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AHAJII3 3MIHU METUJIIOBAHHS THK ITPU MAHI®ECTAIIII
ITPAMOI'O I 3BBOPOTHOI'O E®EKTIB CBI/IKA

Merta: gocniguti 3miHuM metunioBaHHsa [HK B KniTMHax-cBigKax Ta KNiTMHAX-iHAYKTOpax npu MaHidecTayii npsamoro i
3BOPOTHOTO eeKTiB CBifKa.
MeTtoau. Okpeme Ta CyMiCHO-pO3AinbHe KyNnbTUBYBaHHA niMbounTie nepudepuyHoi kposi (JINK) 10 ymoBHO 3g0po-
BUX 0Ci6; onpoMiHeHHs y-kBaHTamu (BunpomiHioBay IBL-237C); mogudikoBaHMit METOL KOMETHOMO eneKTpodopesy
(Comet assay) B HelMTpanbHKUX YyMOBAX 3 BUKOPUCTAHHAM YyTIMBOIO A0 MeTWUNIOBAHHA (epMeHTy pecTpukuii Hpall;
NIOMiHECLeHTHa MiKPOCKOMis 3 aBTOMAaTM30BaHOI0 CUCTEMOK KOMN IOTEPHOIO NPOrpamMHoro 3abe3neyeHHs aHanisy pe-
3yNbTATiB; CTATUCTUYHI MeTOAM.
Pesynbratu. PiseHb metunioBaHHa JHK y nimdoumntax nepudepuyHoi kposi (JINMK) kinbkicHo ouiHioBanu 3a nokas-
Hukamu mirpauii IHK B arapo3Huit renb: goBxuHa xsocta «komeTu» (y Mkm), BigcoTka JHK y XBOCTOBIt YacTMHi «Ko-
meTu» Ta Tail Moment (TM), wo ofHoyacHo BpaxoBye AK KinbKicTb HK y XBOCTOBi YaCcTUHI «KOMETUY», TaK i JOBXMU-
Hy xBocTa. MNpu okpemomy kynetuByBaHHi JIMK, onpomiHeHux y-kBaHTammu (go3a 1,0 p, noTyxHictb 2,34 Ip/xB), Bia-
MiYeHO LOCTOBipHE 3HUKEHHSA CepefjHiX 3Ha4YeHb NOPiBHAHO 3 HEONPOMiHEHUM KOHTPOJIEM NOKA3HUKIB AOBXKMUHN XBOC-
Ta «komeT» ((57,03 + 1,17) mkm npotu (66,64 + 2,03) mkm; p < 0,001) Ta Tail Moment (67,77 + 1,22 npoTu 85,06 + 2,30;
p <0,001), o MOXe BKa3yBaTh HA 3MEHLIEHHA KiNbKOCTI CaliTiB pecTpuKLii meTun-4ytineoi pectpuktasu Hpall Ta, sk
Hacnifok, 36inbleHHs piBHA mobanbHoro metunioBaHHa QHK. Mpu peanizauii npsamoro edekTy cBigKa B KNiTMHAaX-
CBiAKax 3pocTtae piBeHb nowkomkeHb JHK, 1wo no3HayaeTbca JOCTOBIPHEM 3HUKEHHAM CepefiHiX 3Ha4eHb NOKa3HM-
kiB: BigcoTka [HKy xBocTOBi YacTuHi «komeT» (p < 0,001), ROBKMHM XBOCTOBOT YacTHM (p < 0,001) Ta TailMoment
(p < 0,001) nopiBHAHO AK 3 HEONPOMiHEHUM KOHTpOAeM, TaK i onpomiHeHumu JINK npu okpemomy KynbTMBYBaHHI, i
CBiAYMUTL NPO 3POCTAHHSA PiBHA M06aNbHOrO METUNIOBAHHSA. Tak caMo, K i B OMPOMiHEHUX KynbTypax NiMQOLNTIB, AKi
KYNbTUBYBANMUCh OKPEMO, B KNiTUHAX-IHAYKTOPAX CNOCTEpirany JOCTOBipHE 3HUKEHHS CEpefiHiX 3HauYeHb NOKAa3HUKIB
LOBXWHM XBOCTOBOT YacTuHM (p < 0,01) Ta TailMoment (p < 0,001) NOpiBHAHO 3 KOHTPONEM, WO MOXe BKa3yBaTh Ha
3MEHIWEHHS KiNIbKOCTi CaliTiB pecTpuKLii Ta 36iNbleHHs piBHA rmobanbHoro metunioBaHHa JJHK BHacnigok onpomiHeH-
He. MiX KNiTUHAMU-THAYKTOPAMM Ta ONPOMiHEHUMM KNiTUHAMM, AIKT KYNbTUBYBANNCL OKPEMO, He BU3HAUYeHO pi3HML 3a
cepeaHiMM 3HAaUEHHAMM BCiX [OCNiIAKYBAHWX NOKa3HKKiB: BiacoTka [IHK y xBocToBii yacTuHi komeT (p > 0,05), LOBXMK-
HU XBOCTOBOT YacTuHu (p > 0,05) Ta TailMoment (p > 0,05), Wo MoXe CBIAYMTH NPO BiACYTHICTb 3MiH PiBHA METUNIOBAH-
Hs [HK npu BNauBi HeonpoMiHeHOT KyibTypy HAa ONPOMiHEHY MPU CyMiCHO-PO3AiNbHOMY KY/IETUBYBAHH.
BucHOBOK. P03BUTOK NpAMOro edeKTy CBiAKa CynpoOBOAXKYETLCA €NireHeTUYHUMU 3MiHAMMU, WO NPABAAIOTLCA 3POC-
TaHHAM piBHA meTuntoBaHHa [HK B kniTuHax-ceigkax. BogHoyac B KNiTMHax-iHAYKTOpax 3MiH PiBHA METUNIOBAHHS
[JHK He BM3HAuYeHO, WO CBIAYMTb NPO BiACYTHICTb NPOABIB 3BOPOTHOrO eeKTy CBifjKa Ha enireHeTUYHOMY PiBHi.
KniouoBi cnoBa: cymicHO-pO3finbHe KyAbTUBYBAHHA NiMAOUMTIB NIOLUHM; 10HI3yl0ue BUNPOMiHIOBAHHA; NpsAMMIi Ta
3BOPOTHUI edheKkTn CBiAKa; MeTun-yytnuemuii Comet assay.
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ANALYSIS OF DNA METHYLATION CHANGES IN MANIFESTATION
OF DIRECT AND RESCUE BYSTANDER EFFECTS

