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JOCIIIKEHHA CTABIJIbHOCTI XPOMOCOM COMATNYHUX
KIITUH JIOAUHHA 11PN PO3BUTKY BTOPUHHOTI'O
PAJITAIIIMHO-IHAYKOBAHOI'O E®EKTY CBIIKA

MeTa: BCTaHOBUTH piBeHb XpPOMOCOMHOT HecTabinbHOCTI B niMdoumnTax nepudepryHoi KpoBi NIOAUHN NpU PO3BUTKY
BTOPUHHOTO pafiaLiitHo-iHAYKOBAHOTO edeKTy CBiaKa.
Marepianu i meToau. Jlimbountn nepudepnyHoi KPoBi NIOANHY; KYbTYpa KNiTUH HELPIOHOKNITUHHOMO paKy NereHb
noanHn ninii A-549 (onpominena in vitro *’Cs B po3i 0,50 [p/HeonpomiHeHa). LiuToreHeTu4YHMiA aHani3 piBHOMipHO 3a-
GapBneHunx xpomocom niMmdoumnTtie nepudepuyHoi KpoBi NIOAMHM 3 BU3HAYEHHAM YacToTK BCixX TUNiB abepauiii.
Pesynbratu. CepesHborpynosa Yactota abepaliit xpoMocom (4,75 Ha 100 kniTuH) y nimpoumtax nepudepuyHoi KpoBi
NIOAVHK, WO KYNbTUBYBANMCD 3 AO[ABAHHAM KOHAMLIHOTO KyNbTypaNbHOTO CepefoBuILa Bif KNiTUH-CBigKiB HeApiOHO-
KNITMHHOTO paKy NereHi NoguHM KNiTUHHOT NiHiT A-549, nepesuwysana koHTponbHy (1,60 Ha 100 knituH) (p < 0,001)
3a paxyHoK 30iNblWEHHA YacToTU OAMHOYHMX dparmeHTiB Bif 1,20 fo 3,95 Ha 100 knituH (p < 0,001). CepeaHborpy-
noBi yacToTn abepaliit xpoMocoM i abepaliit xpomaTuaHoro Tuny B niMbouuTax nepudepuyHoi KpoBi NIOANHM 33 po3-
BUTKY nepBuHHoOro (5,80 i 4,35 Ha 100 kniTMH BiANOBiAHO) i BTOPMHHOTO (4,75 i 3,95 Ha 100 KNiTUH BiANOBIAHO)
pagiauinHo-iHayKoBaHoro eeKTy CBifKa 3HauylLe He Bigpi3HANUCL ofHa Big ogHoi (p > 0,05).
BuCHOBKM. 3a KynbTMBYBaHHA NiMdOLNUTIB NnepucepuyHoi KpoBi NtOANHM 3 AOAABAHHAM KOHAMLIAHOMO cepeaoBuLLa
Bif KNiTUH-CBigKiB HePiOHOKNITUHHOTO paKy nereHi noanHn A-549 3apeecTpoBaHO BTOPUHHUI pafiallinHo-iHAYKO-
BaHWII edeKT CBigKa, LMTOTEHETUYHUM NPOSBOM AKOro Oyno NiABULEHHA PiBHA XPOMOCOMHOi HecTabinbHOCTI
BHACNiAOK 36iNblieHHs YacTOTW abepauiit xpomaTugHoro Tuny (0aMHOYHUX dparmeHTiB). PiBHi abepaliit xpomocom
XPOMaTUAHOTO TUNY NPU PO3BMTKY NEPBUHHOIO i BTOPUHHOTO pafialiiHO-iHAYKOBAHOIO e(ekTy CBifKa 3Hauylle He
Bifpi3Hanucsa. Po3BUTOK BTOPUHHOIO pafialiiiHO-iHAYKOBAHOro edekTy CBifKa He BMAMHYB Ha iHAYKUilo abepalliit
XPOMOCOMHOTO TUMY.
KnioyoBi cnoBa: papiauiitHo-iHAyKOBaHWI edeKT cBigKa; nimdbounTu nepudepuyHoi Kposi nloanHu; abepauii xpo-
MOCOM; KNiTUHU HefpiOHOKNITUHHOTO paKy NereHb NoAUHK NiHiT A-549.,
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STUDY OF CHROMOSOME STABILITY OF HUMAN SOMATIC
CELLS IN THE DEVELOPMENT OF THE SECONDARY
RADIATION-INDUCED BYSTANDER EFFECT

Objective. To establish the level of chromosomal instability in human peripheral blood lymphocytes during the
development of secondary radiation-induced bystander effect.
Materials and methods. Human peripheral blood lymphocytes; culture of human non-small-cell lung cancer cell line
A549 (irradiated in vitro by **’Cs in a dose of 0.50 Gy/unirradiated). Cytogenetic analysis of uniformly colored chro-
mosomes of human peripheral blood lymphocytes with determination of the frequency of all types of aberrations.
Results. The mean group frequency of chromosome aberrations (4.75 per 100 cells) in human peripheral blood lym-
phocytes co-cultivated with conditioned culture medium from bystander cells of human non-small cell lung cancer
cell lines A-549 exceeded the control (1.60 per 100 cells) (p < 0.001) due to an increase in the frequency of single
fragments from 1.20 to 3.95 per 100 cells (p < 0.001). The mean group frequency of chromosome aberrations and
chromatid-type aberrations in human peripheral blood lymphocytes during the development of primary (5.80 and
4.35 per 100 cells, respectively) and secondary (4.75 and 3.95 per 100 cells, respectively) radiation-induced by-
stander effect did not significantly differ from each other (p > 0.05).
Conclusions. Under the conditions of co-cultivation of human peripheral blood lymphocytes with conditioned cul-
ture medium from bystander cells of human non-small cell lung cancer A-549, a secondary radiation-induced by-
stander effect was registered, the cytogenetic manifestation of which was an increase in the level of chromosomal
instability due to the rise in the frequency of chromatid-type aberrations (single fragments). The levels of chro-
matid-type chromosome aberrations during the development of the primary and secondary radiation-induced
bystander effect did not differ significantly. The development of the secondary radiation-induced bystander effect
did not affect the induction of chromosomal-type aberrations.
Key words: radiation-induced bystander effect; human peripheral blood lymphocytes; chromosome aberrations;
human non-small cell lung cancer cell lines A-549.
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BCTVYII

