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EKCIIPECIA BIUIKA CYCLIN D1 TA TEHIB CCNDI1 1 PNKP

Y MOHOHYKJIEAPAX IIEPU®EPUYHOI KPOBI YYJACHUKIB
JIKBIJALIIL HACJIIJIKIB ABAPII HA YAEC 3 PI3BHUM
CTAHOM IMYHITETY

Meta. JocnignTtn 3miHu pisHie Cyclin D1+ knituH Ta acouinoBaHux reHis CCND1 ta PNKPy moHOHyKneapax nepude-
PUYHOT KPOBi B y4yacHUKiB nikeigauii Hacnigkis aBapii (YIHA) Ha YAEC 3 pi3HMM iMyHHWUM CTATyCOM B 3aNeXHOCTI Bif
L031 ONPOMiHEHHS.
Martepianu i metoau. MNpoaHanizoBaHo BigHOCHKI piBeHb Cyclin D1+ KNiTUH y MOHOHYKNeapax nepudepuyHoi KpoBi
39 YJIHA na YAEC, yonogikis, onpomiHeHux y 103i y giana3oHi 0,01-2,00 p. IMyHonoriyHuin ctatyc 06CTeReHUX BU3-
HayaBcs 3a pieHem CD3/19, CD4/8, CD3/HLA-DR, CD3/16/56 meTofoM NpOTOYHOT LUTONyOpUMeTpii Ta 3a BMicToM Ig
knacie A,M,G meTofomM iMyHObepMeHTHOrO aHanisy y kpoei. Ekcnpecis reHis CCND1 1a PNKP, siki nos’s3aHi 3 Cyclin D1,
MPOBOAMIOCH 33 METOAOM MOJIMEPA3HOT IAHLIOrOBOT peakLii y peanbHomy yaci. [TopiBHAHHS pe3ynbTaTiB 34ilicHI0Ba-
N0Cb i3 BiLNOBigHUMK [AHMMKU, OTPUMAHUMK Bif 18 340pOBUX YONOBIKiB, AKi HE MaNM KOHTAKTY 3 iOHi3ylO4MM BUN-
POMiHIOBAHHAM BULLE NPUPOAHOIO (OHYy.
Pe3ynbrartu. MokasaHo, wo Bigcotok Cyclin D1+ KniTH 36inbWyeETbCA 32 HOPMY B 0Ci0, oNpoMiHeHUX y Ao3i > 0,1 Ip, Ta
KOpenioe 3 403010 OnpoMiHeHHs (rs = 0,417, p = 0,048). BinxuneHHs piHa Cyclin D1+ KNiTUH 33 MeXi KOHTPONbHUX 3Ha-
YeHb NOB'A3YETbCA 3i 3MiHAMM B KNITUHHI Ta ryMOpanbHii naHkax imyHitety. 3meHweHHs BigcoTky Cyclin D1+ kniTuH
3a MeXi KOHTponbHUX 3Ha4veHb B YJTHA Ha YAEC i3 go3oto < 0,35 Ip cynpoBOAXKYETLCA 3HMKEHHAM piBHiB CD3+ Ta nigsu-
weHHam CD3-16+56+ nimcdouuTi; y ocib, onpomiHeHnx y ao3si > 0,35 Ip, 36inbweHHs Bigcotky Cyclin D1+ kniTuH
acouitoeTbea 3i 3HMkKeHHAM CD3+ Ta TeHAeHUieto wWoao 3HMKeHHs CD3+16+56+ NiMbOLUTIB y NOELHAHHIT 31 30iNbleH-
HAM piBHA IgG. 36inbwenHs piBHiB CD4+, CD19+, Ireq. Ta IgG cynpoBOAXKYETHCA NOABOID KOPENALIAHNX 3B'A3KIB MiX
Cyclin D1+ 1a CD3-16+56+ knitnHamm (rs = -0,872, p = 0,049), Cyclin D1+ 1a CD8+ 1 IgG (rs = 0,683, p = 0,042; rs = 0,809,
p = 0,014), Cyclin D1+ Ta CD4+ (rs = 0,602, p = 0,029), Cyclin D1+ ta CD19+ i IgM (rs = 0,604, p = 0,017; rs = 0,538,
p = 0,038) BignosigHo. B Y/IHA, onpomiHeHux y go3i > 0,1 Ip, dikcyeTbca 3HMKeHHsA ekcnpecii renis CCND1 1a PNKP
y CynpoBofi NOABK HeraTMBHUX KopenauinHux 38'a3kiB Mix RQ PNKP i no3ot onpomiHeHHs (rs = -0,638, p = 0,035) Ta
RQ PNKPi piHem Cyclin D1+ knituH (rs =-0,792, p = 0,034).
BucHoBKU. BusBneHi 3miHu BKa3ytoTb Ha pagialinHo-acouinoBaHi nopyweHHs ekcnpecii 6inka Cyclin D1 i perynauii
acoLifnoBaHMX reHiB, WO € WMOBIPHUM MIAFPYHTAM AN KOMYHIKaUiiHUX NOPYLWeHb MiX KNiTUHHOK Ta r'yMOpanbHO
NaHKaMM iMyHHOT cucTemm i 36inbliye pU3MKK peanisauii cToxacTuyHux edekTiB y BUMaai popMyBaHHA OHKONAToO-
norii B YJIHA Ha YAEC y BignaneHomy nicnsasapinHomy nepiogi.
KniouoBi cnoga: Cyclin D1, ekcnpecis CCND11a PNKP reHiB, KNiTUHHWUI Ta T'yMOpanbHMii iMyHIiTET, y4acHUKM NiKBiaa-
Lii Hacnigkis aBapii Ha YopHoOunbebkiin AEC.

Mpobnemu padiayitinoi meduyuHu ma padiobionozii. 2015. Bun. 20. C. 269-282.
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Expression of Cyclin d1 protein and CCNDI ta PNKP genes in peripheral
blood mononuclear cells in clean-up worker of Chornobyl accident with
different state of immune system

Objective: to investigate the Cyclin D1+ cells levels changes, associated CCND1 and PNKP genes in peripheral blood
mononuclear cells in clean-up workers of Chornobyl accident with different state of immune system in depends on
the dose irradiation.
Material and methods. Relative level of Cyclin D1+cells in peripheral blood mononuclears of 39 clean-up workers,
men, irradiated in dose range 0.01-2.0 Gy have been analyzed. Immunological status of examinee’ subjects was
determined by CD3/19, CD4/8, CD3/HLA-DR, CD3/16/56 testing using flow cytometry method and Ig AM,G testing
by immunoenzymatic assay in blood. CCND7 ta PNKP gene expression, which associated with Cyclin D1 metabolism,
was conducted using polymerase chain reaction (PCR) real time method. The obtained results were compared in rela-
tion to data from 18 healthy men, who had no contact with ionizing radiation over then nature background.
Results. Analyzed data of the nuclear controller of cell cycle — Cyclin D1 protein expression changes and related
CCND1 1a PNKP genes in peripheral blood mononuclear cells in clean-up workers Chornobyl accident with different
status of immune system in remote period after exposure is represented. It is shown, that in examinees’ subjects
exposed in dose > 0,1 Gy percentage of Cyclin D1+ cells is elevated against normal range and correlates with dose of
radiation (rs = 0.417, p = 0.048). Normal range deflation of relative amount of Cyclin D1+cells connects with
changes in cellular and humoral immunity. Decline of relative amount of Cyclin D1+ cells below the control level fol-
lowing CD3+ lymphocytes decrease and CD3-16+56+ elevation in clean-up workers exposed in dose < 0.35 Gy.
Increase of relative amount of Cyclin D1+ cells above the control range associates with CD3+ fall together with ten-
dency of CD3+16+56+ lymphocytes fall that attends the IgG elevation in examinees’ subjects with dose > 0.35 Gy.
Percentage of Cyclin D1+ cells correlates with CD3-16+56+ (rs =-0,872, p = 0,049), CD8+ and IgG (rs = 0,683, p = 0.042;
rs=0.809, p=0.014), CD4+ (rs = 0.602, p = 0.029), CD19+ and IgM (rs=0.604, p=0.017; rs=0.538, p =0.038) under
condition of increased level CD4+, CD19+, Ireq. and IgG accordantly. Reviled decrease the CCNDT and PNKP gene
expression in clean-up workers exposed in dose > 0,1 Gy following appearance of correlation between (relative
quantification) RQ PNKP and irradiation dose (rs = -0.638, p = 0.035) and also with RQ PNKP and percentage of
Cyclin D1+ cells (rs =-0.792, p = 0.034).
Concusions. Reveled changes in expression of Cyclin D1+ cells and regulation of related genes may point on possi-
ble radiation-associated firm molecular disturbances occurred during elimination of consequences of Chornobyl
accident, that could be a potential basis for cell and humoral communicative links breach in immune system result-
ing in elevation of stochastic effects like oncopathology in clean-up workers of Chornobyl accident in remote peri-
od after exposure.
Key words: Cyclin D1, CCND1 and PNKP gene expression, cell and humoral immunity, clean-up workers of Chornobyl
accident.
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BCTVYII INTRODUCTION

PesynbsraTi MOHITOPUMHIY CTaHy 340poB’sl mocTpaxkiaa-  Results of health monitoring victims of
Jmx BHacHinok YopHoOmsibchbKoil Katactpodu cBimyate  Chornobyl disaster show the increase incidence
npo 3poctaHHd (> 7 %) piBHs 3axBoploBaHOCTi Ha coma- (> 7 %) of somatic pathology for recent years.
TUYHY TIaTOJIOTIiIO TIPOTITOM OCTaHHiX pokiB. Excriepr-  Expert examination more than 294,815 medical
HUM po3risia moHan 294 815 meauuHux cripaB 3 1989 po-  cases since 1989 revealed increase the develop-
Ky JO3BOJIMB BCTAHOBUTH, IIIO PO3BUTOK HEMyXJIMHHMUX ment of non-neoplastic diseases mainly nervous,
3aXBOPIOBaHb MEPEBaXKHO HEPBOBOI, OpoHxoJjiereHeBoi,  bronchopulmonary, digestive and circulatory sys-
TpaBHOI Ta CUCTeMM KpOBOOOITy, a TaKOXX OHKoIlato- tem as well as cancer pathology include of the
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JIOTii, 30KpeMa eHIOKPUHHUX Ta KPOBOTBOPHUX OPTaHiB
0e3nocepeHbO MOB’SI3YETHCS 3 JIIEI0 iI0HI3YIOUOr0 BUII-
pominenns (IB) [1, 2].

