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INOIIKOJAKEHHA XPOMOCOM ITPA OITPOMIHEHHI
JIMOOLNTIB KPOBI JIIOANHU TA PO3BUTKY EPEKTY CBIIKA

MeTa: gocnigkeHHs po3noainy pagiauiiHo-iHAYKOBAHMX NMOWKOMLKEHb CEPEAl XPOMOCOM i X 6eHAIB B ONPOMiHEHMX in
vitro nimgounTax KpoBi NOAUHN Ta B HEOMPOMIHEHWX KNiTUHAX-CBifKaX.
Marepian i meToau BOCHIAKEHHA: KyNbTUBYBAHHA NiMAOLMTIB NepudepruyHOT KpoBi IIDAMHM 33 HANIBMiIKPOMETOAOM
D. A. Hungerford, mogentoBaHHsa paaiauiiiHo-iHAyKOBaHOro eeKTy CBiaKa B 3MillaHWUX KyNbTypax 3 ONPOMiHEHMX in
vitro Ta HeonpomiHeHUx NimdounTiB KpoBi 0cib pi3Hoi cTaTi, GTG-3a6apBneHHs MeTaasHUX XPOMOCOM Ta iX uuUTOre-
HETUYHWI aHani3.
Pe3ynbratu. IneHTndikoBaHo TOUKM po3puMBiB XpOMOCOM Npu hopMyBaHHi abepaliin B onpoMiHeHux in vitro B go3ax
0,25 Ip (95 po3pwueiB B 1248 knitHax) i 1,0 Tp (227 po3pwueiB B 726 kniTuHax) nimdountax nepucdepnyHoi Kposi Nio-
AVHW Ta B HEONPOMiHEHUX KNiTMHAX-CBifKax Npu ix CyMiCHOMY KynbTUBYBAaHHi 3 onpoMiHeHUMK in vitro nimdouuta-
My nopmnuu (51 po3pus B 1137 kniTHax npu onpomiHeHHi cymixHoi nonynauii nimbouutis B fo3i 0,25 p Ta 75 pos-
puBiB B 1321 kniTMHi Npu onpoMiHeHHi cymixHOT nonynauii nimdbouutis B fo3i 1 Ip). LocnigkeHo po3nogin 3a-
PEECTPOBAHUX MOWKOIKEHb CEPE XPOMOCOM Ta iX 6eHAiB.
BucHoBKuU. B onpomiHeHux in vitro nimdoumntax nepudepnyHoi KpoBi NIOAUHM Ta KNiTUHAX-CBiAKAX YacTOTa NOWKOA-
eHUx 6eHAIB Ta KiNbKicTb PO3PUBIB, AKi NOKaNi3yBanuCh B HUX, NepesuLLyBana KoHTposbHYy (p < 0,01). ik npu 6e3-
nocepeaHbOMY MOLWKOKEHHT i0Hi3ytouoto padialieto, Tak i npu GopmyBaHHiI po3puBiB BHACNILOK iHAYKUIT edekTy
CBifiKa, XPOMOCOMM MOWKOAKYBANUCh BifNOBIAHO A0 iX BiAHOCHOT AOBXMHWU. Po3TawyBaHHA GeHAiB, B AKWUX 3a-
peecTpoBaHo 6inbluy KinbKicTb pO3puBiB, CNiBNAAAN0 3 «rapAynMMm TOYKaMM» MOLIKOAXYBAHOCTI XpOMOCOM Npu on-
poMiHeHHi Ta dparinbHUMK caliTamu. YyTAnMBiIIMMU B0 MOWKOAXKEHHSA Oynu G-HEraTMBHi eyxpoMaTUHOBI CMYrK Xpo-
MOCOM, B IKMX NIOKaNi3yBanuch 82-88 % po3puBiB. MoWKOLKYBAHICTb TEIOMEPHUX PANOHIB B ONPOMiHEHUX KNiTUHAX
He Mana AoCTOBipHOT Pi3HML 3 KOHTPONIEM, @ Y KNiTUHAX CBiAKax Oyna Hux4ye KOHTponbHoOi (p < 0.05).
Kniouosi cnoBa: onpomiHeHHs in vitro, pagiauiiiHo-iHayKoBaHwit eekT cBiaKa, abepaLii XpoMOCOM, TOUKW pO3pUBiB,
nimdoumnT nepudepuyHoi KpoBi NIOANHU.
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Damage of chromosoms under irradiation of human blood lymphocytes
and development of bystander effect

Objective: the research the distribution of radiation-induced damages among chromosomes and their bands in irra-
diated in vitro human blood lymphocytes and in unirradiated bystander cells.
Material and methods of research: cultivation of human peripheral blood lymphocytes by semi-micromethod D.A.
Hungerford, modeling of radiation-induced bystander effect in mixed cultures consisting of irradiated in vitro and
non-irradiated blood lymphocytes from persons of different gender, GTG-staining of metaphase chromosomes and
their cytogenetic analysis.
Results. Break points in chromosomes under the formation of aberrations were identified in exposed in vitro human
peripheral blood lymphocytes in doses 0.25 Gy (95 breaks in 1248 cells) and 1.0 Gy (227 breaks in 726 cells) and in
non-irradiated bystander cells under their joint cultivation with irradiated in vitro human lymphocytes (51 breaks
in 1137 cells at irradiation of adjacent populations of lymphocytes in dose 0.25 Gy and 75 breaks in 1321 cells at
irradiation of adjacent population of lymphocytes in a dose 1.0 Gy). The distribution of injuries among the chromo-
somes and their bands was investigated.
Conclusions: in radiation-exposed in vitro human peripheral blood lymphocytes as well as in bystander cells the fre-
quency of damaged bands and number of breaks which localized in them exceeded the control value (p < 0.01). As
under direct radiation exposure, as under formation of breaks due to induction of bystander effect, chromosomes
were damaged according to their relative length. Location of bands with increasing number of breaks coincided with
the «hot spots» of chromosome damage following irradiation and fragile sites. More sensitive to damage were G-
negative euchromatin chromosome bands, in which were localized 82-88 % breaks. Damageability of telomeric
regions in the irradiated cells had no significant difference from the control, while in bystander cells was lower than
control value (p < 0.05).
Key words: irradiation in vitro, radiation-induced bystander effect, chromosome aberrations, break points, human
peripheral blood lymphocytes.
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BCTYII