TpanguiiliHa KoHLEMLis paniobionorii 6a3yeTbCsl HA Te-
opii MillleHi, 3riIHO 3 SIKOIO BCi 0ioJIOriyHi edeKkTu npu
OIPOMIiHEHHI KJIITMH € HACTiIKOM TIPSIMOTO TTOIIKOIKEH-
HI i0OHI3yI0YMM BUIIPOMiHIOBAaHHSIM XpOMAaTHHY siIpa, Te-
HETUYHOTO arapary MiTOXOHApiil, MeMOpPaHHOI CUCTEMU
kJtituH [1]. I1pore 151 Moaeib 3MiHWIACH ITIiC/IsI BIIKPUTTS
HeMillleHeBUX e(eKTiB Ail i0Hi3ylIouoro BUITPOMiHIOBAH-
HSI, SIKi CTOCYIOThCS 0iOJIOTIYHUX 3MiH Y HEOPOMiHEHMX
KJITHHAX, 110 3a3HaJM IIOIIKOIXEHHs Bia Oe3mnoce-
pPeIHBO OTIPOMIHEHUX KIIITUH [2—5]. BigkpuTTs myximH-
HO-iHAYKOBaHOTO e(heKTy CBilKa Ta pSITYBAIbHOTO e(eK-
Ty JO3BOJIMJIO TOBOPUTH TIPO YHiBEPCATbHICTh (PEHOMEHY
edeKTy CBigKa SK BiAMOBiAi OpraHi3My Ha F€HOTOKCHY-
HuUii cTtpec [6—8]. OnmcaHo sIBUIE BTOPUHHOIO pajia-
LiAHO-1HAYKOBAHOTO e(heKTy CBiKa, KOJU MepBUHHI KJTi-
TUHU-CBIIKY BUCTYIAIOTh iHAYKTOpaMU IOIIKOIKEHb B

P« Olena V. Shemetun, e-mail: shemetun@ukr.net

INTRODUCTION

The traditional concept of radiobiology is based
on the theory of the target, according to which all
biological effects of cell irradiation are the result
of direct damage by ionizing radiation to the
chromatin of the nucleus, the genetic apparatus
of mitochondria, and the membrane system of
cells [1]. This model changed after the discovery
of non-target effects of ionizing radiation,
which refer to biological changes in non-irradi-
ated cells that were damaged by directly irradiat-
ed cells [2—5]. The discovery of the tumor-
induced bystander effect and the rescue effect
made it possible to talk about the universality of
the phenomenon of the bystander effect as an
organism’s response to genotoxic stress [6—8].
The phenomenon of the secondary radiation-
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oTouylounx a6o BimganeHux kiituHax [9, 10]. Moro
IHAYKIIiSI MOXEe CIIPUSITU MOLIMPEHHIO TEHOMHOI Hec-
TaOiIbHOCTI B OpraHi3Mmi, sSIKWil 3a3HaB ONMPOMiHEHHSI,
1110 BaXXKJIMBO BpaXOBYBaTH IIPU IIPOBEAECHHI ITPOMEHE-
BOI Tepallii OHKOJIOTIYHMX 3aXBOPIOBaHb IS 3a-
noO6iraHHs pO3BUTKY BTOPMHHMX 3JI0SIKiCHUX HOBOYT-
BOpEeHb pafialiitHoro reqesy [11].

I1pu MmonenoBaHHiI pagialliiiHO-iHIYKOBaHOTO e(deK-
Ty CBilka YacCTO BUKOPHCTOBYIOTbH MepellerLIIoBaHi
KyJbTYpH KJITUH. KyJabTypy KJIITMH HEeIpiOHOKIITUH-
HOro paky JiereHb JIIoauHu A-549 3acTOCOBYBaIH,
3/1e0IJIBIIIOTO, SIK CBilKa JIJIs TOCIiIKEHHS MpoJticdepa-
1ii, pocCTy, amomnTo3y, MeTacTa3yBaHHS, YTBOPEHHS
Mikposiaep Ta po3puBiB JJTHK B oHkoTpaHcdopMoBa-
HUX KJIITMHAX IIpU B3aEMOJil 3 ONPOMIHEHUMU HOP-
MaJIbHUMU/MYXIUHHUMHU KiaituHamu [12—15]. Mu
3MOJIEJIIOBAId PO3BUTOK BTOPMHHOIO padialliiiHO-
iHIYKOBaHOIO e(PEeKTy CBilKa 3 3aCTOCYBAaHHSIM KJIITUH
A-549 gk iHIyKTOpiB OalicTeHIep CUTHAIY B iIHTAKTHUX
JiMdpouunTax nepudepruyHoi KpoBi JIOIUHU, SIKi €
CTaHAAPTHUMM KJIITUHAMU Y LIMTOT€HETUYHUX JOCHTiI-
JKEHHSIX 3 MyTareHe3y. Takuit miaxia 103BOJIMB KOPEKT-
HO OLIIHUTU piB€Hb XPOMOCOMHOI HECTa0OUILHOCTI TIpU
PO3BUTKY II€PBMHHOIO Ta BTOPMHHOIO pajialliiHO-
iHIYKOBaHOTO €(eKTy CBilka B COMaTUYHMX KJTITUHAX
JIIOAWMHY, BU3HAYUTU YACTOTY Ta CIIEKTp abepalliii Xpo-
MOCOM, III0 YTBOPIOIOTHCS IIPU LILOMY.