Ha croromHi BizoMo, 1110 OJHUM i3 KJIITUHHUX €(eKTiB
IB € necra6inizauis JHK Ta mopylieHHST KIiTUHHOTO
MKy, BiTkKy poagMHM LUKJTiHIB MPU MOETHAHHI Y KOM-
TUIEKC 3 iIHIIMMHU KOHTPOJIIOI0UNMU (haKTOpaMU peryJIio-
I0Th (pa30Bi Mepexoan MiTO3y LIJISIXOM MOCiTOBHOI €KC-
npecii Ta pocopumoBaHHd cienudiuyHnX “pocket pro-
teins”.

B eykapiotnunit xmituai Cyclin D1 € mepmum 3
LUKJIiHIB, SKWUI Y BiAIOBiIb HA CTUMYJISLIIO POCTOBUX i
(pakTopiB TpaHCcKpULii hopmye Komruiekcu 3 Cyclin-3a-
nexanmu KiHazamu (Cdk) 4 i 6 Ta ctumymioe G1/S daso-
Buii nepexin. Cyclin D1/Cdk4 xomuiekc ¢ochopuittoe
oinok peruHob6mactomu (Rb), 110 cnipusie BUBIJIbBHEHHIO
E2F cakrtopa, sIKMil aKTUBYE €KCIIpecilo HEOOXimHUX
reHiB i OUIKiB Wi nepexony y S dasy. Peanizauisa E2F 3a-
JIEKUTD BiJl iIHTEHCUBHOCTI TIpoIeciB (hOoCOPIITIOBAHHS
akTUBHUX caliTiB Rb, 1110 B CBOIO Yepry IOB’sSI3yeThCS 3
KOHIIEHTpalli€l0, (PYHKIIOHATBHOIO AaKTUBHICTIO Ta
TepMiHOM cTabinbHOCTi Cyclin D1, Big 4yoro 3anexuTb
TMIPOXOIKEHHS KITITUHOIO TIepIoi “KOHTPOJBHOI TOYKN ™
LUKy 11 mopanbinoro cuHtesy JAHK [3].

B xaituni Cyclin D1 ctabinbHuii nuiine ~24 XBUJIMHMU.
Woro piBens 36umbiyetscst y G1 dasi Ta mponosxye
3pOCTaTH A0 MOMEHTY MepeXony KITUHU Y S a3y, micis
4Oro BiOYyBa€ThCsI MOro Aerpanalist 26S mpoTeocomalib-
HUM YOiKBITUH-3aJIeKHUM LIJISIXOM Ta (pochopuIroBaH-
HaM 1o Tyr286 3anuiKy KiHa3010 riikoreHcuHTasu 3f3
(GSK-3p), axa cripusie BUBiJIBHEHHIO 1IbOTO OiJIKa 3 SI/1-
pa no uurtoriazmMu. AKTUBHiCTE GSK-3B moxe OyTu
MNpUTHiYeHa CUTHajJaMM, sIKi TMOCJiZOBHO 3ajly4yaloThb
Ras, docharuauninosuron-3-OH-kinazni (PI3K), ta
npoTeinKiHa3Hi Akt IUIsIXM, 110 BU3HAYa€ HWOro merpa-
Jaiiro gk Ras-3ajiexxHy Ta MiToreH-perynaboBaHy. Poc-
(opumoBanHg Cyclin D1 mocwioeTbesl Mpu 3B’S3y-
BaHHi ioro y kommiekc 3 CDK2, a myTtauis iioro 3a-
quiky 3 Tyr286 Ha Ala (Tyr286A) mocumoe crabib-
HIiCTb Ta IMCMETA00JIiYHY aKTUBHICTb 11bOTO Oisika [4]. ¥V
Bucokiil KoHueHtpartiii Cyclin D1 ranemye cunte3 JTHK
LIUISIXOM 3B’SI3yBaHHSl 3 aHTUTEHOM MpoJliepyroumnx
anepaux kmitiH (PCNA), ckopouye tepmin G1 MiTo-
TMYHOI ¢as3u, iHiuitoe amrutidikaiio JIHK ta nos’s3a-
HU 3 nmieto poctoBux (paktopiB (GF) amonTos, ctumy-
JIIO€ LIMKITIH-3aJIeXXHi KiHa3Hi iHribiTopn — pl6, p27 Ta
p21, aKTMBYE eCTPOTeH-3aJIeXKHY TpaHCKPUIIIiio [5].
HoBumu 3HaHHsIMU B po3yMiHHi poii Cyclin D1 y meTa-
00J1i3Mi KJIITUHU € Te, 110 3a YMOB HOTo TinmepeKcrpecii
BiZOyBAa€ThCS KJITMHHA Mirpaiis Ta iHBa3isl, MOCHU-
JIIOETHCSI aHTiOTeHE3, IMIPUTHIYYETHCS MITOXOHAPiaIbHUMN

endocrine and blood-forming organs that directly
connects with the action of ionizing radiation
(IR) [1, 2].

Nowadays, it is know that DNA destabilization
and of the cell cycle impairment is one of the cel-
lular effects of IR. Cyclin family proteins joined
in complex with other factors regulate phase tran-
sition of cell cycle by sequential expression and
phosphorylation of the specific “pocket pro-
teins”.

Cyclin D1 is the first of cyclins in eukaryotic cell,
which forms complexes with Cyclin-dependent
kinases (Cdk)4 and 6 and stimulates the G1/S
phase transition in response to growth and tran-
scription factors stimulation. Cyclin D1/Cdk4
phosphorylates retinoblastoma (Rb) protein,
which promotes of E2F factor realizing that acti-
vates the genes and proteins expression necessary
for the transition to the S phase. Deliverance of
E2F depends on the intensity of phosphorylation
of active Rb sites that associates with concentra-
tion and functional activity and term of Cyclin D1
stability influencing by turn on checkpoint control
progression [3].

Cyclin D1 is stable ~24 minutes in cell. Its level
increases in the G1 phase and continue growing up
to point of cell’s transition into S phase with fol-
lowed degradation via the 26S ubiquitin-protea-
some-dependents pathway and phosphorylation
Tyr286 reside by glycogen synthase kinase 3[3
(GSK3p), which promotes realization of this pro-
tein from the nucleus the cytoplasm. Ras-, phos-
phatidylinositol-3-OH kinase (PI3K), and protein
kinase Akt signaling pathways can suppress GSK3[3
activity that determine the Cyclin D1 degradation
as Ras-dependent and mitogen regulated. For-
mation of Cyclin DI/CDK2 complex provides
enhancement of Cyclin D1 phosphorylation, and
mutation of 73286 to Ala (Tyr286A) increases the
stability and activity of this protein that forms dys-
metabolic condition in cell [4]. At high concentra-
tions Cyclin D1 inhibits DNA synthesis by binding
to the proliferating nuclear cell antigen (PNCA),
reduce the mitotic G1 phase, initiates amplification
of DNA and growth factors (GF) associated apop-
tosis, stimulates cyclin-dependent kinase inhibitors
—pl6, p27 and p21, activates estrogen-dependent
transcription [5]. The new knowledge in under-
standing of Cyclin D1 role in the cell’s metabolism
consist in that the it overexpression induces the cell
migration and invasion, enhances angiogenesis,
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MeTaboJ1i3M Ta XpOMOCOMHA CTabiJIbHICTh, MMOCUTIOETh-
cs1 yytauBicTh JJHK 10 momkoakeHHsT Ta TOPYIIYEThCS
il pemapauis [6]. Takox 3’aBISIIOTbCS AaHi MPO aHTH-
re’Hi BinactuBocTi Cyclin D1 3a yMoB itoro rimepek-
CIipecii B KJIITMHAX pi3HUX TUIIiB. EKcriepuMeHTaIbHO
MOKa3aHo, 110 CHMHTE30BaHWUM LLISIXOM CTUMYyJsLii T-
mimdpountiB emitonauit enrtug HLA-DR.B1 Hamae
CD4+ xnaiTMHaM LIMTOTOKCHUUYHUX BJIACTUBOCTEH Yy
BinmoBiap Ha rinepekcrpecito Cyclin D1 nmyxiuHowo Ta
BU3HAYaAE MOro pojib y MPOTUIIYXIUMHHOMY iMYHITETi SIK
IUTOTOKCUYHOTO e(eKTopa Mpu OHKOTeHHIN eKcIpecii
HLA-DR [7].

Cyclin D1 xonyetbcsa renom CCNDI (11ql3), saxuit
BU3HAEThCS K OHKOreHHUI Mapkep [8] Ta Bimirpae
CYTTEBY POJIb Y PO3BUTKY PaKy MOJOUYHUX 34103, JIETeHb,
MpsSIMOi KUIIKK, CEYOBOI0 MiXypa, MEe4YiHKU, aJeHOMU
napaluTonoaioHoi 3aj103u, MeTaHOMHU, TTOCKOKTITUH-
HOI KapLUWHOMH, JiM(MOMU KIITUH MaHTIHOI 30HM,
mienaom [9]. Myraliii Ta rimepekcmnpecis LbOTo IeHy, 110
ACOIIII0ETHCS 3 TTOPYIIEHHSIMU KJIITUHHOTO LIUKITY, MOXe
MPU3BOIUTU IO TYMOPOIreHe3y Ta OyTU TPUTepHUM ak-
TOPOM Y PO3BUTKY OaraTbox TUITiB myxJuH [10].

IIpote 3anuinarTbcsd NUTaHHS 1oA0 poJi IB y po3s-
Butky Cyclin Dl-acouiiioBanux iMyHoaedilIUTHUX
CTaHiB K iMOBipHOTO (PaKTOPY pU3UKY PO3BUTKY Bimaa-
JIEHOI HEeOIJIaCTUYHOI TpaHcpopMallii B OIPOMiHEHOMY
OpraHi3mi JIOAUHU.

META

Merta mocaigkeHHsT — gocHiauTv 3MiHu piBHIB Cyclin
D1+ xuituH ta acouifioBanux redHiB CCND1 ra PNKP
y MOHOHYKJIeapax IepudepruyHoi KpoBi B y4aCHUKIiB
JikBiganii HacaiakiB aBapii (YJIHA) na HAEC 3 pis-
HUM IMYHHMM CTaTyCOM B 3aJI€KHOCTi Bil IO3U OII-
POMiHEHHS.