ITutaHHS NpoO HEBUITAAKOBICTb IMOLIKOIXEHHS i10Hi3y-
IOYUM BUITPOMiHIOBAaHHSM OKPEMHUX XPOMOCOM Ta iX
OeHIiB NMpU OMNPOMiHEHHi OpraHi3My JIOAWHU 3au-
MIa€ThC 10 KiHIA He 3'acoBaHuM [1—3]. PazoMm 3 TnM,
BIIKPUTTS pafialliiHO-iHIYKOBAaHOTO e(deKTy CBimKa
MOCTaBUJIO BKa3aHy IpoOJjieMy 3 HOBOIO T'OCTPOTOIO,
aJi>kKe BHACJiIOK MOro po3BUTKY MOIIKOAXEHb MOXYTh
3a3HaBaTU BigjajaeHi Big onmpoMiHEHOI MillleHi KIiTh-
HU B ychoMy oprani3mi [4—7]. Pe3syabpraTroM MOXYTb
OyTM BUHUKHEHHSI XPOMOCOMHOI HECTa0iJIbHOCTI i
3pOCTaHHSI 4YacTOTu abepauiii XpoMaTUAHOTO THITY,
NOpYLIEHHS peryJjsiii i akTuBalii MPOTOOHKOTEHIB,
iHaKTMBAallil CynpecopiB OHKOIEHIB, iHaKTMBallii Ta
MOLIKOMKEHHS I'eHiB perapallii Ta reHiB-peryJasiTopiB
KJIITUHHOTO WMKJY, IO MOXE€ CIPUSATU PO3BUTKY
pajiauiiiHO-iHIYKOBAHOTO KaHLEpPOTeHe3y B HEOII-
pPOMiHEHMX TKaAHWHAX i opraHax OpraHi3My JIOAWHU
[5, 8—10].

INTRODUCTION

The question about nonrandomnes the damage by
ionizing radiation of certain chromosomes and
their individual bands following human irradiation
remains not fully elucidated [1—3]. However, the
discovery of radiation-induced bystander effect set
this problem with a new urgency, because as a
result of its development may suffer cells through-
out the body which distant from the exposure tar-
get [4—7]. The result can be the emergence of
chromosomal instability and increase the frequen-
cy of chromatid aberrations, violation the regula-
tion and activation of protooncogenes, inactiva-
tion of oncogene's suppressors, inactivation and
damage of repair genes and gene regulators of the
cell cycle, which may contribute to the develop-
ment of radiation-induced carcinogenesis in irra-
diated tissues and organs of the human body [ 5,
8—10].
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META

Metoio pob6oTu Oya0 AOCIIIXKEHHS PO3MOIiIY paiia-
LilHO-1HAYKOBaHUX MOLIKOMXEHb cepel XpOMOCOM i 1X
OEHIiB B OMPOMiHEHMX in Vvitro JiMpounTax KpoBi JIIo-
JUHU Ta B HEOMPOMiHEHMX KJIiTMHAX-CBiIKax.

MATEPIAJIN I METOJIN

Marepianom gociimkeHHs Oynu JiM¢oLuT nepude-
puyHOi KpoBi 10 BoJOHTEpIB, SIKi 3amepedyBaiv CBilO-
MUl KOHTAKT 3 i0Hi3yl0UOI0 paialli€lo Ta iHIIUMU MyTa-
reHamu i Oyau 3ajiydeHi A0 JOOPOBUILHOIO LIUTOrEHE-
TUYHOTO OOCTEKEHHS 32 YMOB MOiH(MOPMOBAHOI 3rOAu.
LlinsHy KpoB onpoMiHioBayu B 1o3ax 0,251 1,0 Ip Ha yc-
ta"HoBLi PYM-17 (motyxHicts no3u 0,415 Ip/x8). Kynb-
TUBYBaHHS KPOBi BUKOHYBAJId 3a 3aTajbHOIPUIHITAM
HaniBmikpomeTonoMm D. A. Hungerford [11]. [Tpu mone-
JIIOBaHHI pafiallifHO-iHAYKOBAHOTO €(eKTy CBiIKa BU-
KOPMCTOBYBAJIM 3MilllaHy KYJBTYpY 3 ABOX pi3HOCTaTe-
BUX TronyJsuiit miMm@ouuTiB (mo 0,3 MJT KpoBi JOHOPIB
YOJIOBiYOi i )KiHOYOI CTaTi), 0OJHA 3 IKUX OyJia OIIPOMiHe-
Ha in vitro, a iHIIa (HEONMPOMiHEeHa) BUKOPUCTOBYBaJIaCh
SIK «CBiTOK» [12].