META

MeTo10 pob6oTH 0yJIO BCTAHOBJIEHHSI PiBHS XPOMOCOM-
HOi HecTaOilbHOCTI B nmiMdouuTax mnepudeprudHoi
KpOBi JIIOAMHU TIpU PO3BUTKY BTOPUMHHOIO pajialliii-
HO-iHIYKOBaHOIO e(PeKTy CBiaKa.

MATEPIAJIN TA METOJIH

HocnimKkeHHsT CTabiIbHOCTI XpOMOCOM COMATUYHUX
KJIITUH JIOAWHU MpU PO3BUTKY BTOPMHHOIO paia-
HiiHO-1HAYKOBAHOTO e()eKTYy CBilKa BUKOHAHO 3 BU-
KOPUCTAaHHSIM KJIITUH HEAPiOHOKJIITUMHHOIO paKy Je-
reHb JIOOMHM JiHii A-549 (4K iHOIYKTOpPiB CUTHATY
edekTy cBigka) i JiM@ounTiB mepudepuIHoi KpoBi
JIIOAVHU (SIK KJIITMH-CBIJKiB), 1€ PEECTPYBAJIU LIUTOTe-
HETUYHi MOoKa3HUKU. MeniaTopoM pO3MOBCIOIXKEHHS
CUTHaJly e(peKTy cBigKa Oyl10 KOHOMIIiiHE cepeloBU-
11e KIiTuH A-549.

ITpu BUKOHAHHiI poOOTH BUKOHYBAJIU OKPEME KYJb-
TUBYBAHHS JIiIM(MOUNTIB epruepuIHOl KPOBi JTIOTUHNA
I BU3HAUYEHHS B HUX (POHOBOrOo (KOHTPOJBHOTO)
piBHS abOepalliii XpoMOCOM; KYJBTUBYBaHHS JiMpoO-
LUTIB Tepu@epruyHOi KpOBi JIOAMHU 3 J0JaBaHHIM
KOHAULIMHOIO cepeaoBuilia KyJbTypU KIITUH HeApio-

(1) 230

induced bystander effect has been described when
primary bystander cells act as inducers of damage in
surrounding or distant cells [9, 10]. Its induction
can contribute to the spread of genomic instability
in an organism that has undergone irradiation,
which is important to consider when conducting
radiation therapy for oncological diseases to prevent
the development of secondary malignant neoplasms
of radiation origin [11].

Cell cultures are often used to model the radia-
tion-induced bystander effect. Human non-small
cell lung cancer cell culture A-549 was used, mostly,
as a bystander to study proliferation, growth, apop-
tosis, metastasis, formation of micronuclei, and
DNA breaks in oncotransformed cells when inter-
acting with irradiated normal/tumor cells [12—14].
We modeled the development of a secondary radia-
tion-induced bystander effect using A-549 cells as
bystander signal inducers in intact human peripher-
al blood lymphocytes, which are standard cells in
cytogenetic mutagenesis studies. This approach
made it possible to correctly assess the level of chro-
mosomal instability during the development of the
primary and secondary radiation-induced bystander
effect in human somatic cells, and to determine the
frequency and spectrum of induced chromosome
aberrations.

OBJECTIVE

The work aimed to establish the level of chromoso-
mal instability in human peripheral blood Ilympho-
cytes during the development of the secondary radi-
ation-induced bystander effect.

MATERIALS AND METHODS

Chromosome stability of human somatic cells during
the development of the secondary radiation-induced
bystander effect was studied using human non-small
cell lung cancer cell lines A-549 (as inducers of the
bystander effect signal) and human peripheral blood
lymphocytes (as bystander cells), where cytogenetic
parameters were recorded. The mediator of the signal
dissemination of the bystander effect was the condi-
tioned medium of A-549 cells.

When performing the work, separate cultivation of
human peripheral blood lymphocytes was carried
out to determine the control level of chromosome
aberrations in them; cultivation of human peripher-
al blood lymphocytes with the addition of condi-
tioned medium from the culture of non-small cell
lung cancer cell lines A-549 to study its possible
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HOKJTITUHHOTO paKy JiereHb A-549 niist foCTiKeHHS Ho-
0 MOXJIMBOTO BIUIMBY Ha iHTaKTHi JiM(MOLIMTU; KYJIBTH-
BYBaHHS JIiIM(MOINTIB TleprdeprnyHOi KPOBi JTIOONHU 3
JoAaBaHHSIM KOHAUILIIHHOTO cepeloBHIla BiJ OMpPOMiHe-
HOI in vitro KyJIBTYpU KIIITUH HEAPIOHOKITITUHHOTO paKy
JlereHb A-549 mis1 MojaentoBaHHSI PO3BUTKY B HUX Iep-
BUHHOTO palialiifHO-iHAyKOBAaHOTO e(eKTy CBiaKa;
KyJIBTUBYBaHHS JiM(OILIUTIB TIepUdeprUUHOi KPOBi JTI0-
IHU 3 TOJAaBaHHSIM KOHAUIIITHOTO cepeaoBHIIA BilTl He-
OINPOMIHEHOI KYJIbTYpU MEPBUHHUX KIITUH-CBIiAKiB He-
JIpiIOHOKJIITUHHOTO paky JereHb A-549 nis MoneatoBaH-
HS PO3BUTKY B JliMpouuTax nepudepruyHoi KpoBi BTO-
PUHHOTO pafialliifHO-iHAYKOBaHOTO e(heKTy CBiaKa.