Objective: to investigate changes in DNA methylation in bystander and inducer cells during the manifestation of
direct and rescue bystander effects.
Methods. Separate and co-cultivation of peripheral blood lymphocytes (PBL) of 10 conditionally healthy individu-
als; y-quantum irradiation (IBL-237C emitter); modified comet electrophoresis method (Comet assay) under neutral
conditions using the methylation-sensitive restriction enzyme Hpall; fluorescence microscopy with an automated
computer software system for analyzing the results; statistical methods.
Results. The level of DNA methylation in PBL was quantitatively assessed using DNA migration parameters in
agarose gel: the length of the comet tail (in pm), the percentage of DNA in the tail part of the comet, and Tail
Moment (TM), which simultaneously takes into account both the amount of DNA in the tail part of the comet and
the length of the tail. In separate cultivation of PBL irradiated with y-quanta (dose 1.0 Gy, power 2.34 Gy/min),
a reliable decrease in the average values compared to the non-irradiated control was noted for the length of the
«comet» tail ((57.03 + 1.17) um versus (66.64 + 2.03) um; p < 0.001) and Tail Moment (67.77 + 1.22 versus
85.06 + 2.30; p < 0.001), which may indicate a decrease in the number of restriction sites of the methyl-sensitive
restriction enzyme Hpall and, as a consequence, an increase in the level of global DNA methylation. When the
bystander effect is realized, the level of DNA damage in bystander cells increases, while there is a significant
decrease in the average values of the following parameters: the percentage of DNA in the tail part of the «comets»
(p<0.001), the length of the tail part (p<0.001) and TailMoment (p<0.001) compared to both the non-irradiated
control and irradiated PBLs in separate cultivation, and indicates an increase in the level of global DNA methylation.
As in irradiated lymphocyte cultures cultured separately, in inducer cells a reliable decrease in the mean values of
tail length (p < 0.01) and TailMoment (p < 0.001) was observed compared to the control, which may indicate a
decrease in the number of restriction sites and an increase in the level of global DNA methylation as a result of irra-
diation. Between inducer cells and irradiated cells that were cultured separately, no difference was found in the
mean values of all the studied parameters: the percentage of DNA in the tail part of comets (p > 0.05), tail length
(p > 0.05) and TailMoment (p 0.05), which may indicate the absence of changes in the level of DNA methylation
when a non-irradiated culture is exposed to an irradiated one during co-cultivation.
Conclusion. The development of the direct bystander effect is accompanied by epigenetic changes, which are char-
acterized by an increase in the level of DNA methylation in bystander cells. At the same time, in inducer cells,
changes in the level of DNA methylation were not determined, which indicates the absence of manifestations of the
reverse bystander effect at the epigenetic level.
Key words: joint/separate cultivation of human lymphocytes; ionizing radiation; direct and reversed bystander
effects; methyl-sensitive Comet assay.
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BCTVYII

[ist ioHi3yl04o01 paaiaiii Ha 6ioJoriyHi 06’ €KTU XapakTe-
PUBYETHCS MPOSIBOM SIK MillleHeBUX, TaK i HeMillleHEBUX
edekTiB. ¥ 1992 poui B cBoiil criiibHiil po6oti H.
Nagasawa Ta J. B. Little Bnepuie onucanu pagiamiiHo-
iHgykoBaHU eekT cBigka (radiation induced bystander
effect — RIBE) [1], sxuii B ocTaHHi JecATUPIYYS € OJI-
HUM 3 HaOIIBII JOCTiIKYBAHUX padialliiiHO iHIyKOBa-
HUX HeMilleHeBUX edekTiB. Takuii BeIuKuii iHTepec 10
MaHidecralii egekTy cBiika 0OYMOBJIEHO 3HAUYCHHSIM,
SIKMI BiH Mae€ JJisl IPOrHO3YBaHHS BigJaJIeHMX HACJIi-
KiB OMPOMiHEHHS JIIOIUHMU.

EdexTt cBigka xapakTepu3yeThCs 30aTHICTIO KIIITUH-Mi-
LLIEHEeH, MOLIKOIKEHUX i0Hi3yI0OUMM BUITPOMiHIOBAHHSIM,
IHAYKYyBaTU BTOPUHHI 0iOJIOTiUHI 3MiHM B HEOIIPOMiHE-
HUX KJliTuHax-peunnienTax [2—6]. Icnysanns RIBE no-
BEJIEHO IpHW il ILIUTbHO- Ta PiIKOiOHI3yIOUMX BWHII-
pOMiHIOBaHb B Aiana3oHi 103 Bix 5,0 mIp oo 10,0 Ip [6—8].

OcHoBHuMu uymHHMKamMu RIBE BBaxkaioThcs Liu-
tokinu (30kpema, TGF-B, TNF-a, IL-8, IL-6); BTO-
puHHi ctpec-MeceHmxepu (NO, H»0,); 6e3kmiTUHHI
xpoMaTnHOBI yacTuHKM (cfCh) Ta mo3axiitnaHa JHK,
BUBLIbLHEHI BHACJIJOK allolNTo3y paaiouyyTJIMBUX KIIi-
TUH-MillleHei a00 MaJlirHi3oBaHUX KJIiTUH [9—14].

V BinnoBizi KJIiTUH Ha TEHOTOKCUYHUI CTPEC BAXKIJIUBY
poOJIb BiJlirpae emireHeTM4YHa cKjagoBa. MeTuIroBaHHS
JHK € BaxyiuBuM 3aro0i>KHUKOM abepaHTHOI IFeHHOI1
AKTUBHOCTI Ta OJHUM 3 TOJIOBHUX YMHHUKIB peTyJIsIii
TEeHHOI eKcIIpecii. AKIIo IMTO3UH, 10 SKOTO Y MO3MIIil 5
3a JIOMTOMOT0I0 MeTUATpaHC(epa3u NpueaHaHa METUIIO-
Ba rpyra, 3HaxoJuThCsl B MPOMOTOPHIiA YaCTUHI reHa,
TPaHCKPHUIILLisI 1IbOTO I'eHa MOBHICTIO 0JIOKY€eThcsl. Hari-
pUKIIajd, TTOBHE FeHHE 3aMOBYaHHS BHACIiJOK METUIIO-
BaHHs JIHK Bigirpae kJjmo4oBy poJib y OJOKYBaHHI aK-
TUBHOCTI TpaHcno30HIB LINE, siki cymMmapHO CKJ1agaioTh
maiixe 20 BigcoTkiB reHomMy moauHu [15]. Kpim Toro,
metumoBaHHs JJHK B gingHkax 3 Majaol HIIJIbHICTIO
IeHiB, 30KpeMa, B AUISTHKAaX NPULEHTPOMEPHOrO reTe-
pOXpOMaTHHY, € BaXXJIMBUM €JIEMEHTOM CTalOili3alii
CTPYKTYpH, MiATpUMaHHSI KOH(opMalii i ILidicHOCTI
xpomocowm [16, 17].

B Hammx nmonepeaHix 10CHiIKeHHsIX 0y10 BU3HAYEHO,
1110 aKTUBallisl TeHiB pemnapallii, Cynpecii, aronToasy, sika
BiZOYBAa€TbCSI Y TMOIIKOIXEHUX i1OHI3YIOUMM BHII-
POMiHIOBaHHSM JiM@oLuTax nepruhepruIHoi KpoBi Jro-
IWHU, CYIIPOBOKYETHCS KOJIMBAHHSIM PiBHS METUJIIO-
Banuga JJHK [18].