IIpenapatn dapodyBanmu 3a gomomoroio GTG meroxy
[13]. LluToreHeTUYHMIT aHAaJi3 TTPOBOAWIN Mid MiKpOC-
Konamu 3i 30iabieHHsM x 1000. PeectpyBanu Bci abe-
paiii XxpoMaTUAHOTO i XpOMOCOMHOro TuIiB. IToikona-
KEHI XpOMOCOMMU Ta TOYKM PO3PUBIB iIeHTUQIKYBaIU
3rifHO 3 MiXHapogHolo HomeHkatypoiro ISCN-2013
[14]. OuiHKY MOIIKOMXYBAHOCTi iOHi3yIOUMM BHII-
POMiHIOBaHHSIM OKPEMMX XPOMOCOM IPOBOAUIU 3 BU-
KOPUCTAaHHSIM CTaHOAPTHUX IlapaMeTpiB T€HOMY JIIOAM-
Hu [15, 16].

OTtpuMaHi AaHi onpalbOBYBaJIU 3 BAKOPUCTAHHSIM Me-
TOAY TIOPIBHSIHHS cepeHiX BeanduH 3a CTIoIeHTOM-
®dimrepom Ta KopendiiitHoro aHamisy [17].

PE3VJIBTATU TA OBTOBOPEHHA

Bukopuctanuss GTG 3abapBieHHS IpernapariB MeTa-
¢da3HUX XpOMOCOM TIpU IiX LIMTOTEHETHUYHOMY aHai3i
JIO3BOJIMJIO ideHTUdiKyBaT 95 pO3pHBIB XpOMOCOM B
1248 onpomiHeHux in vitro B 103i 0,25 Ip nimdoruurax
nepudepruuHOi KpOBi JIOAUHU Ta 227 po3pHUBiB XPOMO-
coM B 726 kiiTMHaxX npu onpomiHeHHi B mosi 1 Ip
(7,61£0,751 31,27%1,72 nowmkomkeHHs Ha 100 KJIiTHUH,
BiIMTOBiAHO), 110 MEePEeBUIIIO MOKA3HUK KOHTPOJIIO (P
<0,001) (Tabm. 1).

[1pn MogenmoBaHHI pamialliifHO-1HAYKOBAHOTO e(DeKTy
CBilIKa 4aCTOTH 3apeECTPOBAHUX IOILIKOIXKEHb XPOMO-
COM Y HEOTIPOMiHEHUX KJIITUHAX-CBiKaX MPU KYJIBTUBY-
BaHHIi B 3MillaHUX KYJbTypax 3 ONPOMiHEHUMHU B J03aX
0,251 1 I'p nimdporumramu (3,87£0,57 1 4,16%£0,55 na 100

OBJECTIVE

The aim of our study was the research the distribu-
tion of radiation-induced damages among chro-
mosomes and their bands in irradiated in vitro
human blood lymphocytes and in unirradiated
bystander cells.

MATERIALS AND METHODS

Research materials were peripheral blood lympho-
cytes of 10 volunteers who denied conscious contact
with ionizing radiation and other mutagens and were
involved in voluntary cytogenetic examination under
conditions of informed consent. Whole blood was irra-
diated in vitro in doses 0.25 and 1.0 Gy by X-ray appa-
ratus RUM-17 (dose rate 0.415 Gy/min). Cultivation
was performed by accepted semi-micromethod of D.
A. Hungerford [11]. For the modeling of radiation-
induced bystander effect used mixed culture consisted
of two heterosexual populations of lymphocytes (0.3
ml of blood donors both male and female), one of
which was irradiated in vitro, and the other (non-irra-
diated) used as a «bystander» [12].

Slides were stained using GTG-method [13].
Cytogenetic analysis was carried out under the
microscopes with increase x 1000. Chromosome
and chromatid types of all aberrations were regis-
tered. Damaged chromosomes and break points
were identified in accordance with the interna-
tional nomenclature ISCN-2013 [14]. Assessment
of damageability by ionizing radiation of individ-
ual chromosomes was carried out using standard
parameters of the human genome [15, 16].

The data obtained worked out using the method
of comparison the mean values for Student's and of
correlation analysis [17].

RESULTS AND DISCUSSION

Usage the GTG-staining of metaphase chromo-
somes' slides under their cytogenetic analysis
allowed to identify 95 chromosome breaks in 1248
exposed in vitro in dose 0.25 Gy human peripheral
blood lymphocytes and 227 chromosome breaks in
726 cells irradiated in dose 1.0 Gy (7.61 £ 0,75 and
31.27 =+ 1,72 damages per 100 cells, respectively),
which exceeded the control values (p < 0.001)
(Table. 1).

Under the simulation of radiation-induced
bystander effect the frequencies of chromosomes'
damages in non-irradiated bystander cells coculti-
vated jointly with lymphocytes irradiated in doses
0.25and 1.0 Gy (3.87 £ 0.57 and 4.16 £ 0.55 per 100
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Ta6namusa 1
YacroTa nolwKoaKeHux 6eHAiB i po3pueiB xpomocom