Ho mocnigKeHHsT Ha OCHOBi MOiH(POPMOBAHOI 3roau
OyJIM 3ajly4eHi JIecsTh 3I0POBUX OCI0O cepeaHbOro BiKY,
SIKi 3arepeuyBalii CBiZOMMIT KOHTAKT 3 iOHi3yI0UOIO pa-
Jiali€ro Ta iHIIMMU MyTareHHUMU YUHHUKAMMU.

KyabTuBYBaHHS 1LiJIbHOT KPOBi JTIOAMHU BUKOHYBAJIHU 3
BUKOPUCTAHHSIM 3arajbHOBXXMBAHOIO HAIliBMiKPOMETO-
oy y Hamriii momudikauii [15]. Kmitunu HeapiOHOKITI-
TUHHOTO paKy JereHb JIOAUHU A-549 KylbTUBYBaJIU B
noxuBHoMy cepenopuini Advanced DMEM/F12 3a
CTaHIapTHOIO MeToAuKoIo [16, 17].

I1pu BU3HAUYEHHI BIJINBY KOHAMULIMHOTO cepenoBUIIaA
KITiTUH A-549 Ha JiM@pOLUTU KpPOBi JIOAWHU MHOTO
Binbupanu uyepes 24 roOAMHMU MiCJIl 3aMiHU i JOAABAJIU 10
KyJIBTypH TiM(pOINTIB KpoBi B 00’ emi 0,30 M1 TIepe 1mo-
YaTKOM KYJIbTUBYBaHHSI.

ITpu MomemoBaHHI pO3BUTKY IMMEPBUHHOTO padialliiiHO-
iHIYKOBAHOro e(eKTy CBigKa JiM(MOLIMTA KPOBi JIOAUHU
OyJI1 KJIITUHAMM-CBiIKAMMU, J10 SIKMX T1epe/ KYJIbTUBYBaH-
Ham goxaBanu 0,30 M1 KOHOUILIHOTO CepeloBHILA Bif,
OITPOMIHEHOI in Vitro KyJ1sTypy KJIiTUH HEAPiOHOKIITUH-
HOro paky JiereHb A-549, 110 OyauM BMKOPHUCTaHi $SIK
KITUHU-IHOYKTOpU. Kynbrypy KiaituH A-549 onpoMiHio-
Basu in vitro B 103i 0,50 Ip y-kBaHnTamu ’Cs (BUIpoMmi-
HioBau IBL-237C, noryxHictb 2,34 Ip/xB).

st MogentoBaHHS BTOPUHHOIO pafialliiHO-iHAYKO-
BaHOTO e(eKTy cBigka B JiMdpounTax mnepudepuaHoi
KPOBi JTIOJWHU 3aCTOCOBAHO IBOX €TallHEe MOJEIIOBAHHSI
TMEPBUHHOTO i BTOPMHHOIO pafialliiHO-iHIYyKOBAaHOTO
eeKTy CBiiKa B KYJbTYpi KJIITUH HeAPiOHOKJTITUHHOTO
paky JereHb JonuHu A-549 ta miMmdonurax nepude-
PUYHOI KPOBi JIIOAMHU Ha TIEPIIOMY i IPYyromy eTrarax
BUKOHaHHS po0oTu BiamoinHo [18]. MoaemoBaHHS
MEPBUHHOTO pajialliiHO-iHAYKOBAHOTO e(eKTy CBiaka
BUKOHYBaJI IIUISIXOM II€PEHOCY KOHIMIIIIHOTO Cepeno-
BUIIIA Bif ompoMiHeHoi in vitro B 103i 0,50 Ip Kynsrypu
KJiTHH A-549 10 HEONTPOMIHEHOI KYJIBTYPH KIITHH A-549.
MonentoBaHHSI BTOPMHHOIO paaialliiHO-iHIyKOBaHOTO
eeKTy CBiJKa — IUIIXOM TepeHEeCeHHST KOHIUIIITHOTO

effect on intact lymphocytes; cultivation of human
peripheral blood lymphocytes with the addition of
conditioned medium from the non-small cell lung
cancer cells A-549 irradiated in vitro to simulate
the development of primary radiation-induced
bystander effect in them; cultivation of human
peripheral blood lymphocytes with the addition of
conditioned medium from the non-irradiated cul-
ture of primary bystander cells of non-small cell
lung cancer cell lines A-549 for modeling the
development of secondary radiation-induced
bystander effect in peripheral blood lymphocytes.

Ten healthy middle-aged individuals who denied
knowing exposure to ionizing radiation and other
mutagenic factors were recruited into the study
based on informed consent.

Cultivation of human whole blood was per-
formed using the commonly used semi-micro
method in our modification [15]. Human non-
small cell lung cancer cell lines A-549 were cul-
tured in Advanced DMEM/F12 nutrient medium
according to the standard method [16, 17].

When determining the effect of the conditioned
medium of A-549 cells on human blood lympho-
cytes, it was taken 24 hours after replacement and
added to the blood lymphocyte culture in a volume
of 0.30 ml before the start of cultivation.