MATEPIAJI TA METOJ1N

B xoni mocnimxeHHs: OyJ0 mpoaHaai30BaHO BiTHOCHUM
pieHb Cyclin D1+ xiituH y MOHOHYKJIeapax Tepude-
puuHoi kposi (ITK) 39 VJIHA na YAEC, 4o010BIKiB,
Bikom (58,31 = 4,95) pokiB, 3 pi3HUM IMYHOJIOTIYHUM
CTaTyCcOM, $Ki 3HaxoAsThcsd Ha obsiky y KiiHiko-
enigemMionorianomy peectpi (KEP) Y “Hauionansamit
HayKOBHM LEHTp pafiaiiiHoi MmeguiimHu HamioHaabHO1
aKkajeMil MeAUYHUX HayK YKpaiHu”~ Ta MPOXOIWJIN Tjia-
HOBE KOMILIEKCHE JiKyBaHHsI. Bci obcTexeHi maiu
pamialiiHMii aHaMHE3 Ta KOMOpPOIAHY MaTOJIOTiI0 Op-
raHiB CeplLeBO-CYIMHHOI, HEepPBOBOI, rernaroOijliapHOi
CHUCTEM XPOHIYHOTO Tepediry 6e3 3/105KiCHUX HOBOYTBO-
pPeHb i arIacCTUYHUX TpaHC(OopMalliil Ta po3MoaiJieHi Ha
YOTUPU TPYNU 3ajJeXKHO Bil 03U 30BHIIIHHBOTO OIMN-

inhibits mitochondrial metabolism, induces the
chromosomal instability, enhances DNA damage
sensing and DNA damage repair [6]. Appearing
new data concerns of Cyclin D1 suggests that it
overexpression led to enhance of its antigenic prop-
erties in the different types cells. Experimentally
shown, that epitope’s peptide HLA-DR.B1 synthe-
sized by stimulating T lymphocytes provides CD4 +
cells the cytotoxic properties in response to Cyclin
D1 overexpression in tumor cells, which proves the
role it protein as cytotoxic effector in HLA-DR
oncogenic expression in antitumor immunity [7].

Gene CCNDI (11g13) encoding Cyclin DI is
recognized as an oncogenic marker [8] and plays a
significant role in the development of breast, lung,
colon, bladder, liver cancer, parathyroid adenoma,
melanoma, squamous cell carcinoma, mantle
zone lymphoma, myeloma [9]. Mutations, ampli-
fication and overexpression of this gene is associat-
ed with cell cycle lesion, can lead to tumorogene-
sis and can be a trigger factor for many types of
tumors [10].

However, the role of IR is not still clearly eluci-
dated in the formation of Cyclin D1-associated of
immunodeficiency different type as possible fac-
tor of remote neoplastic transformation after
exposure.

OBJECTIVE

The objective of the study is to investigate the
Cyclin D1+ cells levels changes, associated
CCNDI and PNKP genes in peripheral blood
mononuclear cells in clean-up workers of
Chornobyl accident with different state of immune
system in depends on the dose irradiation.

MATERIAL AND METHODS

The analysis of Cyclin D1 positive cells relative
level in peripheral blood (PB) mononuclears cells
was carry out in 39 clean-up workers in the years
1986—1988, men, aged (58,31 %+ 4,95) years, with
different immunological status are registered in the
Clinical-Epidemiological Register (CER) SI
“NRCRM NAMS of Ukraine” and took plane and
complex treatment course. All examinee had radi-
ation anamnesis and comorbid chronic pathology
including cardiovascular, nervous, hepatobiliary
systems without malignancy and aplastic transfor-
mation and were divided into four groups in
depends on irradiation dose (D) documented in the
personal medical cases. The 14 subjects exposed in
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poMiHeHHs (D), 3a10KyMEHTOBaHOI B iCTOPisIX XBOPOO.
Ho I rpynu yBiiinuiu 14 oci6, onpoMiHEHUX y J030BOMY
niamasoni 0,001—0,099 Ip, 11 rpymy ckimanm 8 ocib 3 mo-
3010 y Mmexxax 0,10—0,25 Ip, III rpyny — 14 ocib 3 no3o10
0,26—0,99 Ip, IV rpyny cknanu 3 YJIHA, sxi nepeHeciu
roctpy nnpomeHeBy xBopoOy (I'TIX) I-1I ctyneHns Ta 6yiu
oInpoMiHeHi y mo3oBoMy nmiama3odi 1,0—2,0 Ip. Konrt-
pPOJIbHY Tpymy copMOBaHO 3 18 MPakKTUUYHO 3T0POBUX
YOJIOBiKiB, BikoM (49,12 + 5,37) pokiB, y BilITOBiTHOCTI
no BUMOT MixHapoaHoi denepauii KaiHIYHOI Ximil
(IFCC) Ta gaxi He Manu KOHTaKTy 3 IB Buie mpupomHo-
ro ony.

BayTpimmHbokaiTuHHA ekcnpecist Cyclin D1 oniHioBa-
Jlach 3a BimHocHUM piBHeM Cyclin D1+ MoHOHYKJ1€eapiB y
I1K, crabinizoBaHiii remapuHOM, SIKi BU3HAYAINUCh METO-
noMm npotouHoi uutomeTpii (FACSCalibur, BD, CIIIA) 3
BukopuctaHHsIM FITC-mivenux Mouse Anti-Human
Cyclin D1 Monoclonal Antibodies (BD, Pharmingen) ta
Mouse IgG1 (BD, Pharmingen) B SIKocCTi i30TOMIIYHOTO
KOHTpOJI0 10 HuX. [liZpaxyHOK KJIiTUH MPOBOAMIM Ha
30 000 mopiit mpu JOBXUHI XBUJIi 30yIKeHHsI 488 HM ap-
TOH-IOHHOTO Jiazepa Ta oro moTyxHocTi 25 MBT. Ko-
edillieHT eJIeKTPOHHOI KOMIIEHCAlIil CIeKTpy (Iryopec-
uenuii st FL-1 xanany cranosus 0,7 %.

HocnimxenHs BimHocHoro piBHS (RQ) ekcmopecii
CCNDI1 ta PNKP renis, siki moB’s13aHi 3 Cyclin D1, mpo-
BOAMJIOCH 32 METO/IOM I10JIiMEPa3HO] JIAHIIOIOBOI peakilil
y peasbHOMy vaci. PHK Buninsim 3 mononykieapis [1K
Ha aBtomaruuHil craHuii QIAcube (QIAGENE,
Germany) 3 BUKOPUCTAaHHSIM HaOO0pPy IS BUATEHHS
PHK — NucleoSpin RNAII (Macherey-Nagel, Germa-
ny). Cunres kJIHK i3 3pa3kiB PHK npoBoauiu 3a moro-
mororo High Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, USA). Ammutigikaiito kJIHK mpo-
BEIEHO 3a JOITOMOTOI0 poboTr3oBaHoi cuctemu 7900 HT
FastReal-Time PCR System (Applied Biosystems, USA) 3
BUKOpHUCTaHHSIM TagMan TexHosorii. AHaIi3 OTpUMaHUX
JAaHUX IIPOBEICHO i3 3aCTOCYBaHHSIM IIPOTPaMHOTO 3a0e3-
nieueHHs SDS 2.3. [Noka3HnKM BiTHOCHOTO PiBHS TeHHOI
excrpecii (Relative Quantification — RQ) po3paxoByBain
3 BuKopuctaHHsIM AACt metony, ae AACt = (Ctsample-
Ctref)contrl- (Ctsample- Ctref)irradiated, Ta CITiBBIZIHOILIEHHS
piBHSIHHS HopiBHIOE 2AACT.

ImyHonoriunnii craryc YJIHA na YAEC ouiHioBaBcs 3a
BimHocHUM piBHeM JiMdouuTiB [IK 3 aHTUreHaMu
CD3/19, CD4/8, CD3/HLA-DR, CD3/16/56, siki Bu3-
HayaJIMCh 3a JOMOMOIOIO BiIOBIAHMX MOHOKJIOHAJbHUX
antutin (BD, CIIA), mivenux Fluorescein isothiocyanate
(FITC) ta Phycoerythrin (PE) ¢groopoxpomamur MeToioM
nporoyHoi tutometpii (FACScan, BD, CIIIA) 3 ypaxy-
BaHHSIM PO3PAXyHKOBOIO iMyHOPETYJISITOPHOIO iHIEKCY

the dose range 0,001—0,099 Gy were recruited into
I group; 8 subjects with a dose in the range
0.10—0.25 Gy — into II group; 14 subjects with
dose 0.26—0.99 Gy have consisted 111 group; three
clean-up workers exposed in the dose range
1.7—-2.0 Gy and underwent the acute radiation syn-
drome (ARS) 1-2 degree recruited into IV group.
18 healthy men aged (49.12 = 5.37) years were
included into control group in accordance with the
requirements of the International Federation of
Clinical Chemistry (IFCC) and who had no con-
tact with IR above natural background level.

Intracellular expression of Cyclin D1 have eval-
uated by the relative level Cyclin D1+ cells in
mononuclear cells in heparin-stabilized peripheral
blood (PB) using flow cytometry (FASSCalibur,
BD, USA) using FITC-stained Mouse Anti-
Human Cyclin DI Monoclonal Antibodies (BD
Pharmingen) and Mouse IgG1 (BD Pharmingen)
as isotopic control. Cell counting conducted using
argon-ion laser with excitation wavelength 488 nm
and its power 25 mV on 30,000 events.
Compensation coefficient of fluorescence spec-
trum for FL-1 channel was 0.7%.

The study of the relative quantification (RQ) of
gene expression CCNDI and PNKP (DNA repair
gene) were carried out using PCR real time
method. RNA was isolated from PB mononu-
clears in automatic station QIAcube (QIA-
GENE, Germany) using the RNA isolation kit —
NucleoSpin RNAII (Macherey-Nagel, Ger-
many). The cDNA synthesis from RNA samples
was carried out by High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, USA).
cDNA amplification conducted by the robotic
system 7900 HT FastReal-Time PCR System
(Applied Biosystems, USA) using TagMan tech-
nology. Data analysis was conducted using the
SDS 2.3 software. Relative levels of gene expres-
sion — RQ were calculated by the method of
AACt, where AACt = (Ctsample- Ctref)contrl—
(Ctsample- Ctref)irradiated, and the equation ratio
is 2AACt.