Table 1
Frequency of damaged bands and chromosome breaks

MokasHuku BapianTtu gocnigy

Koutponb  knitunu-ceipku / bystander cells onpomineni knituum / irradiated cells
Key figures Control 0,25 Gy 1,00 Gy 0,25 Gy 1,00 Gy
KinbkicTb npoaHanisoBaux metadas 1395 1137 1321 1248 726
KinbKicTb NOLIKOMmXeHX 6eHAiB:
- abconiotHa 31 44 55 72 141
- Ha 100 meTadas, (M+m) 2,22+0,39 3,87 +0,57* 4,16 £ 0,55* 5,77 = 0,66* 19,42 + 1 AT*
KinbKicTb TOHOK PO3pMBIB:
- abconiotHa 36 51 75 95 227
- Ha 100 meTadas, (M+m) 2,58 £ 0,42 449 +0,61* 5,68 £ 0,64* 7,61 +£0,75* 31,27 £ 1,72*
- Ha NMOLUKOZKeHMiA 6eHn, (M£m) 1,16 £ 0,29 1,16 £ 0,32 1,36 + 0,32 1,32 £ 0,32 1,61+0,47

MpuMiTka. * — CTATUCTMYHO AOCTOBIPHA PI3HULIA 3 KOHTPOJIEM 3i CTyrNeHeM A0cToBipHOCTI He Ginblue 0,05 (p < 0,05 — p < 0,001).
Note. * — statistically significant difference from the control with the degree of reliability no more than 0.05 (p < 0.05 — p < 0,001).

KJIiITMH, BilMIOBiHO) iCTOTHO HE PO3Pi3HSIMCH MiX CO-
6010 (p > 0,05), mpoTe TOCTOBIpHO MEPEBUIILYBAIN Pi-
BeHb, OTPMMAaHUWU MpU aHAi31 HEONIPOMiHEHUX KIIITHH,
3i ctyneHssMu goctoBipHocTi p < 0,01 i p < 0,001, Bin-
noBigHo. B ycix BapiaHTax g0CJIily 3apeECTPOBaHi JIOKY-
CU XpOMOCOM, B SIKMX JIOKQJIi3yBaJIOCh OijiblIe OTHOTO
pPO3pUBY, BHACIIAOK YOIr0 CepeAaHsl 4acTOTa pO3pUBiB Ha
MOIIKO/KEHUIT OEHT ITepeBuIilyBaja 1.

AHaJ3 po3IOIily TOYOK PO3PUBIB XpOMOCOM IIpH
¢opmyBaHHI abepallifi mokazas, 110 B ONPOMiHEHUX
in vitro B mo3ax 0,251 1,00 Ip kiiTnHax Ta KIiTHHaX-
CBiJIKaxX MpU iX KyJbTUBYBAaHHi 3 OIPOMiHEHUMH B J103i
1,00 I'p niMmpoumTamu, XxpoOMOCOMU TTOLIKOIXKYBaJIUCh
BIJITIOBIAHO A0 iX BiZHOCHOI moBxXuHU. Lle migTBepa-
XKEHO pesysibTaTaMU KOpeJIsILiMHOTO aHasildy, SKui
MoKa3aB iCHyBaHHS MPSMOT0, CUJIbHOIO, TOCTOBIPHO-
ro 3B'SI3KY MiX 3apeecTpoBaHOIO Ta OUYiIKYBaHOWO (3
ypaxyBaHHSIM BiJHOCHO1 MOBXWHM) YaCTOTOI MOII-
KOIXXeHb XpoMocoM (Tabm. 2). ¥V KiIiTMHax-CBigKax
MpU KyJbTUBYBaHHI 3 JiMdoLUTaMU, OIPOMiHEHUMU
B 103i 0,25 Ip, MixX 3apeecTpoBaHOIO Ta OYiKyBaHOIO
KiJIBKIiCTIO IOIIKOIXEHb XPOMOCOM BCTAaHOBJIEHO
NpSIMUN DOCTOBIpHMI 3B'SI30K CEpelHbOI CHUJIM, IO,
Ha Hally AyMKY, 3yMOBJIEHO TUM, 11O B IIbOMY BapiaHTi
nocaigy aume y 50 % oOcTexXeHux ocid BUSIBIEHO
eeKT CBigKa.

OTtpuMaHi gaHi IOA0 MOIIKOMXKYBAHOCTI 10HI3yIOUNM
BUITPOMiHIOBaHHSIM XPOMOCOM Y3TOIKYIOThCS 3 pe3yJib-
taramu pociaimxkeHb K. Ohtaki, ne B oci0, sIKi mepexKuin
aToMHe OomOapayBaHHSI B XipociMi, BUsIBJIeHA JliHiliHA
3aJICKHICTh y4acTi XpoMocoM Y (popMyBaHHi CTa0iTbHUX
abepauiit Bia BinHocHoro Bmicty JAHK (r = 0,92), To6TO,

cells, respectively) did not significantly differ among
themselves (p> 0.05), but was significantly higher
than the level obtained at the analysis of non-irradi-
ated cells, with degrees of reliability p < 0.01 and p <
0.001, respectively. In all variants of the research
were registered the chromosomes' loci, in which
localized more than one break, resulting the mean
frequency of breaks per damaged band exceeded 1.
The analysis of distribution the break points in
chromosomes during the formation of aberrations
showed that in cells irradiated in vitro in doses of
0.25 and 1.00 Gy and in bystander cells jointly
cocultivated with lymphocytes irradiated in dose
1.00 Gy chromosomes were damaged according to
their relative length. This was confirmed by results of
correlation analysis, which revealed the existence of
a direct, strong, reliable connection between
observed and expected (considering the relative
length) frequency of chromosome damage (Table 2).
In bystander cells incubated in mixed cultures with
lymphocytes exposed in dose 0.25 Gy between reg-
istered and expected number of chromosome dam-
ages direct reliable connection of mean strength was
established, which, in our opinion, due to the fact
that in this variant of the experiment only in 50 % of
surveyed persons bystander effect was registered.
The data obtained agree with the results of
research K. Ohtaki where in persons survived the
atomic bombing of Hirosima was revealed linear
dependence of chromosomes' participate in the for-
mation of stable aberrations on the relative content
of DNA (r = 0.92), ie practically from chromosome
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Ta6auuyga 2