IIpu peanizanii edexkTy cBigka B KIiTMHaX-CBigKax
3pocTtae piBeHb noukomkeHb JIHK, 1mo € Haciinkom
MiABUILIEHHSI KOHLIEHTpallii CTpec-MeceHIXepiB. 3poc-
TaHHS PiBHSI TEHOMHMX MOLIKOMXEHb Y KJIIITUHAX-CBil-

INTRODUCTION

The manifestation of target and non-target effects
characterize the impact of ionizing radiation on
biological objects. In 1992, in the joint work of H.
Nagasawa and J.B. Little first described the radia-
tion-induced bystander effect (RIBE) [1], which
has been actively studied for the last thirty years.
Such a great interest in the bystander effect is due
to its importance for predicting the long-term
consequences of human exposure.

The bystander effect is characterized by the abil-
ity of target cells damaged by ionizing radiation to
induce secondary biological changes in non-irra-
diated recipient cells [2—6]. The existence of
RIBE has been proven under the action of densely
and rarely ionizing radiation in the dose range
from 5.0 mGy to 10.0 Gy [6—38].

Cytokines (particularly TGF-, TNF-a, 1L-8,
1L-6); secondary stress messengers (NO, H»0,);
cell-free chromatin particles (cfCh) and extracel-
lular DNA released due to the death of radiosensi-
tive target cells or malignised cells are considered
to be the main factors of RIBE [9—14].

The epigenetic component plays a key role in the
response of cells to genotoxic stress. DNA methy-
lation is an important preventive measure against
aberrant gene activity and one of the main factors
in the regulation of gene expression. If a cytosine,
to which a methyl group is attached in position 5
with the help of a methyltransferase, is located in
the promoter part of the gene, the transcription of
this gene is completely blocked. For example,
complete gene silencing through DNA methyla-
tion plays a key role in blocking the activity of
LINE transposons, which collectively make up
nearly 20 percent of the human genome [15]. In
addition, DNA methylation in areas with low gene
density, in particular, in areas of near-centromeric
heterochromatin, is an important element of stabi-
lizing the structure, maintaining the conformation
and integrity of chromosomes [16, 17].

Our previous studies have shown that activation
of genes involved in repair, suppression, and apop-
tosis, occurring in human PBLs damaged by ion-
izing radiation, is accompanied by changes in
DNA methylation levels [18].

When the bystander effect is realized, the level of
DNA damage increases in bystander cells, which is
a consequence of the increased concentration of
stress messengers. The increase in the level of
genomic damage in bystander cells, in turn, caus-
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KaxX, B CBOIO Yepry, BUKJIMKAE MOCUJICHHS perapaTuBHOL
Ta alIONTUYHOI aKTUBHOCTI. JIOMYHUM YSIBIISIETHCS MPO-
BEICHHS NOCIIIXEHb IIOAO 3’SICYBaHHS SIKMM YMHOM
MPOSIBU MIPSIMOTO Ta 3BOPOTHOTO e(heKTY CBiJIKa BILJIMBA-
10Th Ha piBeHb MeTwIoBaHHS JIHK, uu € BinMiHHICTh B
nokasHukax MetuaoBaHHs JJHK okpemMo onpoMiHeHUX
KJIITUH, KJTITUH-IHAYKTOPiB Ta KJIiTUH CBilKiB.

META

Hocaigut 3Minu MetwmoBaHHda JHK B kiiTmHax-
CBiIKaxX Ta KIITWHaX-iHAYKTOpax NpHW MaHidecTalii
MPSIMOTO i 3BOPOTHOTO e(heKTiB CBigKa.

MATEPIAJI TA METOIU TOCIIII2KEHDb
Y nociimXeHHiI BUKOPUCTaHI 3pa3KM IiJIbHOI KpPOBI,
OJiep>XaHi Bifl AECATHOX YMOBHO 3[I0POBUX BOJOHTEPIB (7
XKiHOK, 3 4os0Bikun) Bikom 20—51 pokiB, cepeaHiil BiK -
31 pik. Yci ocobu 3amepedyBajii CBiIOMUIT KOHTAaKT 3
BiIOMUMM YUY MOTEHLIIHHUMU MyTareHaMu Ta BeJIU 3/10-
poBuii crioci0 XUTTs. Jlo y4acTi B TOCTiIKEHHSIX 0COOU
OyJM 3aJlydeHi JOOpOBLILHO Ta 3a YMOB MOiH(pOpMOBa-
Hoi 3roau. LinbHY KpoB foAaBaiu B KyJIbTypajabHe cepe-
nosuiie RPMIB1640 y ciiiBBigHoweHHi 1 : 10. YactunHa
3pas3KiB OyJia OMpOMiHEHa Y-KBaHTaMM (BUITPOMiHIOBaY
IBLB 237C, no3a 1,0 Ip, moTtyxHicTb 2,34 Ip/xB). Kynb-
TUBYBAHHSI OIIPOMIiHEHUX 1 HEOIPOMIHEHUX KYJBTYp
nimdouutiB nepudepuyHoi kposi (JITTK) npoBoaunoch
Y EMHOCTSX, PO3MiJeHUX MemOpaHoro 3 mnopamu 1,0
MKM, 10 3a000irajo nepeMilllyBaHHIO KJIiTHUH, aje 103-
BOJISLZIO TIPOXOAUTH Oi0JOTIYHO-aKTUBHUM PEUYOBUHAM.
3pa3ku KpoBi KyabTuByBanuch 48 ron npu 37 °C.
AHali3 craHy riao6anbHoro MmetuiatoBaHHs JHK B
JITIK nmpoBoauM 3 BUKOPUCTAHHSAM MOAM(pIKOBAHOIO
MeTony Tenb-enekTpodopedy okpemux KimitnH (Comet
assay) B HEUTpaJIbHUX YMOBaX 3 BUKOPUCTAHHSIM METHUJI-
yyTauBoro ¢hepmeHTy pectpukiiii Hpall [19]. BunineH-
Hs JiMdoumTiB y rpagieHTi wijbHocTi Histopaque 1077
(Sigma, USA) 3pilicHIOBaaM 3TiZHO 3 TTPOTOKOJIOM BH-
po6HKKa. OTpUMaHy CYCIIEH3i10 KJIITUH 3MilnyBaiu 3 1 %
JlerkoruiaBkoto araposoto (Sigma, USA) npu 37 °C.
ITpurotyBaHHS CaaiiaiB Ta Ji3UC KJIITUH 3AiICHIOBAINY 3a
3araJlbHOIIpUITHATOI0 MeTomukoro [20]. Ilicmsa misucy
KJIITUH CKEJbLS BiIMUBaIU y Oy(pepHOMY PO34YMHI, 110
cknagased 3 5-10° M TrisHCI, 5-10° M NacCl, 5-10* M
B-mepkanroeranony ta 1-10° M Na,EDTA. Hanani Ha
claiii HaHOCWJIM PO3YMH 3 (PEPMEHTOM PECTPUKIIil
(1,5 On. Hpall y 100 mxn oydepa Tango (Fermentas,
JIutBa) Ta iHKyOyBanu y Bojoriii kamepi ripu 37 °C y1i-
poaoBx 55 xB. Peakliito 3yluHSIIN 32 JOTTIOMOToIo 0yde-
pa TBE (89 MM Tris-borat, 2 MM EDTA, pH 7,5), micns

es an increase in reparative and apoptotic activity.
It seems logical to conduct studies to find out how
the manifestations of the direct and reverse
bystander effect affect the level of DNA methyla-
tion, and whether there is a difference in the DNA
methylation indices of separately irradiated cells,
inducers and bystander cells.