Immunological status of clean-up workers was
determined by the relative level of PB lymphocytes
with antigens CD3/19, CD4/8, CD3/HLA-DR,
CD3/16/56 using monoclonal antibodies (BD,
USA) conjugated with either fluorescein isothio-
cyanate (FITC) or phycoerythrin (PE) by flow
cytometry (FACScan, BD, USA) taking into
account the computed immunoregulatory index
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(Ireg.) — CD4+/CD8+. Bmicr Ig knacis G, M, Ay 1K Bu-
3HavaJIM iMyHO(DEpPMEHTHUM METOJIOM 3a JOMIOMOTOI0 MiK-
poranmeTHoro pigepa LabLine-022 (ABcTpist) 3 BUKO-
pUCTaHHSIM HabopiB peareHTiB ¢ipmu “Ipanym”, YkpaiHa.

CTraTuCTUYHY OOpOOKY pe3yJIbTaTiB JOCHIIKXEHb MpPO-
BOAWJIM 3a JOIIOMOI'0OI0 CTATUCTUYHOIO MakeTy Statistica
8.0 StatSoft. Inc. 1998—2007 pp.

ITpoBonuBCS IeCKPUNTUBHUM aHali3 KOXHOI BUOIpKU
3 PO3paXyHKOM cepeaHboro 3HaueHHs (M) Ta cTaHaapT-
Hoi nmoxu6bku (m) [4]. ITopiBHSIHHS ABOX HE3aJIEXHUX
CYKYITHOCTell IMPOBOIMJIOCH 32 HemapaMeTpUUYHUM TeC-
oM — U-tect ManHa-VYitHi (U-test Mann-Whitney),
Oinblle ABOX BMOOpOK — 3a TecToM Kpyckana Yoiica
ANOVA 3a pankamu (Kruskal-Wallis ANOVA by Ranks).
3HAYYIINMHA PO30isKHOCTI BBAXKAITMCh ITPY 3HAYESHHIX KO-
ediuienTa qocroBipHocTi p < 0,05, p < 0,01 Tap < 0,001.
Po3max HopMaIbHUX 3HAYeHb Y KOHTPOJIbHIM IPYITi BBa-
xKaBcgd y mexax (M * 1o). Xapakrep 3B’SI3Ky MiX
3MiHHMMU MOKA3HUKIB BU3HAYABCS LIISIXOM PO3paxyH-
Ky KoedilieHTa kopensuii Spearman (rs) [11].

PE3VYJIBTATU TA OBT'OBOPEHHS

Cman kaimunnozo ma 2ymopaavnoezo imynimemy ¢ YJIHA
na YAEC y siodasenomy nicasaagapiiinomy nepiodi
Bussneno, mo B rpynax YJIHA na YAEC, po3nomnine-
HUX 32 103010 ONPOMiHEHHS, 3MiHU Y KJIITUHHIKI Ta ry-
MOpaJbHil TaHKaX IMyHHOI CUCTEMU MaJiu O3HAKMU IO-
pYLIEHHS iMYHOJIOTiUHOI peakTUBHOCTI. BigmiueHo,
1mo B ompoMiHeHux oci6 y D < 0,10 Ip BimbyBasioch
3HUXEHHS piBHS Ireg. 3a paxyHOK HuxX4oro y 1,28 pasa
3a KOHTPOJbHI 3HaueHHS BigcoTky CD4+ (p = 0,007).
IIpote B ompomiHeHux y niama3oni go3 0,1—-1,0 Ip
criocTepirajgach JWIIe TEHACHILS IMOA0 3HUXKEHHS
piBHA Ireg., IO aCOLIIOBAIOCH i3 TPUTHIYEHHSIM PiBHS
CD3+16+56+ nimdouutis. BincoTtok octaHHiX OyB
JOCTOBipHO HIXXKYMM y 2,22 pa3a (p = 0,044) 3a Hopmy
suuie B 11 rpymi o6crexxenux. Y oci6 II ta 111 rpym 3a3-
HayeHi 3MiHM CYNpPOBOMXYBAIUCh 30iAbILIECHUM PiBHEM
cupoBaTkoBux IgA ta IgG BimHOCHO KOHTpOmO y 1,22
(p =0,012) ta 1,61 pa3a (p < 0,0001), BiznosigHo. Lle
Ha (oHi MiIsIBOI ekcrpecii 3 6oky CD19+, € o3Hako0
iMyHOIIepeTyJIsILii, sIKa XapaKTepU3YEThCSI TaJIbMyBaH-
HSIM BiAMNOBiJi 3 00Ky B-KJIITUHHOIO JlaHLlora i Moxe
MPU3BOIUTU OO MOPYIIEHHS MeXaHi3MiB aHTUTIJIOYT-
BOPEHHS Ta ejiMiHauii maroreHa. MiMoBipHO, y oci6,
gKi 0yau onpomineHi y D < 0,10 Ip, ui moaii moB’s3aHi
3 i€l0 pafialiiHOro YMHHUKA, OCKIUJIBKM Y HUX 3Hali-
JIeHi 3Hauylli KopeasuifiHi 3B’sI3KM MaJIol MOTYKHOCTi
Mixk CD4+ Ta m03010 ONpoOMiHEHHSI Ha piBHI (rs =
0,394, p = 0,017), 110 MOXe OYTU HEMPSIMUM T0KA30M
pagiauiiiHO-acoLiiioBaHUX 3MiH Y peLieNTOPHO-PO3ITi3-

(Ireg.) — CD4+/CDS8+. Ig G, M, A classes PB
content determined by ELISA kit (“Granum?”,
Ukraine) using microplate reader LabLine-022
(Austria).

Statistical analysis of the data was performed
using the statistical package Statistica 8.0 StatSoft.
Inc. 1998-2007.

Choice of method for data analysis included a n
approach of descriptive statistics of each variable
with calculation of the mean (M) and standard
error mean (m) [4], nonparametric Mann-
Whitney U-test — for comparison of two inde-
pendent variables, Kruskal-Wallis ANOVA by
Ranks — for comparison more than two variables.
Significant differences were considered at the val-
ues p < 0.05, p <0.01 and p < 0.001. The normal
values range was accepted within range (M * 10)
[11]. Relation between variables was assayed by
means of correlation analysis using coefficient of
Spearman (rs).

RESULTS AND DISCUSSION

Cellular and humoral immunity state in clean-up
workers of Chornobyl accident in the remote period
The obtained data shown that the cellular and
humoral links of immune system state in clean-up
workers of Chornobyl accident had signs of
immunological reactivity disorders. In exposed
subjects in D < 0.10 Gy noted Ireg. fall due to a
lower percentage of CD4 + in 1.28 times (p =
0.007) against control values. However in irradiat-
ed subjects in the dose range 0.10-1.00 Gy observed
only a trend in decreasing Ireg., that was associated
with inhibition of CD3+16+56+ lymphocytes.
The level of these cells was significantly lower in
2.22 times (p = 0.044) in compare the norm only in
the third group of examinees. The subjects of I and
IIT groups have similar changes accompanied by
increased levels of serum IgG and IgA in compare
to the control group in 1.22 times (p = 0.012) and
1.61 times (p < 0.0001) respectively, that on a
ground of inefficient CD19+cell expression, could
be explained as immunoderegulation sign, which
characterizes by B-cell response inhibition result-
ing in impairment of antibody production mecha-
nisms and pathogen elimination. Probably, in indi-
viduals who were exposed to doses < 0.10 Gy, this
events associated with the action of radiation fac-
tor, as found significant correlations between
CD4+ and dose (rs = 0.394; p = 0.017), which may
be indirect evidence of radiation-associated
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HaBaJbHOMY anapaTi iMyHOKOMITETEHTHUX KJIITUH [12]
(tabm. 1).

changes in receptor-recognition apparatus of
immunocompetent cells [12] (Table 1).

Ta6nuusa 1

CTaH KNiTMHHOrO Ta rymopanbHoro imyHitety B rpynax YJIHA Ha YAEC 3 pisHumu giana3oHamu po3 y BiapaneHo-
My nepioai nicna onpomiHeHHA

Table 1

Cellular and humoral immunity in groups of clean-up workers with different dose ranges in the remote period
after irradiation

Fpynu / groups
MoKasHMKM KontponbHa 1 | ]l v
Indices Control (0<D<0,10) I'p/Gy (0,10<D<0,25) 'p/Gy (0,25<D<0,99) I'p/Gy (1,0<D<2,0) I'p/Gy
n=18 n=14 n=7 n=13 n=3

M=m ) M=m M=m M=m M=m
KnitunHoro imyHitety / cellular immunity
CD3+19-, % 67,68 £ 1,71 7,26 62,46 + 2,98 60,57 + 3,67 65,18 + 3,12 69,27 + 7,98
CD3-19+, % 747 £ 0,70 2,95 9,11 £ 1,34 8,11 £ 1,32 7,03 £ 0,95 7,60 £ 2,46
CD4+8-, % 38,06 £ 1,96 8,32 29,81 + 1,93** 38,24 + 3,62 38,52 + 1,92 43,93 + 6,93
CD4-8+, % 29,04 £ 241 10,23 32,07 = 2,86 25,08 = 1,85 31,88 + 2,162 20,43 + 3,03
Ireg., yMm.0A. / SU 1,51 £ 0,17 0,73 1,05 £ 0,13* 1,57 £ 0,18 1,33 £ 0,15 2,35 = 0,68'3
CD3+HLA-DR+,% 492 £ 1,00 4,25 576 = 1,10 593 + 1,03 6,83 + 1,20 8,13 = 5,31
CD3+16+56+, % 10,88 + 2,34 9,94 12,99 + 2,05 6,41 + 1,29 4,90 + 0,75 9,50 + 2,89
CD3-16+56+, % 15,95 = 1,79 7,60 18,41 £ 2,49 21,85 £ 2,45 16,96 + 2,35 16,20 + 6,00
F'ymopanbHoro iMmyHiTety / humoral immunity
Ig A, r/n (g/L) 2,25 =060 0,26 3,04 £ 0,42 2,52 + 0,40 2,85 + 0,23* 1,84 £ 0,07%°
lg, G, r/n (g/L) 769 £ 024 1,04 9,64 + 1,49 12,93 + 1,41** 12,07 £ 1,50*** 9,62 + 1,49
Ig M, r/n (g/L) 096 + 0,06 0,26 0,99 + 0,10 1,04 + 0,16 0,90 + 0,06 0,94 + 0,13

TMpuMiTkn. *,**,*** — nocToBipHa BiAMIHHICTb Bl KOHTPOALHOI rpynn (p < 0,05; p < 0,01; p < 0,001, BignosigHo) 3a U-test Mann-Whitney;

1,11

2 _ pocTosipHa BigMiHHicTs Big Il rpynm (p < 0,05) 3a U-test Mann-Whitney;
3 _ pocTosipHa BigMitHicTs Big Ill rpynu (p < 0,05) 3a U-test Mann-Whitney.