BennunHa koediyieHTa Kopenauii MiX o4iKyBaHOl0 3 ypaxyBaHHAM BifHOCHOT AOBXMWHU Ta 3apEECTPOBAHOID

4acToTON MOLWKOAKEHD
Table 2

The value of the correlation coefficient between expected considering the relative length and registered fre-

quency of damages

Bapiantu gocnigy / variants of experiment R xy
Knituhu-ceipku, 0,25 p / bystander cells 0.25 Gy 0,51
KnituHu-ceigku, 1,00 Ip / bystander cells 1 Gy 0,83
OnpowmiHeHi knituHm, 0,25 Ip / irradiated cells 0.25 Gy 0,89
OnpowmiHeHi knituHm, 1,00 p / irradiated cells 1 Gy 0,86

MpPaKTUYHO BiJl TOBXUHU Xxpomocomu [18]. Pazom 3 Tum,
S. Knehr 3i cmiBaBTOpaMHM ITOKa3ajJy HEOJHAKOBY
MMOBIpHICTb yYacTi pi3HUX XPOMOCOM B panialiiiHO
iHIYKOBaHUX MepedyaoBax, 110 Ha AYMKY aBTOPiB, MOXe
OyTH MOB'sI3aHO 3i CTPYKTYpOIo XpomocoM [19]. Xpomo-
comu 3 BucokuM Bwmictom JHK (1-7) pimme Opamm
y4acTh B OOMiHHMX MOIITKOMXKEHHSX, i HaBIMaK/l, XPOMO-
comu 3 MeHIMM BMicToM JAHK (X-14) gacrinre Bxoau-
JIM 10 abepalliil, HixX LIbOrO OYiKyBaJIM, 0a3yI0OUKUCh Ha iX
JIOBXXMHi. BapTo 3ayBaxkuTu, 1110 JaHi 11010 MOLIKOMIXY-
BAHOCTI OKpEMHX XPOMOCOM TIpU iHAYKIil edeKTy
CBilKa B JIiTepaTypi BiICYTHI.

B Hammx gociigKeHHsIX TaKOX BUSIBJIEHO Oijbliie Y
MEHIIIEe MOIIKOMKEHHS NEeSIKMX XPOMOCOM ITOPiBHSIHO 3
OYiKyBaHMM TIOKAa3HMKOM, 10 0Oa3yBaBcsg Ha ix
BiZHOCHIiN moBxwuHi. Tak, xpomocoma 17 (mpu oII-
pomiHeHHi 1 Ip); 1, 2 (mpu onpominenHi 0,25 Ip) 3, 7,
13, 16 (B KJIiTMHaAxX-CBigKax NpW KYyJbTUBYBaHHI 3
JnimdouuTamMu, onpoMiHeHuMH B 103i 0,25 Ip), 4, 5 (B
KJIITUHAX-CBiIKax MpU KyJbTUBYBaHHI 3 JiM@ouuTamu,
onpoMiHeHUMH B 103i 1 Ip) momKoaKyBaaMCh YacTillle.
Sx y BapiaHTax gOCJiay 3 ONPOMiHEHHSIM, TaK i B KJIiTU-
Hax-CBiJIKax i KOHTPOJIi, >KOAHOIO pa3y He PeECTPYBAIU
po3puBiB Y-XpoMocoMU. BiACyTHiCTh iHAYKOBaHUX
panianieto po3puBiB B Y XpOMOCOMi CIOCTEpiraau TaKox
M. Bauchinger [20] i K. Buckton [21] B mocmigax in vitro
Micys il Ha KyJIbTYpY JiMQOLUTIB repuepudHoi KPoBi
JIIOAVHU PEHTIEHiBCbKMX MPOMEHIB.

AHaJi3 MOIKOAXYBAHOCTI OKPEMUX JIOKYCiB XpOMO-
COM J03BOJIMB BUAIIUTU O€HAU, 1110 YaCTillle MOIIKOJI-
KyBaJIMCh 0e3MmocepeIHbO 10HI3yI0OUNMM BUITPOMiHIOBAH-
HSIM i BHACJIIOK iHAYKIIi1 e(heKTy CBilKa B HEOIIPOMiHe-
HUX JiM@OLMTAX MPU KyJIbTUBYBaHHI 3 ONIPOMiHEHUMU
kimitmHaMu (Ta6g. 3). [ligBuiieHa pagio9yTanuBICTh eI~
KMX 3 HMX BXe BigMiueHa HaMM paHillle, a TaKOX 3a-
peecTpoBaHa iHIIMMHU aBTOpaMu. Tak, Oijble MOIIKOI-
KeHHsI 6eHny 1g21 3apeecTpoBaHO HAMM y MpaLliBHUKIB
YopHoOmiabebKkoi aromHoi enekTpoctaniii (HAEC), axi

length [18]. However, S. Knehr et al. showed
unequal probability of participation various chro-
mosomes in radiation-induced rearrangements that
according to the authors may be associated with
structure of chromosomes [19]. Chromosomes with
a high content of DNA (1-7) rarely participated in
the exchange injuries, and vice versa, chromosomes
with lower content of DNA (X-14) more frequently
took part in forming of aberrations than it expected
based on their length. It should be noted that data
on individual chromosome damages at the induc-
tion of bystander effect absent in the literature.