When modeling the primary radiation-induced
bystander effect, human blood lymphocytes were
the bystander cells. Before cultivation, 0.30 ml of
conditioned medium from non-small cell lung
cancer cell lines A-549 irradiated in vitro, which
were used as inducer cells, was added to them.
A-549 cell culture was irradiated with y-quanta of
¥Cs (emitter IBL-237C, power 2.34 Gy/min) in a
dose of 0.50 Gy before culturing.

Two-stage modeling of the primary and second-
ary radiation-induced bystander effect in the cul-
ture of human non-small cell lung cancer cells
A-549 and human peripheral blood lymphocytes
was applied in the first and second stages of the
work, respectively, to model the secondary radia-
tion-induced bystander effect in human peripheral
blood lymphocytes [18]. Modeling of the primary
radiation-induced bystander effect was carried out
by transferring the conditioned medium from the
culture of A-549 cells irradiated in vitro to the non-
irradiated culture of A-549 cells. Modeling of the
secondary radiation-induced bystander effect was
performed by transferring the conditioned medium
from the primary bystander cells of the A-549 cell
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cepeloBUINa Bil TMEPBUHHUX KIITUH-CBiKiB HEOM-
POMiHEHOI KyJIbTYpH KJIITUH A-549 10 KyJbTypH JiMbpo-
UTIB TTIepr(epUIHOI KPOBIi IIOAWHU, SIKY KyJTGTUBYBaIN
3a 3araJIbHOIIPUIAHSITUM METOJIOM Ta BU3HAYaIU LIMTOTe-
HETWYHI ITOKa3HUKM PO3BUTKY BTOPMHHOTO padialliiiHO-
IHAYKOBAHOTO e(eKTy CBiaKa.

IIpenapatn MetadasHUX XpomMocoM (apOyBain piB-
HoMipHO OapBHUKOM [iM3a (Merck, Himeuunna). Lu-
TOT€HETUYHWI aHajli3 BUKOHYBAJIM 3 TPYIOBUM Kapio-
TUITYBaHHSIM ITiJ1 MiKpocKomnaMu 3i 30iibieHHsIM x 1000.
ITig yac UMTOreHeTMUHOro aHajidy BpaxoByBaiu abe-
paliii XxpoMaTUIHOTO (OAMHOYHI alleHTpUYHi (pparmMeH-
TH, XPOMaTUIHIi OOMiHM) Ta XPOMOCOMHOTO (BiJIbHI
napHi parMeHTH, alleHTPUYHI KiJIbLS, TMLIEHTPUYHI Ta
KiJiblIeBi XpPOMOCOMM, aHOMajJbHi MOHOLIEHTPUKN)
TUIIiB. 3arajoM Mpu BUKOHAHHI poOOTH MpoaHajli3oBa-
HO 6000 KITiTUH.

1St KOXKHOI TOYKM JOCIiNy pOo3paxoByBaM BiICOTOK
abepaHTHMX MeTadas i yacToTy abepalliii XpoMOCoM Ha
100 metadasz. JaHi Mo oKpeMHUX TOYKax AOCIiAy 00’ €l-
HYBJIM B TPYITH BiAITOBIIHO 10 AW3aliHy JOCTIIKEHHS 3
MOIAJIBIINM PO3PaXyHKOM CEPEIHbOIPYITOBUX 3HAYECHb i
CTAaTUCTUYHUX TTOXMOOK. 3HAXOIMIN Pi3HUIIIO MiX ce-
peIHIMM 3HAUCHHSIMM B OKPEMUX BapiaHTaX JOCITiIKEeH-
Hs. [lepeBipKy HYJIBOBUX TillOT€3 MPOBOAWIM Ha PiBHi
3HauywocTi p < 0,05 3a gonomoroio kpurepito CTbio-
neHTa [19].

PE3VYIJIBTATU JOCJIIJI2KEHHA

[luToreHeTUUHMIA aHai3 JiIM(OLIUTIB KPOBi 3I0POBUX
0ci0b mokazaB, 110 cepeAHbOrpyrnoBa yacToTa abepaHT-
HUX KJITUH B HUX ctaHoBmia 1,60 %, piBeHb abepaliiit
xpomocoM — 1,60 Ha 100 xirituH (Ta6i. 1). ABepaliii Xpo-
MaTUIHOTO TUITY (OIMHOYHI (PparMeHTH) 3apeECTPOBaHi
3 cepeTHLOTrpyIToBoIo yacToToio 1,20 Ha 100 kiTH, 1110
ckiagano 88 % Bim 3arajbHOI KiJIBKOCTi ITOLIKOMXEHb

Ta6nuusa 1

culture to the culture of human peripheral blood
lymphocytes. It was cultured according to the gen-
erally accepted method and cytogenetic indicators
of the development of the secondary radiation-
induced bystander effect were determined.

Metaphase chromosome preparations were
stained uniformly with Giemsa dye (Merck,
Germany). Cytogenetic analysis was performed
with group karyotyping under microscopes with a
magnification of x 1000. During the cytogenetic
analysis, aberrations of chromatid (single frag-
ments, chromatid exchanges) and chromosomal
(free double fragments, acentric rings, dicentric
and ring chromosomes, abnormal monocentric)
types were considered. In total, 8000 cells were
analyzed during the work.

For each experiment point, the percentage of
aberrant metaphases and the frequency of chro-
mosome aberrations per 100 metaphases were cal-
culated. Data for individual points of the experi-
ment were combined into groups according to the
study design, followed by the calculation of mean
group values and statistical errors. The difference
between the mean group values in the different
study variants was determined. The null hypothe-
sis was tested at a significance level of p < 0.05
using the Student’s #-test [19].