— [locToBipHa BigMiHHICTb Big | rpynm (p < 0,05; p < 0,01 BignosiaHo) 3a U-test Mann-Whitney;

Notes. *,**,*** — significant difference against the control group (p<0.05; p<0.01; p<0.001 respectively) by Mann-Whitney U-test;

1,11

2 _ significant difference against Il group (p<0.05) by Mann-Whitney U-test;
3 _ significant difference against Ill group (p <0.05) by Mann-Whitney U-test.

— significant difference against | group (p<0.05; p<0.01 respectively) by Mann-Whitney U-test;

Excnpecia 6iaxa Cyclin D1 ma 2enie CCND1 i PNKP
3a.1excHo 6id 00306020 nasanmaicenns ¢ YJIHA na

YAEC 3 pi3Hum iMyHOA02IHHUM CIMAMYCOM

3a nanumu paHrosoro tecty Kruskal-Wallis njist Ginbiie
nBox BuOipok Bimcorok Cyclin D1+ kiituH y rpynax
VJIHA 0yB nmocTtoBipHO pi3HMM. BusBieHo, 110 piBeHb
Cyclin D1+ xnitun B 11K YJIHA na YAEC, onpomiHe-
Huxy D > 0,10 Ip 6yB 3Ha4HO BUILMI BITHOCHO KOHTPO-
mo: y Il rpymi — vy 1,50 paza (p = 0,003), y IIl —y 1,74
paza (p = 0,0008), a B YJIHA 3 nepeHecenoo I'TIX,
piBeHb IIUX KJIITUH OyB y Mexax 3HayeHb 11 ta I1I rpyn
(puc. 1).

B xoxi kopensuiiiHoro aHanidy Oyja0 3HailAeHO, 110
piBeHb Cyclin D1+ mononykneapis I1K mo3utusHO
MOB’SI3yBaBCs 3 03010 ONMpOMiHEHHS — 15 = 0,417, p =
0,048. HaitmoTy:xHilli 3B’SI3KM CIIOCTEpiraJucs B IpyIli
VYJIHA, onpominenux y mo3sax < 0,25 Ip (puc. 2).

Cyclin D1 protein expression and CCND1 and PNKP
genes depending on accumulated dose in clean-up
workers with different immunological status
Cyclin D1 levels in groups of clean-up workers was
significant different by Kruskal-Wallis rank test. In
clean-up workers of Chornobyl accident exposed in
dose D > 0.10 Gy relative content of PB Cyclin D1+
cells was significantly higher vs. control group: in
1.50 times (p = 0.003) in the II group and in 1.74
times (p = 0.0008) in I1I group, whereas the percent-
age of these cells were at the level of II and III groups
in clean-up workers who overcame ARS (Figure 1).
Correlation analysis data have shown that Cyclin
D1+ of PB mononuclears positively associated with
dose — rs = 0.417, p = 0.048. The strongest correla-
tion was found in the group of clean-up workers
exposed in doses < 0.25 Gy (Figure 2).
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PucyHok 1. Bigcotok Cyclin D1+ knitun y nepucepuunin kpoei YIHA Ha YAEC, po3nogineHux Ha rpynu 3a pis-
HUMM Aliana3oHaMu 03 y BiaaaneHuit nepioa nicna onpominenna: I - (D<0,1) p (n=13); II - (0,10<D<0,25) Ip,
(n=7); III - (0,25<D<1,00) Ip, (n = 13); IV - (1,0<D<2,0) Ip (n = 3); K - KoHTponbHa rpyna (n = 18).
MpuMiTKM. ***** — nocToBipHa BigMiHHICTb Bif KOHTpPONLHOT rpynu (px < 0,01; px < 0,001, BignosigHo) 3a U-test Mann-Whitney; ptWH -
3HauyLWicTb 3a paHrosum Tectom Kruskal-Wallis ANOVA.

Figure 1. Cyclin D1+ cells percentage in peripheral blood in clean-up workers distributed into groups depends
on different dose ranges in the remote period after irradiation: I - (D<0.1) Gy, (n = 13); II - (0.1<D<0.25) Gy,
(n=7); III - (0.25<D<1.00) Gy, (n = 13); IV - (1.0<D<2.0) Gy, (n = 3); K - control group (n = 18).

Notes. **,*** — significant difference against control group (p < 0.01; p < 0.001 respectively) by Mann-Whitney U-test; p*- — significance
by Kruskal-Wallis ANOVA test by Ranks.

8

Cyclin D1+ cells, % =2 ,692+12,6705*x; 0.95 Conf. interval / [los. iHTepBax
*
r,=0,525, p= 0,025 -

Cyclin D1+ cells, %

-0,020 0,020 0,060 0,100 0,140 0,180 0,220
0,000 0,040 0,080 0,120 0,160 0,200 0,240
Jlo3a onpominenns, I'p / Dose of irradiation, Gy

PucyHok 2. KopenauiitHa 3anexHictb Mix Bigcotkom Cyclin D1+ knitud 1a gosoto B MK VINA Ha YAEC,
onpomiHeHux y ao3i D < 0,25 Ip.

Figure 2. Correlation between the Cyslin D1+ PB mononuclears level and dose in clean-up workers of
Chornobyl accident exposed in the dose range 0,001-0,25 Gy.
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IIpu pocmigkeHHi 3MiH MTOKa3HUKIB KJIITUHHOI Ta Iy-
MOpaJIbHO1 JJaHOK iMyHHO1 cucteMu YJIHA npu Bigxu-
nenHi piBHgA Cyclin D1+ KJIiTUH 3a MeXi TOKAa3HUKIB B
KOHTPOJBHIN rpymi (M £ m, (2,38 £ 0,22) % nipu 3Ha-
yeHHi 6 = 0,90), Oyjo BUSBIECHO, LIO 3HUXEHHSI
BigcoTky Cyclin D1+ KJIITUH 32 HUXHIO MeXy KOHT-
poibHMX 3HadYeHb (M-08) crmocTepiraiock y 9 ocib, or-
pomiHeHnux y no3i D < 0,35 Ip. ¥ Hux 3HaiigeHo 3HU-
>keHHs1 piBHA Bigcorky CD3+ Ta mimBuimenHs CD3-
16+56+ nimdouunTis 3a HOpMmy B 1,22 paza (p = 0,029)
ta 1,70 pa3a (p = 0,044), BinmoBigHO, i cmocTepiragach
TeHIEHIisT 110A0 30iJbIIeHHS PiBHS CUPOBAaTKOBUX Ig
kiacy G.

VY 21 onpominenoro YJIHA 3 GinbiiuMm 1030BUM Ha-
BaHTaXX€HHSIM BiIMiY€HO MiJABUIUEHHS BiICOTKY
CyclinD1+ xiiTuH 3a BepxHIO MeXy KOHTPOJbHUX 3Ha-
yeHb (M+9). Y HUX 3HaiiIeHO 3MEHIIEHHS BiICOTKIB
CD3+ nimdouuti y 1,10 pasza (p = 0,046) y cynpoBoni
TeHAeH LI momno 3umxkeHHss CD3+16+56+ niMmdouuTis
Ha TJIi 3HAaYHO MiABUILEHOTO0, MOPiBHIHO 3 KOHTPOJIEM,
piBHsa IgG y 1,46 paza (p = 0,004). Mix coGoo rpymnu
BimpisHstuch ymiie 3a piBHeM CD3-16+56+ ximituH
(Tabm. 2).

¥ 9 VJIHA Bincorok Cyclin D1+ KJIiTUH i mOKa3HUKU
KJIITUHHOTO Ta T'yMOPaJbHOIO iMyHITeTy OyJaud y Mexax
KOHTPOJIbHUX 3HAY€Hb.

Hocmimkennsg 3B’a3KiB Mix piBHeMm Cyclin D1+
xiituH 1K i mokasHMKamMu KJIiTUHHOTO Ta T'yMOPaJIbHO-
To IMyHITeTy IToKa3aJjo, 1110 MPH 30iIbIIIEHOMY, TOPiBHSI -
HO 3 HOpMOIO, BincoTKy CD4+ xititun (> 46,38 %, M+39,
n = 7) B YJIHA na YAEC 3’aBismmcs 3BOpPOTHI KOpe-
Jasuiiiai 38’3k Mixk Cyclin D1+ ta CD3-16+56+
kiituHamMu — 1s = —0,872, p = 0,049. IIpu BigxuieHHi
piBHA lreg. mo 30imbIIeHHs (> 1,54 yM.on., M, n = 13)
Bincotok Cyclin D1+ ximitmH moB’s3yBaBcst 3 CD4+
kinitnHaMu — 15 = 0,602, p = 0,029. Ilpu 306inblIEHHI
Bincorky CD19+ (> 10,42 %, M+3, n = 9), piBeHb
Cyclin D1+ kopemntoBaB 3i 3HauHOI0 cujioto 3 CD8+ Ta
IgG — s = 0,683, p = 0,042 i rs = 0,809, p = 0,014,
BiATIOBiTHO, MpU LIbOMY 30iNbIeHH piBHA 1gG ( 10 T/71,
M+39, n = 15) acol1iro10BaI0oCh i3 TTOSIBOIO KOPEJISILIITHIX
3B’s13KiB Mix Cyclin D1+ i CD19+ knitunamu ta IgM —
rs = 0,604, p = 0,017 ta rs = 0,538, p = 0,038,
BigmoBigHo. [IpoTe B KOHTPOJBHIl TpyTi HE OYJI0 BUSIB-
JIEHO MOAiOHMX 3B’ SI3KiB.

OtpumMaHi aaHi cBiguaTh npo e, 1o B YJIHA Ha YA-
EC dopmyBanHg iMyHHOI BiImoBimi Ha eHIOTeHHUWI
Ta/ab0 eK30reHHU TTOAPa3HUKU TTOB’ I3YETHCS 3i 301J1b-
meHHaM piBHA Cyclin D1+ xiituH. Ile € o3Hako0 po3-
JIaly MeXaHi3MiB KJIITHHHOTO LIUKJIY, 1110 MOX€ CJIyryBa-
THU TIOIITOBXOM [IJISI TIepeHAIIPYKeHHS iMyHHOI CUCTEMU,

Investigation of changes in cellular and humoral
immune system of clean-up workers is shown that
deflation of the relative amount of Cyclin
D1+cells out of normal range (M + m, (2.38 =
0.22) % at a value of & = 0,90) connects with par-
ticular changes in cell and humoral immunity. It
was found that in 9 examinee exposed in D < 0.35
Gy decline of the CyclinD1+ cells percentage
below normal range (M-8) associates with of
CD3+ percentage fall and CD3-16+56+ rise in
1.22 times (p = 0.029) and 1.70 times (p = 0.044)
respectively against control that accompanies the
tendency to increase of serum Ig G class.