OBJECTIVE

The study objective was to investigate the changes
in DNA methylation in bystander cells and induc-
er cells under manifestation of the direct and res-
cue bystander effects.

MATERIALS AND METHODS
The study involved whole blood samples obtained
from ten conditionally healthy volunteers (7 wo-
men, 3 men) aged 20—51 years, with an average age
of 31 years. All individuals denied any conscious
contact with known or potential mutagens and led
a healthy lifestyle. Individuals were recruited for
the study voluntarily and provided informed con-
sent. Whole blood was added to the RPMIB1640
culture medium in a ratio of 1:10. Some of the sam-
ples were irradiated with y-quanta (IBLB 237C
emitter, dose 1.0 Gy, power 2.34 Gy/min).
Irradiated and non-irradiated cultures of peripher-
al blood lymphocytes (PBL) were cultivated in
containers separated by a membrane with 1.0 ?m
pores, which prevented cell mixing but allowed
biologically active substances to pass through.
Blood samples were cultured for 48 hours at 37 °C.
Analysis of the global DNA methylation pattern
in PBLs was performed using a modified method
of gel electrophoresis of individual cells (Comet
assay) in neutral conditions using the methyl-sen-
sitive restriction enzyme Hpall [19]. Isolation of
lymphocytes in Histopaque 1077 density gradient
(Sigma, USA) was carried out according to the
manufacturer’s protocol. The obtained cell sus-
pension was mixed with 1% low-melting agarose
(Sigma, USA) at 37 °C. Preparation of slides and
lysis of cells were carried out according to the gen-
erally accepted method [20]. Upon cell lysis the
slides were washed in a buffer solution of 5-10° M
TrisHCI, 5-10° M NaCl, 5-10* M [B-mercap-
toethanol and 1-10° M Na,EDTA. Then a solution
with a restriction enzyme (1.5 Hpall Units in 100
?1 Tango buffer (Fermentas, Lithuania)) was
applied to the slides and incubated in a humid
chamber at 37 °C for 55 min. The reaction was
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PuUcyHOK 1. «Kometu», wo yTBopoioTbca npu npoBeAeHHi MoandikoBaHOro MeToay KOMETHOro esiekTpodgo-

pe3y 3 BUKOpPUCTaHHAM (epmeHTy pecTpuKuii Hpall

Figure 1. «Comets» that are formed during a modified method of comet electrophoresis using the restric-

tion enzyme Hpall

yoro nposoauiau eiaekrpodopes y TBE Oydepi Bopo-
JoBx 7 xB mipu Temmnepatypi 4 °C, Harnpy3i 1 B/cm Ta
cwuii ctpymy 200 mA.

Hns Bizyanizauii pe3yabTaTiB ciaau (apbysaiu
DAPI (4’,6-diamidino-2-phenylindole) B KOHILIEHT-
pawii 2,0 MKr/MJ Bigpasy IIiciis enekTpocdopesy 0e3
dixcauii cnaiais. Ilepernsan cnaiaiB 3aiiicHIOBAIN 3a
JOMIOMOI0I0 JIIOMiHECLIEHTHOro Mikpockona Opton
Axioskop (Zeiss, Germany) 3 IpuegHaHOIO (pOTOKaMe-
poto Canon D1000. s mopasibiiioi 00poOKU pe3yJib-
TatiB oTpuMyBaiu dotorpadii 100 iHaMBiAYyaIbHUX
HYKJICOInmiB (T. 3. «<KOMeT») (puc. 1).

Junst kinbkicHoi ouinku mirpauii JIHK B arapo3nuii
reJib BUKOPUCTOBYBaIM ITOKAa3HUKHW MTOBXWHU XBOCTa
«koMmeTn» (y MkM), % JIHK y XBOCTOBIi1 YaCTHHIi «KO-
MeTu» Ta Tail Moment (TM), sikuii ofHOYACHO Bpaxo-
BYE siK KiJibKicTh JIHK y XBOCTOBI UaCTUHI «<KOMETU»,
TaK i JOBXMHY XBOCTOBOI YacTuHMU [22, 23].

AHaJ1i3 300pakeHb KJIITUH 31iACHIOBAJIM 3a T1OIIOMO-
roto nporpamu ImageJ (imagej.nih.gov) 3 BUKOpuC-
taHHaM miariny OpenComet.

JIOCTOBIPHICTh Pi3HMLI MiX psSigamMu JaHUX Ta Hall-
psIMOM 3CyBY 3HaueHb TM po3paxoByBaau 3a KpU-
TepieM MaHHa-YiTHi [24].

PE3VJIBTATU TA OBTTOBOPEHHA

Pisenr metwmoBanHs JJHK y nimbouurax nepude-
puyHoi KpoBi (JITTK) KiJIbKiCHO OLIiHIOBaJIM 3a MOKa3-
Hukamu Mirpauii JJHK B arapo3Huii resib: BimcoTka

stopped with TBE buffer (89 mM Tris-borate, 2 mM
EDTA, pH 7.5) followed by electrophoresis in TBE
buffer for 7 min at 4 °C, 1 V/cm voltage and of 200
mA current.

To visualize the results the slides were stained with
2.0 ug/ml DAPI (4’,6-diamidino-2-phenylindole)
immediately upon electrophoresis without fixing.
Slides were viewed at an Opton Axioskop fluores-
cence microscope (Zeiss, Germany) with an at-
tached Canon D1000 camera. Photographs of the
100 individual nucleotides (so-called «comets»)
were made for data processing (Fig. 1).

The comet tail length (in um), DNA % in the
comet tail, and Tail Moment (TM), which accounts
both the amount of DNA in comet tail and tail
length were used evaluate the DNA migration into
agarose gel [22, 23].

A review of the cell images was carried out using the
ImagelJ software (imagej.nih.gov) with OpenComet
plugin application.

The reliability of the difference between data series
and the direction of the TM value shift were calcu-
lated according to the Mann-Whitney test [24].