RESULTS

Cytogenetic analysis of blood lymphocytes of
healthy individuals showed that the mean group
frequency of aberrant cells in them was 1.60%, the
level of chromosome aberrations — 1.60 per 100
cells (Table 1). The chromatid-type aberrations
(single fragments) were registered with a mean
group frequency of 1.20 per 100 cells, which ac-

OCHOBHi UMTOreHeTUYHi NOKA3HUKM NpU AOCNiAKEHHT BTOPUHHOTO paAiauiiHo-iHAYKOBAHOro eheKTy CBifKa

Table 1

The main cytogenetic data in the study of secondary radiation-induced bystander effect

KinbkicTb Yacrora abepaHTHUX YacroTa abepauiit xpomocom, Ha 100 kniTuH
Bapiantu gocnigy npoaHani3oBaHux KniTuH, % Frequency of chromosome aberration, per 100 cells
Experimental variants KNiTUH Frequency of aberrant cepepHs MiHiManbHa — MaKCMManbHa
Number of cells cells, % mean minimum — maximum

KoHTponb / Control 2000 1,60 + 0,28 1,60 + 0,28 1,00 — 2,00

MNIEC / TIBE 2000 3,00 + 0,38 3,00 + 0,38 2,00 - 3,50

PIEC / RIBE 2000 5,80 0,52 5,80 + 0,52 4,50 — 7,50

BPIEC / RISBE 2000 4,75+ 0,48 475+ 0,48 3,50 - 6,00

[Mpumitkn. NIEC — nyxnuxHo iHaykoBaHuii edekT caiaka, PIEC — papiauifiHo-iHaykoBaHui edexT cainka, BPIEC — BTOPUHHWIA papiauiitHo-iHaykoBaHuii epexT CBifKa.
Notes. TIBE — tumor-induced bystander effect, RIBE — radiation-induced bystander effect, RISBE — secondary radiation-induced bystander effect.
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Taoauuya 2

Yacrota abepauin XxpoMaTMAHOro i XpOMOCOMHOrO TMNY NpU [OCHiAKeHHI BTOPMHHOro papiauiiiHo-iHAYKO-

BaHoro egekry cBigka

Table 2
Frequency of chromatid and chromosome type aberrations in the study of secondary bystander effect and res-
cue effect

YacTora abepauiit xpomocoMm, Ha 100 knitun / Frequency of chromosome aberration, per 100 cells
BapiaHtu Xpomocomuoro tuny / Chromosome type
Aocnipy XpomarugHoro Tuny ALEeHTPUYHI aHOManbHi AULEHTPUYHI i
Experimental Chromatid type dparmenTn MOHOLEHTPUKMN KinbLeBi XxpoMocomu BCbOro
variants acentric double abnormal dicentric and ring total

fragments monocentrics chromosomes

KonTponb 1,20 £ 0,24 0,40 £ 0,14 0,00 0,00 0,00 £ 0,00 0,40 £ 0,14
NEC 2,40 £ 0,34 0,55+ 0,17 0,05+ 0,05 0,00 £ 0,00 0,60 £ 0,17
PIEC 4,35+ 0,46 1,25+ 0,25 0,15+ 0,09 0,05+0,05 1,45 + 0,47
BPIEC 3,95+ 0,44 0,70 £ 0,19 0,10+ 0,07 0,00 £ 0,00 0,80 £ 0,20

Mpumitku. NIEC — nyxnuHHo iHaykoBaHuin edekT cBiaka, PIEC — papjaLiito-iHaykoBaHmii edekT cainka, BPIEC — BTOpUHHWIA papjauiiiHo-iHayKoBaHWI edekT CBiaka.
Notes. TIBE — tumor-induced bystander effect, RIBE — radiation-induced bystander effect, RISBE — secondary radiation-induced bystander effect.

xpoMocoM (Tabjr. 2). Abeparliii XpOMOCOMHOTO THITY
Oy/u mpencTaBieHi alleHTPUYHUMU TapHUMU ¢par-
MeHTaMM 3 cepeaHbolo yactororo 0,40 Ha 100 KTiTUH.
OOMiHHMX abepalliii XpOMOCOMHOIO TMUITy (IMLIEHT-
PUYHUX XPOMOCOM, aHOMAaJbHUX MOHOILICHTPUKIB) y
JniMdouuTax nepudepruyHoi KpoBi 3I0pOBUX 0OCi0 He
BusiBiIeHO. OTpUMaHMI pe3yabTaT BiAINOBiTaB MOITY-
JISILIAHOMY PiBHIO LIIMTOT€HETUYHUX MOKA3HUKIB MPU
CIIOHTAHHOMY XPOMOCOMHOMY MyTtareHesi [20], 11o
JIO3BOJIMJIO BUKOPUCTATU iX SIK KOHTPOJIb IPU BUKO-
HaHHi JOCTiIXXeHb 3 BUBYCHHSI BTOPMHHOTO pajialliii-
HOro-iHAYKOBaHOTO e(eKTy CBigKa.
CepeIHBOTPYIIOBA YacTOTa abepariii XpoOMOCOM Yy
JTimMdouuTax repudepuIHoi KPoBi JIOIUHU, SIKi KyIb-
TUBYBaJIM 3 JOJABaHHSIM KOHIMIIMHOIO CepemIoBUILA
BiJl KJIiTUH HeAPiIOHOKIIITUHHOTO paKy JereHi JIOAUHU
A-549, ctanoBuia 3,00 Ha 100 KJIiTUH i TIepeBUIITyBa-
Jla TToKa3HMK y Tpymi nopiBHsHHS (p < 0,05). ITom-
KOIXKEHHSI XpOMaTUIHOIO TUITY BUSIBJIEHI Yy BCiX 0OCi0.
Bonu Oynu npeacraBiaeHi OIMHOYHUMU (hparMeHTaMU
3 cepeIHbOrpynoBoo Jacrtoroo 2,40 Ha 100 kimiTnH
(nepeBulyBajia KOHTPoJIbHY (p < 0,05) Ta iHaMBiTYy-
aJIbLHUMU KOJMBaHHIMU B Mexax Bim 2,00 mo 3,5 Ha
100 knituH (puc. 1). YacTtora abepaliif XxpOMOCOMHO-
ro TUIly He Majla 3HA4yILIOol Pi3HULI 3 KOHTPOJbHUM
piBHEM B IHTaKTHUX JiM@oluTax MnepudepudHoi
KkpoBi (p > 0,05). Cepen HUX 3apeecTpoBaHi MapHi
¢parmenTu 3 yacrorow 0,55 Ha 100 kiTuH Ta aHO-
MaJbHi MOHOLIeHTpUKH Ha piBHI 0,05 Ha 100 kiiTHH.
ACUMETPUYHUX XPOMOCOMHHUX OOMiHIB (IULIEHTPUY-
HUX i KiTbLIEBUX XPOMOCOM) HE BUSIBIEHO. TakuM 4u-
HOM LIMTOTeHETUYHE MOCIIIKCHHS BCTAHOBWJIO IIiI-
BUIIIEHHS YacTOTH abepalliil XpOMOCOM B JIiMpoImTax