In 21 clean-up workers exposed to radiation
doses D > 0.35 Gy reviled increased percentage of
Cyclin D1+cells percentage upper of control range
(M + 9). It is associated with decreased level of
CD3 + lymphocytes in 1.10 times (p = 0.046)
attended by reduce of CD3+16+56+ lymphocytes
level tendency on the background of significantly
increased level of IgG in 1.46 times (p = 0.004)
against control. All groups have difference between
each other at value of CD3-16+56+ cells (Table 2).

The level of Cyclin D1+ cells and of cellular and
humoral immunity indexes was within normal
range in 9 clean-up workers of Chornobyl accident.

By correlation analysis shown that PB Cyclin
D1+ mononuclears percentage associates with
indexes of cellular and humoral immunity. At higher
percentage of CD4+ cells than normal (> 46.38%,
M+9, n = 7) the correlation was appearing between
Cyclin D1+ and CD3-16+56+ cells (rs = -0.872,
p = 0.049). The percentage of PB Cyclin D1+ cells
correlated with CD4+ (rs = 0.602, p = 0.029) at
increase level of Ireg. (> 1,54 units, M, n = 13).
Percentage of PB Cyclin D1+ cells correlates with
CD8+ and IgG (rs = 0.683, p = 0.042 and 15 =
0.809, p = 0.014 respectively) at rice of CD19+ per-
centage (> 10.42%, M+9, n =9). At the same time,
increase the level of IgG (i 10 g/, M+§, n = 15)
connects with the appearance of correlations
between Cyclin D1+ and CD19+ cells and IgM as
well (rs=0.604, p=0.017 and rs = 0.538, p = 0.038
respectively). However, there were no similar corre-
lations in the control group.

Obtained data confirm that forming of immuno-
logical response to endogenous and/or exogenous
stimuli in clean-up workers of Chornobyl accident
associates with increasing levels Cyclin D1 + cells.
It could be a sign of cell cycle mechanisms disor-
der resulting in immune system overstrain, com-
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Ta6auuysa 2

MoKasHMKKU KNiTUHHOrO Ta rymopanbHoro imyHiTety B YJIHA Ha YAEC i KoHTponbHil rpyni 3anexHo Big Bigxu-

nenb BigcoTkie Cyclin D1+ KniTuH 33 HOpMy
Table 2

Cellular and humoral immunity indexes in groups of clean-up workers and control in depends on Cyclin D1+

cells percentage deflection of normal range

I'pynu YJIHA 3anexHo Bif BigXuneHHs BigHOCHOrO pPiBHS

Cyclin D1+ knituH 3a koHTpOnb (M+19)

KoHTponbHa Groups of the clean-up workers depending on Cyclin D1+ cell deviation
MokasHuku Control against control (M+19)
Indices n=18 | |
Bigcotok Cyclin D1+ knitun Bigcotok Cyclin D1+ kniTun
<1,48 %, n=9 >3,28%, n=21
M=m o M=m M=m
[lo3a onpomineHHs, p - - 0,14 +0,10 0,47 + 0,14
Radiation dose, Gy
Knitunnoro imynitety / cellular immunity
CD3+19-, % 67,68 = 1,71 7,26 55,47 + 3,37* 62,05 £ 1,56*
CD3-19+, % 747 +0,70 2,95 9,20 +2,35 8,32 £ 0,81
CD4+8-, % 38,0619 832 33,9 + 2,65 37,41 £2,33
CD4-8+, % 29,04 + 2,41 10,23 24,50 + 3,57 27,88 = 2,01
Ireg., ym.on. 1,51 0,17 0,73 1,44 + 0,23 1,51 0,17
CD3+HLA-R+, % 4,92 + 1,00 4,25 4,03 + 0,96 6,02+ 1,12
CD3+16+56+, % 10,88 £2,34 9,94 9,13£3,19 721 +134
CD3-16+56+, % 1595+179 7,60 27,10 + 4,70* 18,77 = 1,57
F'ymopanbHoro iMmyHiTeTy / humoral immunity
Ig A, r/n 2,25+0,60 0,26 2,87 0,49 2,82+0,29
lg, G, r/n 769024 1,04 9,83+ 1,39 11,24 + 0,89**
Ig M, r/n 0,96 + 0,06 0,26 0,92 £0,12 1,04 £ 0,09

MpumiTky. *,**,*** — nocToBipHa BIEMIHHICTb Big, koHTpoMbHOI rpynm (p < 0,05; p < 0,01, BignosiagHo) 3a U-test Mann-Whitney;.

# — poctosipHa BigMiHICTb Bi Il rpynu (p < 0,05) 3a U-test Mann-Whitney.

Notes. *, **, *** — significant difference against the control group (p < 0.05; p < 0.01 respestively) by Mann-Whitney U-test;

# _ significant difference against Il group (p < 0.05) by Mann-Whitney U-test.

MOPYIIEHHS KOMYHiKalliifHUX 3B’SI3KiB Mi>XK OKPEMUMMU i1
JJaHKaMu, Ta, SIK HaCJIiJOK, PO3BUTKY KJIITHHHOTO CTpe-
cy. MMoBipHO, (GOpPMYBaHHSI TaKuUX 3aJeXHOCTENl
MOB’S13aHO 3 TPUBAJIMM (DYHKIIIOHYBAaHHSIM palialliiiHO
HepernapoBaHOT KOMIIOHEHTHM Ha TJIi KiHa3HO-He3aJIeX-
HoI HecTabibHicTI TeHOoMYy [10].

JJ1s1 TIOLIIYKY TOKa3iB LIbOTO IIPUITYIIIEHHS IIPOBEAESHO
aHaJi3 BimHocHoro piBHA ekcrpecii reHa CCNDI, 1o
konye 6iiok Cyclin D1, ra PNKP reHa, IKuii 3agistHU
y penapauii JIHK BHacnigok ii OKMCHOI AECTPYKIIii B
moHoHnykJeapax 1K y 13 YJIHA na YAEC y Bignane-
HOMY MicisiaBapiiiHOMY Mepiofi, SKi OyJau po3nodiaeHi
Ha 1Bi rpynu: 1o | yBiiimio 6 oci6, ormpoMiHeHUX Y 10-
3ax B Mexax (0,06 + 0,02) Ip, mo Il — 7 oci6 3 mo3010
(0,23 £ 0,03) Ip.

3naiineHo, mo exkcrpecis CCND1 i PNKP renis y
moHoHykieapax IIK YJIHA 3miHIoBagachk 3a1eKHO Bif,
JI030BOTO HaBaHTaXEHHS, OTPMMAHOro Il Yac
JiKBigamii HacinkiB YopHoOMIbChKO1 KaTacTpodu. Bu-

municative links damage between individual units
that leads to cellular stress. Formation of such
links probably associates with prolonged function
of radiation induced not reparated components on
a ground of kinase-independent genomic instabil-
ity [10].

The analysis of relative levels expression of gene
CCNDI, coding Cyclin D1 protein, and gene
PNKP, involved in oxidative DNA damage repair,
was carried out in PB mononuclears in 13 clean-up
workers in a remote post-accident period, who were
divided into two groups: 6 subjects exposed in dose
range (0.06 = 0.02) Gy were recruited in I group, 7
subjects with dose (0.23 = 0.03) Gy — into II group
for research the evidences of this assumption.

The CCNDI1 and PNKP gene expression
changed in clean-up workers in remote period after
exposure depending on dose received under the
Chornobyl accident clean-up work. It was found,
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SIBJIEHO, 1110 cepenHi 3HaueHHs1 RQ CCNDIta RQ PNKP
reHiB Oyau Hukuumu y II rpymi obcrexenux YJIHA
BimHocHo Iy 10,57 (p = 0,141) iy 7,39 paza (p = 0,013),
BigmosigHo (puc. 3). RQ rena PNKP 3BopoTHO Kopeio-
BaB i3 103010 onpomiHeHHs (1s = -0,638, p = 0,035) ta 3
piaeM Cyclin D1+ xmitua (rs = -0,792, p = 0,034).

that RQ mean of CCND/I and PNKP genes was
lower in II group of clean-up workers against I in
10.57 times (p = 0.141) and 7.39 times (p = 0.013)
respectively (Figure 3). RQ PNKP gene negative
correlated with dose (rs = -0.638, p = 0.035) and
with Cyclin D1 + cells (rs = -0.792, p = 0.034).

1@

EIM+m; [ M+0,95 Conf. interval /[1oB.iHTEp B
6| HE rQ, ccNDI
H rQ, PNKP

=

I'pynu / groups

PucyHok 3. Ekcnpecis redie CCND1 1a PNKP y MmoHOHYKneapax nepudepuynoi kposi B YIHA Ha YAEC y Bigpa-
neHomy nepiofi nicna onpomiHeHHA, po3nofineHnx Ha rpynu 3a pisHumu pianasoHamu pos: I - (D<0,1) Ip,

(n=6); II - (0,1<D<0,4) Ip, (n=7).

Mpumitka.* — goctosipHa BigMiHHicTb Big I rpynn (pr < 0,05) 3a U-test Mann-Whitney.

Figure 3. CCND1 and PNKP gene expression in peripheral blood mononuclears in clean-up workers of the
Chornobyl accident in the remote period after irradiation, distributed into groups in depends on dose ranges:

I-(D<0.1) Gy (n=6);II-(0.13D<0.4) Gy (n=7).

Note. * — significant difference against II group (p < 0.05) by Mann-Whitney U-test.