RESULTS AND DISCUSSION

The level of DNA methylation in PBLs was quanti-
fied by the value of DNA migration in agarose gel,
namely the percentage of DNA in the tail part of
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Figure 2. Mean group values of % DNA,

JAHK y XBOCTOBII1 9acTUHI «KOMETH», TOBXWHA XBOCTa
«koMmeTu» (y MKM), Ta Tail Moment (TM), 110 ogHo4ac-
HO BpaxoBye gk KinbKicTh JJHK y xBocToBilt yacTuHi
«KOMETH», TaK i JOBXMHY XBocTa. Pesynbratu 3a ce-
peIHiMM 3HAaYCHHSIMU TTOKA3HUKIB PiBHSI METUJIFOBaHHSI
JAHK mpu okpeMoMmy KyJIbTHBYBaHHI HEOIPOMiHEHUX
(KOHTpOJIb) Ta ONMPOMiIHEHUX KJIITUH, KJIITUH-CBIAKIB Ta
KJIITMH-1HAYKTOPiB IMpeacTaBieHi Ha puc. 2.

Ha nepuiomy etamni gociigkeHHs OyJiv BU3HAUEHI MO~
Ka3HuKu piBHgI MeTumioBaHHS JIHK HeompomiHeHux
JITIK miciasg okpemoro KyJabTMBYBaHHs. CepenHe 3Ha-
yeHHs noka3HuKiB % JJHK y XBocTOBIif YacTUHI KOMET
cknaio (64,15 £ 1,56) %; TM (85,06 = 2,30) MKM; 10B-
JKMHU XBocTa KoMeTH (66,64 £ 2,03) MKM.

ITpu oxkpemMomy kynsruByBaHHi JITTK, ompomiHeHmnx
v-kBaHtamu (mosza 1,0 Ip, motyxnicts 2,34 Ip/xB),
BiIMiU€HO JOCTOBipHE 3HMXKEHHS CepedHIX 3HayeHb
MOPIiBHSIHO 3 HEONPOMiHEHMM KOHTPOJIEM MOKAa3HUKIB
JOBXUHU XxBocTa «komeT» ((57,03 = 1,17) MKM mpoTu
(66,64 = 2,03) mxm; p < 0,001) ta Tail Moment (67,77 £
1,22 mpotu 85,06 + 2,30; p < 0,001), 1110 MOXKeE BKa3yBa-
TU Ha 3MEHILIEeHHS KiJIbKOCTi CAalTiB pPEeCTPUKIIIT METHUII-
yyTauBoi pectpukTa3u Hpall Ta, ik Haciimok, 30i1b-
LLIEHHS piBHY riiodabHOro MetuatoBaHHs JJHK.

I1pn manidecTalii pamialifHO-iHIYKOBAHOTO e(EKTY
CBigKa B KJITWMHAaX-CBiZKax BCTAHOBJIEHO JIOCTOBipHE
3HWXKEHHS cepelHixX Mmoka3HukiB Bigcorka JIHK y xBoc-
ToBiii yactuHi KoMeT (p < 0,001), ZOBXUHU XBOCTOBOIL
yactuHU (p < 0,001) Ta TailMoment (p < 0,001) y mopiB-
HSHHI $IK 3 HEONMPOMiHEHMMM, TaK i ONMPOMiHEHUMU
KJIITUHAMM, SIKi KyJbTUBYBAJIMCS OKPEMO, 110 CBITYUTH
PO 3HMKEHHS KiJTbKOCTi CalTiB peCTPUKILii Ta 3pOCTaH-
Hs piBHS Tji00anbHOro MetunoBaHHs JTHK.

Tak camo, SIK i B ONpOMiHEHMX KYJIbTypax JiM(OIIUTIB,
sIKi KyJBTUBYBAJIMCh OKPEMO, B KJITHHaX-iHIyKTOpax
CIIOCTepiraJii TOCTOBIpHE 3HUXKEHHS CepelHiX 3HaueHb
MOKa3HUKIB JOBXWHU XBOocTOoBOI YactuHM (p < 0,01) Ta

TailMoment, and Tail length

«comet», the length of «comet» tail (?m), and Tail
Moment (TM), which accounts both the amount
of DNA in the tail part of «comet» and tail length.
Data on the average values of DNA methylation
under separate cultivation of non-irradiated (con-
trol) and irradiated cells, bystander cells and
inducer cells are presented in Fig. 2.

At the first stage of the study the values of DNA
methylation level in non-irradiated PBLs after
separate cultivation were assayed. The mean value
of DNA % in the tail part of comets was (64.15 £
1.56) %, TM (85.06 £ 2.30) ?m, and comet tail
length (66.64 = 2.03) ?m.

Under separate cultivation of the y-irradiated
PBLs (1.0 Gy dose, 2.34 Gy/min dose rate) a sig-
nificant decrease compared to the non-irradiated
control was registered in the mean values of length
of «comet» tail ((57.03 = 1.17) um vs. (66.64 *
2.03) um; p < 0.001) and Tail Moment (67.77 +
1.22 vs. 85.06 £ 2.30; p < 0.001), indicating a
decrease in the number of restriction sites of the
Hpall methyl-sensitive restricts and resulting
increase in global DNA methylation.

A significant decrease in the mean percentage of
DNA in the comet tail part (p < 0.001), length of the
tail parts (p < 0.001) and Tail Moment (p < 0.001)
was established during the manifestation of the
radiation-induced bystander effect in bystander
cells in comparison with both non-irradiated and
irradiated cells cultured separately, indicating a
decrease in the number of restriction sites and an
increase in global DNA methylation level.

Just as in irradiated cultivated separately cultures
of lymphocytes a significant decrease in the mean
values of the tail length (p < 0.01) and Tail
Moment (p < 0.001) was observed in the inducer
cells compared with non-irradiated ones. At the

(1) 204



ISSN 2304-8336. pobnemu paniauiiiHoi Meguunkm Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Iss. 29.

EXPERIMENTAL

RESEARCH

TailMoment (p < 0,001) y mopiBHSIHHi 3 HEOTTPOMiHEHUM
KJiTuHamu. BogHouac, MixK KJIITUHAMU-1HAYKTOpaMUy Ta
OMNPOMiHEHMMHU KJIITMHAMU, SIKi KYJBTUBYBAJIUCh OKpe-
MO, He BU3HAUYEHO Pi3HMIII MiX cepeIHiMU 3HAYECHHSIMU
BCiX mocmimkyBaHUX Ioka3HuKiB: % JAHK y xBocroBiit
yacTtuHi koMeT (p > 0,05), 1OBXMHU XBOCTOBOI YaCTUHU
(p > 0,05) Ta TM (p > 0,05). Lle MmoxXe CBiTUUTH TIPO
BifcyTHicTb 3MiH piBHS MeTwmoBaHHs JJHK npu Briusi
HEOINPOMIHEHOI KYJIbTYpU Ha OMPOMiHEHY MPU CyMiCHO-
pO3AiIbHOMY KYJIBTMBYBaHHi. TakuM 4YWHOM, BILUIMBY
3BOPOTHOTO e(eKTy CBigKa Ha piBeHb II00AIHLHOTO Me-
tumoBaHHs JIHK B Hammomy gociimkeHHi He BUSIBIICHO.