In our studies more or less damage of some chro-
mosomes compared to the expected based on their
relative length also was found. Thus, chromosome
17 (in cells irradiated in dose 1.0 Gy); 1, 2 (in cells
irradiated in dose 0.25 Gy), 3, 7, 13, 16 (in
bystander cells cultured with lymphocytes exposed
in dose 0.25 Gy), 4, 5 (in bystander cells cultured
with lymphocytes exposed in dose 1.0 Gy) more
often damaged. As in all variants of experiments
with irradiation as in bystander cells and in control
never observed breaks in Y-chromosome. The
absence of radiation induced breaks in Y-chromo-
some also observed M. Bauchinger [20] and K.
Buckton [21] in the experiments in vitro after X-
ray exposure the culture of human peripheral
blood lymphocytes.

Analysis the damageability of individual chromo-
some loci allowed to select the bands that more often
damaged as directly by ionizing radiation as because
the induction of bystander effect in non-irradiated
lymphocytes cultured with irradiated cells (Table 3).
Increased radiosensitivity some of them was already
found by us earlier and was registered by other
authors. Thus, the more damage of band 1921 was
registered by us in personnel of Chornobyl Nuclear
Power Plant (NPP) exposed to low doses of ionizing
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Taoauuya 3

JloKkycK, B AKUX 3apeeCTPOBaHO HaNbGinbLWa KiNbKicTb NOWKOAMXKEHb XPOMOCOM

Table 3

Loci, in which the largest number of chromosome damages was registered

Bapiantu gocniay / variants of experiment

Jlokycm / loci

Knitunu-ceinku, 0,25 'p / bystander cells, 0.25 Gy 3g21
Knitunu-ceigku, 1,0 I'p / bystander cells, 1 Gy
OnpowmiHeHi knituHm, 0,25 T'p / irradiated cells, 0.25 Gy
OnpowmiHeti knituHm, 1,0 Mp / irradiated cells, 1 Gy

3021; 4q31; 5g31; 11923
6027; 7p15; 8p11; 10p11
1p22; 1921; 2q14; 2g31; 3p21; 5q31;6p21; 6021;7922; 8922; 9p22; 9p13; 9q13; 10p11;

10g21; 11023; 12922; 12q924; 13q14; 14g24; 16q22; 17925; 19p13; 20q13; 22913

3a3HaBaIM il pafgialii B MaJMX J03ax BHACIiIOK Mpo-
(deciitHOI isITBHOCTI, Y 0Ci0, SIKi MepeXBOPiIU Ha TOCTPY
npoMeHeBy xBopoOy apyroro crtyrneHs (I'TIX-2) BHa-
CJIiIOK OTIPOMIiHEHHS i Yac JIiKBigallii HacaiaKiB aBapii
Ha YAEC [22], aTakox C. Lee and O. Kamra B gociizax
in vitro [23], L. Barrios — 6e3mocepeHbO ITiCJisl CeaHCiB
pamioteparii [24] Ta K. Buckton Tmicist ormpomiHeHHS
XBOPUX Ha CIIOHIWIIT [25].

benn 7q22 3apeecTpoBaHMii HaMM cepel HaWOiMbII
MOLIKOKYBAHUX pafdialli€elo y 0cib, sSKi nmepexBopijin Ha
TrocTpy mpoMeHeBy XxBopo0Oy nepiroro cryrens (I'TIX-1)
[22], a Takox B mochimkeHHsax M. Bauchinger et al., L.
Barrios et al., K. Buckton et al., Y. Kano et al. [20, 24-
26]. Benn 3p21, sIK BCTAaHOBJIEHO B HAIMX MOIEPEIHIX
JOCHiAXKEHHSIX, YacTillle MOLIKOAXKYBaBCs y 0Ci0, SIKi me-
PEXBOPIJIN Ha TOCTPY MPOMEHEBY XBOpoOy [ 22].

3arajioM, aHajdi3 Micllb JOKaJli3allil HaiOIbII TTOII-
KOIXKYBaHUX CMYT XPOMOCOM IIOKAa3aB, IO SIK y OII-
POMiHEHMX KJIiITMHAX, TaK i B KJIIITUHAX-CBiAKaX 1X po3Ta-
IIyBaHHS HaiyacTille CIiBIIagaao 3 «rapsuuMM TOUYKa-
MU» TTOLIKOIKYBAHOCTI XpOMOCOM MPU OMPOMiHEHHI Ta
¢parinbHuMU caiitamu [27].

BusHaueHHSI MMTOMOI Baru eyXpoMaTMHOBUX Ta reTe-
POXpPOMATUHOBUX OCH/IB cepeli 3arajbHOI KiJIbKOCTI 3a-
peECTPOBAHMX MOLIKOIKEHb XpOMOCOM ITOKAa3aJ1o, 110 Y
BCiX OOCTeXXeHUX Trpynax Oiabll YYyTIMBUMHU A0 Ail
pamiaitii Oyim eyXxpoMaTUHOBI paiiloHN XpoMOcoM (TaOJT.
4). Takuit po3nonin pagialiiHO-iHIYKOBaHUX TTOLIKO/I-
JKEeHb Y3TOIKYETBCS SIK 3 paHillle POBEACHUMM HaMU
TOCTiIKeHHSIMU, TaK i 3 naHuMu M. Bauchinger Tta L.
Barrios 3i criBaBTOpamu [20, 24]|. bepyuu mo yBarm, 1o
Bin 53 mo 61 % noBxuHu reHomy € G-HeraTUBHUM [23,
28], MOXHa BBaxaTH, III0 €yXPOMAaTUHOBiI pailoHU
YaCTillle TOIIKOMKYIOTECS SIK B HEOIIPOMIHEHOMY Op-
raHismi, Tak i mig yac aii pagiauii.