OTpuMaHi JaHi Y3roIKyIOThCS 3 CYJaCHUMU YSIBJICHHS -
MM TIPO Te, 1110 3MiHU B €KCIIpeCii FeHiB, IKi KOHTPOJIIOIOTh
KJITMHHUI 1IAKJI, IPU3BOAITh A0 ITOPYIIEHHS MOr0 CUT-
HaJbHOTO KOHTPOJIIO, 110 MOXEe OyTHM HaCJiIKOM paiia-
LiliHOrO TOIIKOMXeHHsI. EXcriepMeHTalbHO MOKa3aHo,
1110 TIPY OJHOKPATHOMY OIPOMiHEHHI KyJBTYpPH KJIITUH Y
no3i > 10 Ip BigOyBa€eThCs MpoTeocoMaabHa yOIKBITUH-3a-
nexHa aerpagauist Cyclin D1 ta curHajabHUA apeluT KJli-
TUHHOTO IIMKJIy MYTOBaHUM aTaKCisl-TeJIaHTieKTa3UBHUM
uusixom (ATM) [13]. TIpu KopOoTKOCTpoKOBOMY (ppak-
IifHOMY ompoMiHeHHi KyabTypu KiiTuH HepG2 and
Hela y no3i 0,5 Gy BinOyBaeTbhcs rinepexcnpecist Cyclin
D1 6e3 ammmidikanii CCNDI rena [14]. I1pu cymapHOMy
OnpoMiHeHHi B 103i 6 Ip nmpotsarom 9 nHIB y eKCIIepuMeH-
TaJbHUX TBAPUH (PIKCYETHCS 3HAUYIIIE 30UTbIIIEHUI PiBEHDb
Cyclin D1 mRNA Ha TJ1i 3MeHIIEHHSI KiJIbKOCTi rpaHyJIo-
muTiB (p < 0,05) y mOpiBHSIHHI 3 HEOITPOMiHEHUMHU TBapU-

Obtained data reconcile with modern results of
researches about changes in genes expression con-
trol cellcycle signaling, affection of that could be
outcome of IR influence. Experimental investiga-
tion shown, that single irradiation of culture cell
in a dose > 10 Gy initiate proteasomal ubitiquin-
dependent Cyclin D1 degradation and signal
ataxia-telangiectasia mutated (ATM) dependent
cell cycle arrest [13]. Short-term fractional irradi-
ation HepG2 and Hela culture cell in dose 0,5
Gy initiates of Cyclin D1 overexpression without
CCNDI1 gene amplification. Irradiation of
experimental animals in cumulative dose 6 Gy
induce rise level of Cyclin D1 mRNA against the
background of granulocytes number decrease
(p <0.05) in compare with group of non-irradiat-
ed animals, that determines Cyclin D1 as an addi-
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Hamu, 110 Bu3Havae Cyclin D1 gk momatkoBuii dakTop
¢dopMyBaHHSI paaioiHAyKOBaHOI iMyHomenpecii [15].

binmox (Polynucleotide Kinase 3’-Phosphatase) rena
PNKP 19q13.33 nokycy kataiizye 5 dhochopuiroBaHHS
Ta 3’ necpochoputoBaHHS HYKJIETHOBUX KUCJIOT Y BillIo-
Binb Ha gito IB Ta okucHMIA cTpec, B TOMY YMCII i1 pamio-
iHAyKOBaHUii. BiH 6epe ydacTb y LjIs1XaxX HErOMOJIOT YHO-
ro npueaHanHs KiHuiB JIHK i BigHOBIeHHST BUmaieHUX ii
OCHOB Ta 3aJTy4ya€ThCsl Yy MEXaHi3MU KiHAa3HO-TIOB’I3aHOI1
peryysiiil KJITUHHOTO LUKJTY Tpu npoxomkeHHi G1 ¢a-
30BOI KOHTPOJIbHOI TOYKM MiTO3y. MyTallisi bOro reHa
ACOLIIIOETHCST 3 HE3BOPOTHUMMU HEBPOJIOTIYHUMU pO3Jia-
JaMM — Mikpoliedalielo, HeBUIIKOBHUMU HalagaMuy Ta
3aTPUMKOIO PO3BUTKY [16]. PNKP-3anexHuili MexaHizm
penapauii JJHK ictoTHO uyTinuBuii 10 pagialiiiHOTO yii-
komxeHHs. [TokaszaHo, 1o 1B aktuBye dochopunoBan-
Hst PNKP 6inka nio Syrl14 ta Syr126 3amumkax ATM-3a-
JexHuMm 1a JIHK-npoTeiHKiHa3HMMU 1IJTISIXaMU, TUM ca-
MUM iHili}O€ MOro BiIHOBIIOBAJbHY [il0 110J0 OJHO- Ta
nBoJjanuorosux po3pusiB JHK. ITpote myrariii 6inka in
Vitro TI0 X aMiHOKUCIOTHUX caiitax npurHiuye JTHK-
KiHa3Hy Ta ¢ocdara3zHy aKTUBHICTb i 3HUXYE HOTro
adinnicts 1o JJHK [17], a ekcripecis PNKP reHa € He-
00XimHMM MexaHi3MoM pemnapaiiii po3puBiB JHK,
iHiL[IlOBaHUX OKUCHUM cTpecoMm [18], 1mo 30iablIye
CTiMKiCTh KJIITUH LIOA0 OKMCHOTO TnoiukomkeHHs JTHK.

Takum ynHOM, BUSIBJIEHI 3MiHU CBigyaTh, 10 B YJIHA
Ha YAEC, onpominenux y nosi > 0,1 Ip, y BinnaneHomy
nicjasiaBapiiitHOMy TIepiofi HaCHiIKA OMPOMiHEHHS
30epiraloTb CBOIO 3HAUYMMICTb Y MOPYLIEHHSIX eKCIpecii
Cyclin DI, gxi acomwiloloTbCs 3 HaNpy:KeHHSIM iMYHO-
KOMITEHCATOPHUX MEXaHi3MiB y CYIpPOBOIi TillOeK-
cnpecii reHiB CCND1 i PNKP Ta IOSIBU CTPeC-3aJIEXXHUX
LUTOIATOJOTIYHUX 3B’ S13KiB, 1110 301JIbLIYE PU3UKU PO3-
BUTKY NYXJIMHHOI MATOIOT1.

BUCHOBKU

1. B YJIHA na YAEC, onpomiHeHux y nosi > 0,1 Ip,
3agpikcoBano 30impmeHHS BigcoTKy Cyclin D1+ ximituH
y MOHOHYKJIeapax repudepruyHoi KpoBi BiTHOCHO KOHT-
postto, sIKe Ma€ 10303alIexXXHU xapakTep. PiBeHb Cyclin
D1+ xiitun B YJIHA Ha YAEC kopensuiiiHO NoB’s-
3Y€EThCA 3 103010 ornmpoMiHeHHs (rs = 0,417, p = 0,048),
1110 € 03HAKOIO aCOIlii0BAaHOTO 3 103010 ITOPYILIEHHS Me-
XaHi3MiB KJIITUHHOTO LIMKJTY.

2. Bigxunenns piBus Cyclin D1+ xaituH y nepude-
puuHiit kpoBi YJIHA Ha YAEC 3a MexXi KOHTPOJTBHUX
3HA4YeHb TMOB’SI3YETHCS 3i CTAHOM KJIITUHHOTI'O Ta T'yMO-
paJbHOTO iMYHITEeTy. 3MeHIIeHHsI BiacoTKy Cyclin
D1+ xuituH y oci6, onpoMiHeHux B mo3i <0,35 Ip,
CYITPOBOKYETbCA 3HMXEHHSIM BinmcotrkiB CD3+ Tta

(1) 280

tional factor of radiation induced immunosup-
pression [15].

Protein (Polynucleotide Kinase 3’-Phosphatase)
PNKP gene (19q13.33) catalyzes nucleic acids 5
‘phosphorylation and 3’phosphorylation in
response to oxidative stress include radiation-
induced. It involvs in DNA non-homologous end-
joining and discarded its bases restoring pathways
and involved in kinase-related regulation of the cell
cycle checkpoint control and mitotic G1/S transi-
tion. Mutation of this gene is associated with irre-
versible neurological disorders — microcephaly,
incurable attacks and developmental delay [16].
PNKP-dependent mechanism of DNA repair sig-
nificantly sensitive to radiation damage. It is
shown, that IR activates PNKP protein phosphory-
lation on Syr114 Syr126 residues by ATM-depend-
ent protein kinase and DNA protein-kinase path-
ways, thereby initiates its renewing action toward
single- and double-stranded DNA breaks. This
protein mutation on these aminoacid sites in vifro
inhibits it DNA kinase and phosphatase activity
and reduces its affinity to DNA [17], and PNKP
gene expression is a nessesary mechanism of DNA
repair in respond to oxidative stress, which increas-
es cell resistance to oxidative DNA damage [18].

Thus, the detected changes indicate that conce-
quences of IR exposure at doses over 0.1 Gy in the
Chornobyl accident clean-up workers remail sig-
nignificant in affection of Cyclin D1 expression,
which associates with strain in immunocompen-
satory mechanisms following CCNDI and PNKP
genes hypoexpression and apearence of cytopatho-
logical stress-dependent bonds, that can increase a
risks of tumorogenesis.

CONCLUSIONS

1. The increased level of peripheral blood Cyclin
D1+ mononuclears have been registrated in clean-
up workers of Chornobyl accident exposed in
doses > 0.1 Gy against control on dose-dependent
manner. Cyclin D1 + cells persentage correlets
with dose (rs = 0.417, p = 0.048) in these subjects,
that could be a sign of radiation-associated cell
cycle mechanism impairment.

2. Deflection of normal range the peripheral blood
Cyclin D1+ cells level in clean-up workers from
connects with the state of cellular and humoral
immunity. Decline of Cyclin D1+ cells relative
amount below the control level accompanies as
CD3+ lymphocytes decrease as CD3-16+56+ ele-
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nigsuineHHaM CD3-16+56+ niMdoLuTiB; 30iabLIEH-
Hg BigcoTKy Cyclin D1+ kiiTuH, siKe BUSIBJIEHO B OI-
poMmiHeHux y mo3i > 0,35 Ip, acolritoeTbesd 3i 3HMKEH-
HaM CD3+ Ta TeHIeHIli€l0 1I0J0 3HUXEHHS
CD3+16+56+ nimdonuTiB y moenHaHHi 3i 301JIbIIEH-
HsaM piBH# IgG.

3. 36inbuieHHs 3a HopMy piBHIB CD4+, CD19+, Ireg.
Ta IgG CcynmpoBOIXYETHCS TOSIBOIO KOPEISALUiMHUX
3B’a3kiB Mix Cyclin D1+ ta CD3-16+56+ kiiTuHaMu
(rs = -0,872, p = 0,049), Cyclin D1+ ta CD8+ i IgG
(rs = 0,683, p = 0,042; rs = 0,809, p = 0,014), Cyclin
D1+ ta CD4+ (rs = 0,602, p = 0,029), Cyclin D1+ T1a
CDI19+ i IgM (15 = 0,604, p = 0,017; rs = 0,538, p =
0,038), BimmoBimHO, 11O 30iAbIIYE WMOBIPHICTH MOPY-
LLIEHHST MEXaHi3MiB KJIITUHHOIT KOMYHiKallii, aHTUTLIOYT-
BOPEHHS Ta eJliMiHalIil TaToreHa.