Jtst GinbI AeTadbHOIO aHali3y 3MiH piBHSI METUIIO-
BaHHs JIHK mipu po3BUTKy eheKTy CBiaka Oya0 mpoBe-
IEeHO 4YacTOTHUI pO3IOMiA OTpUMaHMX KOMET 3a
iHauBigyanbHUMU TToka3zHukaMmu TM. [1pu aHanisi 6yio
o6paHo kpok TM, sgkuit nopiBHI0€e 20.

3rigHo 3 faHMMU, MIPEICTaBIeHUMU Ha pUC. 3, MOXXHa
BIAMITUTU 3pOCTaHHSI YACTOTU KOMET B IEePILIMX TPbOX
rpymnax (TM =0 — < 20; 20 — < 40; 40 — < 60), 110 cBizn-
YUTH MPO 3MiHY JaHamadTy MetTumoBaHHsg JJHK B kiti-
TMHax-cBinkax. Ockinbku (epMmeHT pectpukuii Hpall
MPOSIBJISIE aKTUBHICTh B HeMeTmiboBaHux caiitax CpG,
3HMKEHHST PO3Mipy XBOCTOBOI JiJISTHKH, 1110 3adikcoBa-
HO y KJIiITUHAX-CBiKax, BKa3y€ Ha 3MEHILEHHS 4acTOTH
CalTiB BIli3HaBaHHSI, Ta, BiAMOBiAHO, HA TilepMETUIIO-
BanHga JIHK de novo.

same time no difference was determined between
the average values of all the studied parameters in
the inducer cells and irradiated cells cultured sep-
arately i.e. of the DNA % in comet tail (p > 0.05),
tail length (p > 0.05) and TM (p > 0.05). This may
indicate the absence of changes in DNA methyla-
tion level when a non-irradiated culture is exposed
to an irradiated one during the joint/separate cul-
tivation. Thus, no impact of the rescue bystander
effect on global DNA methylation level was
detected in our study.

The frequency distribution of the obtained
comets was plotted according to individual TM
values for a more detailed analysis of changes in
the level of DNA methylation during the develop-
ment of bystander effect. The TM step of 20 was
chosen in the analysis.

According to the data presented in Fig. 3 an
increase in the frequency of comets in the first
three groups (TM =0 — < 20; 20 — < 40; 40 — < 60)
is notable, indicating a change in landscape of
DNA methylation in bystander cells. Since the
Hpall restriction enzyme is active in unmethylat-
ed sites of CrG, the reduction in the tail region size
registered in bystander cells indicates a reduction
in frequency of recognition sites and, accordingly,
de novo DNA hypermethylation.
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Figure 3. Frequency distribution of «comets» by TailMoment in the tail section (co-culture, bystander cells,

non-irradiated cells of the control group)
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Figure 4. Frequency distribution of «comets» by TM in the tail part (irradiated cells (separate cultivation);

jointly-separated cultivation, inducer cells)

BoaHouac, mMOKa3HUKM METWUJIIOBAHHS OMPOMiHEHUX
KJIITUH TIPU CIiJIBHO-PO3AiIbHOMY Ta OKPEMOMY KYJIBTH-
BYBaHHI CTaTUCTUYHO 3HAUyIlle He 3MIiHWINCH (puc. 4).
TakxuM 4rHOM, B YMOBaX JIaHOIO TOC/iIXKEHHSI HaMU He
OyJ10 BUSIBJIEHO TPOSIBY 3BOPOTHOTO €(eKTy CBiIKa Ha
piBHi 3MiHu MeTuoBaHHS JTHK.

OcCKiabKM pe3ynbraT om0 3MiHn MeTumoBaHHs JJHK
B KJIiTUHaAX-CBigKax OyB HEOYiKyBaHMI, BUHMKJA He-
OOXiTHICTh y MpPOBEACHHI OiMbIN nudepeHIiioBaHOTO
aHaJjli3y 3 BUKOPUCTAHHSM IMOKAa3HUKA TOBXWHMU XBOC-
TOBUX AiJISTHOK KOMET B MikpoMeTpax. JlaHuii miaxin Oy-
JIo 00paHO 3 METOI0 YHUKHEHHSI MOXKJIUBOI MPOOIEMH,
MOB’s13aHOI 3 BUKOPUCTaHHSIM TokazHuka TM. TM e
JOCUTh iH(POPMATUBHUM, OCKiJIbKA BPaXOBYE BiICOTOK
JHK y XBOCTOBIi1 YaCTHMHI KOMETHU i JOBXUHY XBOCTOBOI1
YaCTUHU, He BUSIBJISIE BiIMIHHOCTEM MiX KOMeTaMH 3
manuM BMicToMm JIHK y XBoCTOBilf yacTWHI Ta BETUKOIO
JTOBXMHOIO XBOCTA, a TAKOX MiX KOMETaMU 3 BUCOKUM
BMmictom JIHK i koporkum xBoctoMm. ITokazHuk TM mis
TaKMX TUITiB KOMET OJTHAKOBUIA, 1110 YHEMOXKJIUBJIIOE BU-
SIBJICHHSI Pi3HML B PiBHSIX [100AJTBLHOTO METUJTIOBAHHSI.

IpaHMYHMM MOKA3HUKOM /11 pO3MO/iy Ha rpynu Oy-
JI0 06paHo 3HayeHHs MemiaH % JIHK y xBocToBiii yac-
TUHI KoMeT (66,27 %) Ta JOBXMHM XBOCTOBOI YaCTUHU
(62,5 MKM) KOHTPOJIbHOI I'pynu. MeniaHa, sIK rpaHU4-
HUI MTOKAa3HUK, OyJa BUKOPHMCTaHA, OCKIJIbKM BOHA He-
YyTJIMBa 10 CTAaTUCTUYHUX BUKUIIB Ta 3MilleHb y OiK

At the same time, the methylation values of
irradiated cells under joint and separate cultiva-
tion did not change significantly (Fig. 4). Thus,
no manifestation of the reversed bystander effect
on the level of DNA methylation changes was
detected under study conditions.

Since the result of DNA methylation changes
in bystander cells was unexpected, a more differ-
entiated analysis was needed using the comet tail
length in micrometers. This approach was chosen
to avoid a possible problem associated with the
use of the TM metric. TM is quite informative
since it takes into account the percentage of
DNA in the comet tail and the length of the tail,
but unfortunately it does not distinguish between
comets with a low DNA content in the tail and a
long tail, or between comets with a high DNA
content and a short tail. The TM metric is the
same for these types of comets, making it impos-
sible to the detect differences in global methyla-
tion levels.

The median values of DNA percentage in the
comet tail (66.27 %) and tail length (62.5 um) of
the control group were chosen as the threshold for
grouping. The median value was used as a thresh-
old parameter as being not sensitive to statistical
outliers and shifts compared to the sample mean.
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rpaHMYHUX 3HAYEHb MOPIBHSIHO 3 CEpeAHIM 3HAUYCHHSIM
BUOIpKU.