AHaJi3 po3nomdily 3apeecTpoBaHUX B IOCIiIKEHHSIX
MOILIKOKEeHb B3J0BX XPOMOCOM [OKa3aB, IO B OIl-
poMiHeHux B 103i 1 Ip KiiTMHAX Ta KIIITMHaAX-CBiAKax
npu onpomiHeHHi 1 Ip yacTka 3apeecTpoBaHUX B LIEHT-

(1) 154

radiation as a result of their professional activity and
in persons recovered from acute radiation sickness
second degree of severity (ARS-2) due to irradiation
under liquidation the consequences of Chornobyl
disaster [22] and also by C. Lee and O. Kamra in the
in vitro studies [23], L. Barrios — immediately after
radiotherapy session [24] and K. Buckton after irra-
diation of patients with spondylitis [25].

Band 722 was detected by us among the most
damaged loci in people recovered from acute radi-
ation sickness first degree of severity (ARS-1) [22]
and in M. Bauchinger et al., L. Barrios et al., K.
Buckton et al., Y. Kano et al. studies [20, 24-26].
Band 3p21 as was shown in our previous studies
more often damaged in patients recovered from
acute radiation sickness [22].

Overall, the analysis of localization the most
damaged chromosome bands showed that in both
the irradiated cells and bystander cells their loca-
tion often coincided with the «hot spots» of chro-
mosome injury following irradiation and with frag-
ile sites [27].

Determination the proportion of euchromatin
and heterochromatin bends among the total num-
ber of registered chromosome damages showed
that in all examined groups more sensitive to the
radiation exposure were euchromatin regions of
chromosomes (Table 4). Such distribution of radi-
ation-induced damages agreed both with previous-
ly conducted our studies and with the data received
by M. Bauchinger and L. Barrios et al. [20, 24].
Considering that from 53 to 61 % of the genome
length is G-negative [23, 28], we can assume that
euchromatin areas often damaged as in non-irra-
diated as in radiation-exposed organism.

Analysis the distribution of detected damages
along chromosomes showed that in directly exposed
in dose 1.0 Gy cells and in bystander cells at the
same dose the proportion of breaks registered in the
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Taonauua 4

YacTKa eyXxpoOMaTUHOBMX Ta reTepoXpoMaTUHOBMUX GeHAIB cepep 3aranbHOi KilbKOCTi 3apeecTPOBaHMUX NOLIKOA-

»eHb XpOMOCOM
Table 4

The proportion of euchromatin and heterochromatin bands among the total number of registered chromo-

some damages

Bapiantu gocnigy
Variants of experiment

EyxpomatuHoBi 6eHgu, %
Euchromatin bands, %

FeTepoxpomatuHoBi 6eHau, %
Heterochromatin bands, %

KoHtpons / control

KnituHu-ceigku, 0,25 'p / bystander cells, 0.25 Gy
Knitunu-ceigku, 1,0 Ip / bystander cells, 1.0 Gy
OnpowmiHeHi knituHm, 0,25 p / bystander cells, 0.25 Gy
OnpowmiHeHi knituHm, 1,0 Tp / bystander cells, 1.0 Gy

83 17
86 14
88 12
86 14
82 18

poMepHUX paitoHax xpomocoM (pll-cen-ql1) po3puBiB
Oys1a MeHII010, HixXK B KOHTpoi (p < 0.05) (Tadu. 5).

OTpuMaHi JaHi y3romKyThCs 3 pe3yJbsTaTaMy HallIuX
norepeaHix A0CTiIKeHb, KOJU B 0Ci0, SIKi 3a3HaIN OIl-
POMIiHEHHS Y BUCOKMX J03aX Ta nepexsopiiu Ha ['TIX,
BiICOTOK 3apeecTpoBaHMX B ILIEHTPOMEPHUX palioHax
XPOMOCOM PO3PUBIB OyB MEHIIMM, HiXX B KOHTPOJIbHil
rpymi (p <0.05) [22] Ta cmiBcTtaBHi 3 gaHuUMU M.
Bauchinger ta K. Buckton, gxi BcTaHOBMIN, IO KiJTb-
KiCTh JIOKaJIi30BaHUX Yy LIEHTPOMEPHOMY paioHi ITOIII-
KOIXXEeHb MPHU OMPOMiHEHHi in vitro ctaHoBwia 8 Ta 10
%, BignosinHo [20, 21].

ITomkoaxeHHsI TepMiHaTIbHUX O€HIB B OIIPOMiHEHUX
KJITUHAX He Majo CTaTUCTUYHO AOCTOBIPHOI pi3HUII 3
KOHTpPOJbHUMU NoKa3HuKamu (p > 0.05). Ockinbku Te-
JIOMEpHU BiAirparoTh 3HAYHY POJIb B cTadiIi3allii XpoMo-
coM [29, 30], 3apeecTpoBaHMIii pe3yabIaT CBiITUUTH PO
CTabiJIbHICTh TEHOMY OOCTEXKeHMX HaMM Ocib. 3aciyro-
BYy€e Ha yBary i Toi akT, 110 MNOIIKOIXYBaHiCTh
TepMiHaJIbHUX OEHMAIB Yy KJIITUHAX CBiIKax Oyjia HIX-
4010, Hixk B KoHTpodi (p < 0.05), 1110, MOXINBO, MOXe
OyTM HACiIKOM MEeBHOI CTUMYJISALLIT MpOleciB penapatiii
B T€JIOMEPHUX paiioHaX XpPOMOCOM IPU PO3BUTKY eeK-

Ta6auua 5

centromeric regions of chromosomes (pll-cen-
ql1) was lower than in control (p <0.05) (Table 5).