counted for 88% of the total number of chromosome
damages (Table 2). The chromosomal-type aberra-
tions were represented by acentric paired fragments
with a mean frequency of 0.40 per 100 cells.
Exchange chromosomal-type aberrations (dicentric
chromosomes, abnormal monocentrics) were not
detected in the peripheral blood lymphocytes of
healthy individuals. The obtained result correspond-
ed to the population level of cytogenetic indicators
in spontaneous chromosomal mutagenesis [20]. This
made it possible to use them as controls in studies of
the secondary radiation-induced bystander effect.
The mean group frequency of chromosome aber-
rations in human peripheral blood lymphocytes cul-
tivated with adding the conditioned medium of
human non-small cell lung cancer cell lines A-549
was 3.00 per 100 cells and exceeded the indicator in
the comparison group (p < 0.05). Chromatid lesions
were detected in all individuals. They were represent-
ed by single fragments with a group mean frequency
of 2.40 per 100 cells (exceeded control, p < 0.05) and
individual variations ranging from 2.00 to 3.5 per
100 cells. The frequency of chromosomal-type aber-
rations did not have a significant difference with the
control level in intact peripheral blood lymphocytes
(p > 0.05). Among them, paired fragments with a
frequency of 0.55 per 100 cells and abnormal mono-
centrics at the level of 0.05 per 100 cells were regis-
tered. Asymmetric chromosomal exchanges (dicen-
tric and circular chromosomes) were not detected.
Thus, a cytogenetic study established an increase in
the frequency of chromosome aberrations in human
blood lymphocytes during cultivation with the addi-
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Yactora a6epauiit, Ha 100 KniTuH
Frequency of aberrations, per 100 cells
w

Homep Kynbtypm nimpouutiB nepudepryHoi KpoBi
Number of peripheral blood lymphocyte culture

1
mm KoHTponb / Control
mmm 1IEC / TIBE
“| mmm PIEC / RIBE
I BPIEC / RISBE

PucyHoK 1. InausigyanbHi yactotu abepauiin xpomatuaHoro Tuny B imgouutax nepugepuyHoi KpoBi N0ANHM
3a PO3BUTKY NEPBUHHOrO i BTOPMHHOTO paAiauiiHo-iHAYKOBAHOro eheKTy CBigKa
MIEC - nyxnuHHO-iHaykoBaHuin edpekT ceiaka; PIEC — pagjauiiiHo-iHaykoBaHuin edekT ceinka; BPIEC — BTOPUHHMI

pajiauiriHo-iHayKoBaHU edeKT cBiaka.

Figure 1. Individual frequencies of chromatid-type aberrations in the study of secondary radiation-induced

bystander effect

TIBE - tumor-induced bystander effect; RIBE - radiation-induced bystander effect; RISBE — secondary radiation-induced

bystander effect.

KPOBI JIIOAWHM 3a KYJIBTUBYBaHHS 3 TOITaBaHHIM KOHIU-
LIMHOTO CcepeloBUIA BiJl IEpeLIeIIIOBAHOI KYIBTYpU
KJITHH HeIpiOHOKTITMHHOIO paKy JereHb JIOAUHU A-549.
3pocTaHHS XPOMOCOMHOI HEeCTabiJIbHOCTI BigOyJ0Ch 3a
PaxyHOK ITiIBUIIEHHS YacTOTH abepalliii XpOMaTUIHOTO
THITY, IIIO BKAa3y€ Ha pO3BUTOK MYXJIMHHO-iHIYKOBAaHOTO
eeKTy CcBigKa. 3apeecTpoBaHO MIiXiHIMBIAyaJIbHY
BapiabeNIbHICTh 00CTEXKEHUX O0Ci0 y 3MaTHOCTI 10 MOTO
IHITYKIILl.