Ho rpynu 1 Oyno BigHECEHO KOMETM, 110 Majlu JI0-
MeniaHHuit piBeHb % JHK y xBocToBiif YacTUHI Ta 10-
MeJiaHHUI piBeHb MOBXWHM XBocTa. Taki KoMeTH,
MMOBIpHO, MICTSITh HE3HAYHY KiJIbKiCTb CaWTiB pecT-
pukuii Hpall, 1o Bianosinae craHy rio0ajibHO rirnepmMe-
TUJILOBAHOTO TeHOMY. 3a TaKMX YMOB IPU il peCTPUKTa-
34 mig yac ejaekrpodopesy JHK Buxoauths B arapo3Huit
rejib y (popmi Beukux ¢pparmeHTiB. Taki KOMeTHU MalOTh
KOPOTKMIA XBIiCT Ta BiIHOCHO BEJIMKUI PO3Mip TOJIOBU.

o rpynu 2 Oysio BigHECEHO KOMETHU 3i 3HaYeHHSIM %
JAHK y XBoCTOBiil yacTHHi, 1110 OiJiblle a00 JOPiBHIOE
MeliaHHOMY, Ta JOMeIiaHHUI piBeHb JOBXWHM XBOCTA.
Taki moka3HUKU, MMOBIPHO, BKa3ylOTh Ha 30iJbLISHHS
calTiB pecTpuKlii B reHoMi, nipote ¢parmentu JHK,
1110 BUXOJSTh B arapO3HUI r'ejib, BCE OAHO BeJUKi. XBiCT
LIMX KOMET KOPOTKMIA, aje OiNblIMiA, HiXX y KoMmeT 1-i
rpynu. Takuii cTaH MoXe BiAMOBiZaTU PiBHOMipHOMY,
MOMipHOMY ITOBHOT€HOMHOMY J€METUIIOBAHHIO Y Hec-
neurdivyHuX TiITHKaX.

Ho rpynu 3 0yJ10 BiTHECEHO KOMETH, B SIKMX MOKA3HUKU
% JHK y XBOCTOBII1 YaCTHUHI Ta TOBXWHU XBOCTA IIEPEBU-
1IyBaan abo JOPiBHIOBAIN MeliaHHOMY 3HaueHHIo. Mmo-
BipHO, 11€ MOIJIO CBiTYMTH ITPO 6araTto CanTiB pECTPUKILil B
TEHOMi KJIITUH, TOMY B arapO3HMii rejib BUXOAWIA CUIbHO
¢dparmenroBana JJHK. Taki koMeTn MaroTb JOBIHMIT XBiCT
Ta HEBEJIMKY 3a po3MipoM rojioBy. Lleii cTtaH BiamosigaB
JIOOATBHO TIMMOMETUILOBAHOMY T€HOMY KJTITMHU.

Ho rpynu 4 ©yn0 BiZHECEHO KOMETH, 110 Maju J0-
MenianHe 3HayeHHS % JIHK y XxBocTOBIli YacTHHi Ta I1O-
Ka3HUK JOBXWHU XBOCTa OilblIMiT a00 piBHUI MemiaH-
HOMY. ¥ KOMET L€l Ipynu COCTEPIraeThCs MOAOBXEHU N
xBicT, aje BMicT JIHK B xBocTi He3HauHuMii. IMOBipHO, B
JaHOMY BUIIAAKY peCTpUKTa3a Oyjia aKTMBHA JIMIIE B Ie-
SKMX JiISTHKaX TeHoMy, ToMy oaHa yactuHa JJHK Oyna
po3pizaHa Ha KOPOTKi (pparMeHTH, a iHIlAa - Ha JOBIi.
Taki koMeTH MalTb JOBrUil XBIiCT i BITHOCHO BEJIMKUI
PO3Mip rojioBH, 1110 MOXEe CBiIUUTHU PO AEMETUITIOBAHHSI
TreHOMY JIMIIIe B MIEBHUX IiJITHKAaX. ¥ CBOIO Yepry, 1ie MO-
K€ BKa3yBaTWM Ha aKTUBALilD OKPEMUX TeHiB YU TpYyIl
TeHiB, SKi cnenu@iyHO pearyioTh Ha eeKT CBiaKa.

Y KoHTpoJi Haibinblle NpeacTaBlieHi KOMETU TPyl
1 Ta 3, 1110 CBiTYUTH PO HASIBHICTh MPUOIN3HO OJHAKO-
BOTO CHiBBITHOIIEHHS KJIiTUH 3 MI00AJbHO TimepMe-
TWIbOBAHUM Ta TiIMOMETUJIbOBAaHUM T'€HOMOM (puc. 5).

Y KJIiTUH-CBigKiB KOMeTM TIpynu | cKiagawTb
HaMOIIbIIY YacTKy cepell KOMET iHIIMX rpym (puc. 6).
BigHOoCHaA KiTbKICTh KJIITUH Ipynu 1 1aHO1 BUOIpKU AOC-
TOBipHO Oifbllia, HiX y KOHTpobHil rpyri (p < 0,001).
Ile cBiguuTh Mpo Te, IO BiOOYBAETHCS 30LIbILICHHS

Group 1 included comets that had a pre-domi-
nant level of DNA percentage in the tail and a
pre-median tail length. Such comets probably
contain a small number of Hpall restriction sites,
which corresponds to the state of a globally
hypermethylated genome. Under such condi-
tions, when restriction enzyme acts during elec-
trophoresis, the DNA is released into agarose gel
in a form of large fragments. Such comets feature
the short tails and relatively large head sizes.

Group 2 included comets that had a DNA per-
centage in the tails higher or equal to the median
and pre-median tail lengths. Such values proba-
bly indicate an increased number of restriction
sites in genome, but the DNA fragments that
come out in agarose gel are still large. Tails of
these comets are short, but larger than in the
Group 1 comets. This condition may correspond
to the uniform and moderate whole-genome
demethylation in nonspecific regions.

Group 3 included comets with DNA percentage
in the tails and the tail length higher or equal to the
median value. This probably could indicate the
large number of restriction sites in cell genome,
hence highly fragmented DNA was released into
agarose gel. These comets have had a long tail and
a small head. This condition corresponded to a
globally hypomethylated cell genome.

Group 4 included comets with a pre-median %
DNA value in the tail part and a tail length index
greater than or equal to the median. Comets of
this group have an elongated tail, but the DNA
content in the tail is insignificant. Probably, in
this case, the restriction enzyme was active only
in some parts of the genome, so one part of the
DNA was cut into short fragments, and the other
into long ones. Such comets have a long tail and
a relatively large head size, which may indicate
demethylation of the genome only in certain
areas. In turn, this may indicate the activation of
individual genes or groups of genes that specifi-
cally respond to the bystander effect.

Comets of groups 1 and 3 were most represent-
ed in the control group, indicating the approxi-
mately same ratio of cells with globally hyperme-
thylated and hypomethylated genomes (Fig. 5).