The data received consistent with the results of
our previous studies, when in persons exposed to
high radiation doses and recovered from ARS the
percentage of chromosome breaks registered in the
centromeric regions was lower than in the control
group (p < 0.05) [22] and are comparable to data
of M. Bauchinger and K. Buckton which estab-
lished that number of localized damages in cen-
tromeric region under irradiation in vitro was 8
and 10 %, respectively [20, 21].

Damages in terminal bands of irradiated cells
had no statistically significant difference with con-
trol parameters (p > 0.05). Because telomeres play
an important role in chromosomes' stabilizing [29,
30], the results received testifies stability the
genome of examined individuals. Noteworthy is
the fact that vulnarability of terminal bands in
bystander cells was lower than in control (p <
0.05), which may be the result the stimulation of
repair processes in the telomeric regions of chro-
mosomes at the development of bystander effect

YacTKa po3puBiB, L0 JIOKaNi3yBaNnCh B UEHTPOMEPHUX PaloHaX Ta TepMiHaNbHUX 6eHAAX, Bif 3araibHOi Kinb-

KOCTi 3ape€CcTPOBaHNX NOLWKO/AXKEHb XPOMOCOM
Table 5

The proportion of breaks that localized in centromeric regions and terminal bands from the total number of

registered chromosome damages

BapianTtu gocnigy
Variants of experiment

LieHTpomMepHi paiioHu XxpoMocoM, %
Centromeric regions, %

TepmiHanbHi 6engu, %
Terminal bands, %

KoHtpons / control

Knitunn-csiakm, 0,25 I'p / bystander cells, 0.25 Gy
Knitunmn-cainkm, 1,0 Ip / bystander cells, 1 Gy
OnpowmiHeni knituHm, 0,25 I'p / irradiated cells, 0.25 Gy
Onpowmineni knituHm, 1,0 Ip / irradiated cells, 1 Gy

1.1 33,3
12,0 28,0
5,3 28,0
9,5 31,0
71 32,2
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Ty CBi/IKa, CIIPSIMOBAHOI Ha 3aXUCT LIJTICHOCTI i CTabLIb-
HOCTi FEHOMY KJIiTHH.

BUCHOBOK

Takum ynHOM, TIpOBeNeHUI aHali3 PO3MOAITY iHIYKO-
BaHUX pajialliel0 pO3pUBIB cepea XpPOMOCOM Ta ix
OeHJiB IIOKa3aB, 11O B OIMNPOMiHEHMX KJIITUHAX Ta
KJIiITUHAX-CBiIKaX 4acToTa IOLIKOMXEHUX OCHMIiB Ta
KUTBKICTh PO3PMBIB, SIKi JOKAJTi3yBaJIMCh B HUX, MeEpe-
BUIYBaJla KOHTPOJbHY. XPOMOCOMM IOIIKOIXYBa-
JIMCh BiIMIOBIZHO 10O 1X BiIHOCHOI MOBXWHU. Pazom 3
TUM, Y BCiX BapiaHTax JOCJiay 3yCTpidyalich XpOMOCO-
MU Ta OEHIM, 110 OyJIM MOILIKOIXEHI yacTilre. AHami3
Miclb JoOKadi3alii HalOiMbII MOIIKOAXKYBAHUX CMYT
XpOMOCOM MOKa3aB, 110 SIK B OMPOMiIHEHUX KJIITMHAX,
Tak i B KJITMHAX-CBigKaX iX po3TalllyBaHHsS 4YacTillle
CHIBMAJANI0 3 «TapsidYMMU TOYKAMU» ITOIIKOIKYBa-
HOCTi XpOMOCOM IIpU OINPOMiHEHHi Ta (pariibHUMHU
cailTaMu. binbll 4YyTAIMBUMU OO0 iOHI3YyIOUOrO BUII-
poMiHioBaHHS Oynu G-HeraTUBHiI OEHIM XPOMOCOM.
ITomkomKyBaHiCTh TEpMiHAJILHUX O€HIIB B OTIPOMiHE-
HUX KJIITMHAX He Maja JOCTOBIpHOI Pi3HULI 3 KOHTPO-
JIeM, a y KJIiTMHaxX CBigKax Oyja HUXYOIO BiJ KOHT-
poabHoi (p < 0.05).
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aimed at protect the integrity and stability of the
cells' genome.

CONCLUSION

Thus, analysis the distribution of radiation induced
breaks between chromosomes and their bands
showed that both in directly irradiated cells and in
bystander cells the frequency of damaged bands and
number of breaks, which localized in them exceed-
ed control values. Chromosomes were damaged
according to their relative lengths. However, in all
variants of the experiment encountered certain
chromosomes and their bands that more often dam-
aged. Analysis the places of localization the most
damaged chromosome bands showed that location
of bands with increasing number of breaks often
coincided with the «hot spots» of chromosome dam-
ages following radiation exposure and with fragile
sites. More sensitive to irradiation were G-negative
euchromatin chromosome bands, in which were
localized 82—88 % breaks. Damageability of telom-
eric regions in the irradiated cells had no significant
difference from the control, while in bystander cells
was even lower than control values (p < 0.05).
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