4. B YJIHA na YAEC, onpominenux y nosi > 0,1 Ip, Bu-
SIBJICHO 3HMXKEHHSI BiIHOCHOTO piBHSI €KCIIpecil reHiB
CCNDI ta PNKP na ¢oHi TIOSBM HETaTUBHUX KOpe-
nauiinux 3B’s13KiB Mixk RQ PNKP i 103010 OIpOMiHEH-
Hs (rs = -0,638, p = 0,035) ta RQ PNKP i pisaeMm Cyclin
D1+ xuituH (rs = -0,792, p = 0,034), 1110 BKa3ye Ha Ha-
SIBHICTB CTiKMX pamianiitHo-moB’s13annx Cyclin D1-3a-
JIeXXHUX 3MiH B MexaHizmax G1/S ¢azoBoro mepexomy
KJIITUHHOTO IIUKJTY Ha TJIi O3HaK MPUTHIYEHHS MPOLECiB
penapaiiii.
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vation in clean-up workers exposed in dose < 0,35
Gy. Increase of Cyclin D1+ cells relative amount
above the control range associates with CD3+ fall
together with tendency to fall of CD3+16+56+
lymphocytes that attends the IgG elevation in
examinees’ subjects with dose >0,35 Gy.

3. Increased CD4+, CD19+, Ireg., IgG levels is fol-
lowed by onset of correlations between Cyclin D1+
and CD3-16+56+cells (rs = -0.872, p = 0.049),
Cyclin D1+ and CD8+ and also IgG (rs=0.683, p =
0.042; rs=10.809, p =0.014), Cyclin D1+ and CD4+
(rs=10.602, p=10.029), Cyclin D1+ and CD19+ and
IgM (rs = 0.604, p = 0.017; rs = 0.538, p = 0.038)
correspondently, which increases the likelihood of
cell communication and also antibody production
and pathogen elimination mechanisms impairment.

4. The hypoexpression of CCND 1 and PNKP genes
in following of negative correlations between RQ
PNKP and dose (rs = -0,638, p = 0,035) and
between RQ PNKP and Cyclin D1+ cells level
(rs =-0,792, p=0,034) is found in clean-up work-
ers exposed in doses > 0.1 Gy, that points on pres-
ence of Cyclin D1-dependent changes in mecha-
nisms of G1/S phase transition on a ground of
reparation prosess damage signs that are associat-
ed with ionizing radiation influences.

REFERENCES

1. The Ministry of Health of Ukraine. [Press-release: 27-years after
Chornobyl tragedy for Parliament proceedings entitled: About
state, actions and perspectives of Chornobyl disaster remedial
consequences] [Internet]. Kyiv; 2013. 6 p. Available from: ko-
mekolog.rada.gov.ua/.../docu-ment?id=47067. Ukrainian.

2. Buzunov VO, Tereshchenko VM, Strij NI. [Non-tumor morbidity
and mortality rate in clean-up workers of Chornobyl accident]. In:
Vozianov AF, Bebeshko VG, Bazyka DA, editors. [Medical conse-
quences of the accident in Chornobyl nuclear power plant]. Kyiv:
DIA; 2007. p. 422-36. Ukrainian.

3. Kopnin BP. [Oncogene and tumor suppressor targets: key to
understanding base mechanisms of cancerogenesis].
Biochemistry (Moscow). 2000;65(1):5-33. Russian.

4. Diehl JA, Zindy F, Sherr CJ. Inhibition of cyclin D1 phosphory-
lation on threonine-286 prevents its rapid degradation via the ubig-
uitin-proteasome pathway. Genes Dev. 1997;11(8):957-72.

5. Fukami-Kobayashi J, Mitsui Y. Cyclin D1 inhibits cell prolifera-
tion through binding to PCNA and cdk2. Exp Cell Res.
1999;246(2):338-47.

6. Pestell RG. New roles of cyclin D1. Am J Pathol. 2013;
183(1):3-9.

7. Dao T, Korontsvit T, Zakhaleva V, Haro K, Packin J, Scheinberg
DA. Identification of a human cyclin D1-derived peptide that

281 ‘&



KJTIHIYHI

AOCNIAXKEHHA

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

8. Cyclin D as a therapeutic target in cancer / E. A. Musgrove, C. E. Caldon,
J. Barraclough [et al.] // Nat. Rev. Cancer. — 2011. — Vol. 11, no. 8. — P.
558-572.

9. Overview of cyclins D1 function in cancer and the CDK inhibitor land-
scape: past and present / M. C. Casimiro, M. Velasco-Vel?zquez, C.
Aguirre-Alvarado, R. G. Pestell // Expert. Opin. Investig. Drugs. — 2014. —
Vol. 23, no. 3. — P. 295-304.

10. Cyclin D as a therapeutic target in cancer / E. A. Musgrove, C. E.
Caldon, J. Barraclough [et al.] // Nat. Rev. Cancer. — 2011. — Vol. 11. —
P. 558-572.

11. Jlanr T. A. Kak onucbiBatb CTaTUCTUKY B MeuLMHE. AHHOTUPOBaHHOE
PYKOBOLCTBO /719 aBTOPOB, PeAakTopoB 1 peueH3eHToB / T. A. Jlaur, M. Ce-
CYK ; nep. ¢ aHr. nog pex. B. M. JleoHosa // M. : lpakTnyeckas Meamum-
Ha, 2011. — 480 c.

12. Borghesi L. From B cell to plasma cell / L. Borghesi, C. Milcarek //
Immunol. Res. — 2006. — Vol. 36, no. 1-3. — P. 27-32.

13. Santra M. K. F-box protein FBXO31 mediates cyclin D1 degradation to
induce G1 arrest after DNA damage / M. K. Santra, N. Wajapeyee, M. R.
Green // Nature. — 2009. — Vol. 459. — P. 722—-725.

14. Acquired radioresistance of human tumor cells by DNA-
PK/AKT/GSK3beta-mediated cyclin D1 overexpression / T. Shimura, S.
Kakuda, Y. Ochiai [et al.] // Oncogene. — 2010. — Vol. 29. — P. 4326—4837.
15. Effect of the Jianpi Bushen Prescription on expressions of the Wnt3a
and Cyclin D1 genes in radiation-damaged mice / D. C. He, J. J. Xiao, Y.
Zhang [et al.] // Genet. Mol. Res. — 2013. — Vol. 12, no. 4. — P.
4137-4146.

16. Mutations in PNKP cause microcephaly, seizures and defects in DNA
repair / J. Shen, E. C. Gilmore, C. A. Marshall [et al.] // Nat. Genet. —
2010. — Vol. 42, no. 3. — P. 245-249.

17. Phosphorylation of polynucleotide kinase/phosphatase by DNA-
dependent protein kinase and ataxia-telangiectasia mutated regulates its
association with sites of DNA damage / A. E. Zolner, I. Abdou, R. Ye [et
al.] // Nucleic Acids Res. — 2011. — Vol. 39, no. 21. — P. 9224-9237.
18. Molecular cloning of the human gene, PNKP, encoding a polynu-
cleotide kinase 3’-phosphatase and evidence for its role in repair of DNA
strand breaks caused by oxidative damage / A. Jilani, D. Ramotar, C. Slack
[etal.] // J. Biol. Chem. — 1999. — Vol. 274, no. 34. — P. 24176—-24186.

induces human cytotoxic CD4 T cells. PLoS One. 2009 Aug
25;4(8):¢6730. doi: 10.1371/journal.pone.0006730.

8. Musgrove EA, Caldon CE, Barraclough J, Stone A, Sutherland
RL. Cyclin D as a therapeutic target in cancer. Nat Rev Cancer.
2011 Jul 7;11(8):558-72. doi: 10.1038/nrc3090.

9. Casimiro MC, Velasco-Velazquez M, Aguirre-Alvarado C, Pestell
RG. Overview of cyclins D1 function in cancer and the CDK
inhibitor landscape: past and present. Expert Opin Investig Drugs.
2014;23(3):295-304.

10. The role of cyclin D1 in response to long-term exposure to ion-
izing radiation / T. Shimura, M. Fukumoto, N. Kunugita // Cell
Cycle - 2013. - Vol.12, Issue 17 - P. 2738-2743.

11. Llang TA, Secic M. How to report statistics in medicine:
Annotated guidelines for authors, editors and reviewers. Second
ed. Philadelphia: American College of Physicians; 2006. 490 p.
12. Borghesi L, Milcarek C. From B cell to plasma cell. Immunol
Res. 2006;36(1-3):27-32.

13. Santra MK, Wajapeyee N, Green MR. F-box protein FBXO31
mediates cyclin D1 degradation to induce G1 arrest after DNA
damage. Nature. 2009 Jun 4;459(7247):722-5. doi:
10.1038/nature08011.

14. Shimura T, Kakuda S, Ochiai Y, Nakagawa H, Kuwahara Y,
Takai Y, et al. Acquired radioresistance of human tumor cells by
DNA-PK/AKT/GSK3beta-mediated cyclin D1 overexpression.
Oncogene. 2010  Aug 26;29(34):4826-37. doi:
10.1038/0onc.2010.238.

15. He DC, Xiao JJ, Zhang Y, Lin H, Ding XJ, Tu Y. Effect of the
Jianpi Bushen Prescription on expressions of the Wnt3a and Cyclin
D1 genes in radiation-damaged mice. Genet Mol Res. 2013 Oct
3;12(4):4137-46. doi: 10.4238/2013.

16. Shen J, Gilmore EC, Marshall CA, Haddadin M, Reynolds JJ,
Eyaid W, et al. Mutations in PNKP cause microcephaly, seizures
and defects in DNA. Nat Genet. 2010;42(3):245-9.

17. Zolner AE, Abdou I, Ye R, Mani RS, Fanta M, Yu Y, et al.
Phosphorylation of polynucleotide kinase/phosphatase by DNA-
dependent protein kinase and ataxia-telangiectasia mutated regu-
lates its association with sites of DNA damage. Nucleic Acids Res.
2011 Nov;39(21):9224-37. doi: 10.1093/nar/gkr647.

18. 18. Jilani A, Ramotar D, Slack C, Ong C, Yang XM, Scherer
SW, et al. Molecular cloning of the human gene, PNKP, encoding
a polynucleotide kinase 3'-phosphatase and evidence for its role in
repair of DNA strand breaks caused by oxidative damage. J Biol
Chem. 1999;274(34):24176-86.

Cmamms Haditiwna do pedakuii 2.09.2015

Received: 2.09.2015

(1) 282