Comets of the group 1 in bystander cells have
made up the largest proportion among comets of
other groups (Fig. 5). The relative number of cells
of group 1 in this sample was significantly higher
than in the control group (p < 0.001). This indi-
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PucyHoK 5. Po3nogin KomeT KOHTPOJIbHOT rpynu 3a 3HauyeHHAMM BigcoTka IHK y xBoCTOBiit yacTUHi KoMeT Ta
LOB}KMWHOI0 XBOCTOBOT YaCTUHU

Figure 5. Distribution of comets in the control group by the percentage of DNA in the comet's tail and tail
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PuUcCyHOK 6. Po3nopgin komet rpynu KniTuH-cBigKie 3a 3HauyeHHAMU BigcoTKy [IHK B XxBOCTOBi YacTUHi KomeT
Ta lOBXXWHOI XBOCTOBOi YaCTUHU

Figure 6. Distribution of comets of the bystander cell group by the percentage of DNA in the comet tail and
tail length
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BiTHOCHOI KiJIbKOCTi KJIITUH 3i 3pOCTaHHSIM PiBHS IJIO-
b6anbHoro MetunoBaHHsa JJHK BHacninok MaHidecTalii
panmialiiiHo- iHayKoBaHOro edekrty cpigka. Lle Takox
OyJ10 MOKa3aHO MpU aHaji3i cepenHix MOKa3HMKIB Bill-
cotka JIHK y XBOCTOBIif YacTHMHiI KOMET, JOBXUHU XBOC-
ToBOi1 YyacTuHM Ta TailMoment y mociimxyBaHiil rpymi
KIITUH-CBiaKiB. KpiM 1LIbOro AOCTOBIpHO 3HUXKYETHCS
BiZICOTOK KJIITUH Tpynu 3 MOPIBHSIHO 3 KOHTPOJILHOIO
rpymnoto (p < 0,001), 10 CBiTYUTH NPO 3HWUKEHHS Bill-
HOCHOI KiUJIKOCTi KJIITUH 3 TJ100aJbHO TilOMETUILOBA-
HAM TeHOMOoM. BigcoTok KimiTWH rpynu 2 He Ma€e JIoc-
TOBipHUX BiAMiHHOCTE# MOPIiBHSIHO 3 JAaHUM MOKAa3HU-
KoM y KoHTpoui (p > 0,05). BizHocHa KiJIbKiCTb KJIiTUH
rpynu 4 Takox He Ma€ 3HaAUYYLIMX BiIMiHHOCTEI BiTHOC-
HO KOHTpoJIbHOI Tpynu (p > 0,05).

Y Hammx mnorepeaHiX AOCIiIXKEeHHs I10Ka3aHo, IO
Mpu peajidalii MyXJIMHHO-iHAYKOBAaHOTO eheKTy CBiaKa
Ta y BilIOBiAb HA MyTareHHUI BIUIMB Y KJIiTUHAX Bia0y-
BA€ETbCSl aKTUBALlisl TeHHUX JIAHLIOTIB, BiAINOBigaJIbHUX
3a mpouec penapaiii nomkomkeHb NHK, aktusariis
MPOILIECIB alIONTO3Y B KJIITUHAX i3 CyOJIeTaIbHUM PiBHEM
MOLIKOJAEHb TeHOMY, aKTUBAllisl KOHTPOJIIO B YYTJIMBUX
TOYKAX KIITUHHOTO MUKy [25—27]. BomHouac 3pocra-
oye metwmioBaHHs JIHK 0610Kye reHHy akTHUBHICTb.
MOXJIMBUM MOSICHEHHSIM LIbOI'O IMapagoKCy € BMCOKa
BUOIpKOBICTh MAaTTePHiIB METUJIIOBAHHS. 3Baxkalouu Ha
te, o MeTuiroBaHHs JIHK okpim peryiasitopHoi Mae€ 3a-
XMCHY (pyHKIIit0, rinepmeTumoBaHHs JAHK kiniTuH-cBin-
KiB Ma€ cTabinizaliiHuii eeKT, 3SMEHIIYI0YU PiBEHb Ie-
HOMHOI HEeCTaOIbHOCTI B LIUX KJIiTUHAX.

BUCHOBOK

Po3BuTOK mpsiMoro e@ekTy CBilIKa CYMPOBOIKYEThCS
eMireHeTUYHMMU 3MiHaAMM, 10 TMPSBISIOTHCS 3POCTaH-
HaM piBHg MetuaoBaHH JHK y kiiTuHax-cBigkax.
BonHouac B KiliTMHaX-iHAYKTOpax 3MiH PiBHS METUJTIO-
BaHHsa JIHK He Bu3HaueHO, 110 CBiIYUTH MPO BiACYT-
HICTh MPOSIBIB 3BOPOTHOrO e(MEeKTy CBilKa Ha emireHe-
TUYHOMY PiBHIi.

IHdpopmauia npo piHaHCyBaHHSA

dinancyBaHHS BUOaTKaMu JepxaBHOTo OIOMXKeTy YK-
paiHu.

PobGoTta BukonaHa B pamkax rutaHoBoi HJIP «Po3pobka
HOBHUX MiIXOJiB 0 OLIHKYW paiallifHO-iHAYKOBaHUX Ta
pafgialiiiHO-iHAYMOEIbHUX IOIIKOMXEHb FeHOMa CO-
MAaTUYHUX KIITUH JTIOOUHW», No mepXpeecTpalrii:
01230101597, mudp pobotu Ne 643.

KoHdnikT iHTepecis
ABTOPU 3agIBJISTIOTH ITPO BiICYTHICTh KOH(MJIIKTY iHTEpeCiB.

cates an increase in the relative number of cells
with elevating levels of global DNA methylation
due to manifestation of the radiation-induced by-
stander effect. This was also shown when analyz-
ing the mean DNA percentage in comet tail, tail
length, and Tail Moment in the study group of
bystander cells. Moreover, the percentage of cells
in group 3 was significantly decreasing compared
to the control group (p < 0.001), indicating a
decrease in the relative number of cells with glob-
ally hypomethylated genome. Percentage of the
group 2 cells was of no significant difference vs.
the control group (p > 0.05). The relative number
of cells in group 4 was also of no significant dif-
ference compared to the control group (p > 0.05).

Our previous studies have demonstrated that
during the realization of the tumor-induced
bystander effect and in response to mutagenic
impact, the cells activate gene circuits responsi-
ble for DNA damage repair, activate apoptosis in
cells with sublethal levels of genome damage, and
activate control at sensitive points in the cell cycle
[25—27]. At the same time, the increasing DNA
methylation blocks gene activity. High selectivity
of methylation patterns is a possible explanation
for this paradox. Given that DNA methylation
has a protective function in addition to regulato-
ry one, the DNA hypermethylation in bystander
cells is of a stabilizing effect, reducing the level of
genomic instability in these cells.

CONCLUSION

The development of the direct bystander effect is
accompanied by epigenetic changes, which are
manifested by an increase in the level of DNA
methylation in bystander cells. At that, no change
in DNA methylation was detected in inducer
cells, indicating the absence of manifestations of
the reversed bystander effect at epigenetic level.
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