YV pociiakeHHi, 110 MOJEJIOBAI0 PO3BUTOK MEPBUH-
HOTO pamialliifHO-iHAYKOBAHOTO e(eKTy CBigKa B JIiM-
¢ouuTax mepudepnIHoi KpoBi JIOIUHU CePeIHbOTPY-
noBa yacToTa abepalliii XxpoMocoM cTtaHoBuiaa 5,80 Ha
100 xJ1iTUH 3 iHAUBiAYyaJIbHUMHU KOJMWBaHHSAMU Bin 4,50
1o 7,50 va 100 xmituH. Cepen MOMKOIKEHb XPOMOCOM
nepeBaxanu abepallii XpoMaTUIHOTO TUITY (OJMHOYHI
¢parmeHTn). BoHu Oyau BUsIBIIEHI B YCiXx 0OCTEKEHUX
oci6 Ha piBHi 3,50-5,50 Ha 100 xiituH. Ix cepenHborpy-
noBa dactota (4,35 Ha 100 KIiTWMH) TepeBUIIyBaja
KoHTpoabHY (p < 0,05). He O0yno xopensiii Mixk (poHO-
BUM Ta iHIYKOBAaHUM pafdiallifiHO-iHIyKOBaHUM edeK-
TOM CBiJIKa piBHEM XPOMOCOMHOI HECTa0iIbHOCTI. Y BU-
nagkax 7 i 8, 110 Maju pi3HUil piBeHb 4acTOTH abepalriit
xpoMatugHoro Tumy B KoHTpomai (1,50 i 1,00 ma 100
KJIITUH BiITIOBiTHO), PiBE€Hb MOIIKOIKEHb XpPOMATUAHO-
ro TUITY IPU PO3BUTKY MEPBUHHOIO padiallilHO-iHAYKO-
BaHOTO eeKTy cBinka ckiagas 4,00 Ha 100 kiiTuH. Y BU-
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tion of a conditioned medium from the culture of
human non-small cell lung cancer cells A-549.
The increase in chromosomal instability occurred
due to the rise in the frequency of chromatid-type
aberrations, which indicates the development of a
tumor-induced bystander effect. Interindividual
variability of the examined persons in the ability to
induce it was registered.

In a study on modeling the development of a pri-
mary radiation-induced bystander effect in human
peripheral blood lymphocytes, the group mean
frequency of chromosomal aberrations was 5.80
per 100 cells, with an individual variation from
4.50 to 7.50 per 100 cells. Chromatid-type aberra-
tions (single fragments) predominated among
chromosome damages. They were detected in all
examined persons at the level of 3.50-5.5 per 100
cells. Their mean group frequency (4.35 per 100
cells) exceeded the control (p < 0.05) (Fig. 1).
There was no correlation between background and
radiation-induced bystander effect levels of chro-
mosomal instability. In cases 7 and 8, which had a
different frequency level of chromatid-type aber-
rations in the control (1.50 and 1.00 per 100 cells,
respectively), the level of chromatid-type damage
during the development of the radiation-induced
bystander effect was 4 per 100 cells. In cases with
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najakKax 3 OJHAaKOBOIO (POHOBOIO YACTOTOIO TMOIIKOJ-
KeHb XpoMocoM (5, 8, 9) mpu iHAyKIii pagiaLiiiHO-
iHIyKOBaHOTO e(eKTy CBimKa 3apeecTpoBaHO pi3Hi
PiBHiI XpOMOCOMHOI HeCTa0iIbHOCTI. ¥ BUMNAAKY 4 TIpu
HaWHVKYIN 4acTOTI MTOIIKO/IKEHb XPOMOCOM B iHTaKT-
HUX JiMpouUTax po3BUTOK e(EeKTy CBiAKa iHAYKyBaB
HalBUIIUI cepen 00CTeXeHUX 0cid piBeHb abepalliit
XpPOMaTUIHOTO TUITY, 1110 cTaHOBUB 5,50 Ha 100 KJTiTUH.

Yacrtora abepalliii XpOMOCOMHOIO TUMY CKjagaja
1,45 na 100 kJITUMH i mepeBuIlyBajla KOHTPOJbHUIA
piBeHsb (p < 0,05). Bonu Oynu npencTaBiieHi TapHUMA
(bparmMeHTaMy, aHOMaJbHUMU MOHOILIEHTPMKAMM Ta
TULUEHTpUIHUMU XpoMocoMaMmu. [lapHi dparmeHTH
3apPEECTPOBAHO Y BCiX OOCTEXEHUX OCI0 3 4acTOTOIO
1,25 na 100 kimitTwMH, g9Ka TiepeBUIIyBajia (POHOBHIA
piBeHb LIMX MOIIKOIKEHb Ta MOKA3HUK IIPU PO3BUTKY
NyxXJIMHHO-iHAYKOBaHOTro edekty cBimka (p < 0,05).
YacToT XpOMOCOMHMX abepalliii OOMiHHOTO TUIY
(aHOMaJTILHUX MOHOIIEHTPUKIB i TULIEHTPUYHUX XPO-
MOCOM) 3HAUMMO He BiIpi3HSIMCH BiJl KOHTPOJIbHUX.

IIpn MopemtoBaHHI pPO3BUTKY BTOPUHHOIO paiia-
LiliHO-1HAYKOBAHOTO e(PEeKTY CBiIKa cepeIHbOrpyrnoBa
yacToTa abepalliil XxpoMocoM Yy JimMdonutax mepude-
PUYHOI KPOBi JIOAUHU TIepeBUIIyBaja KOHTPOJIbHUMI
nokKa3HUK i ckiaagana 4,75 Ha 100 kiiTuH 3 iHAUBimY-
albHUMK KoJauBaHHAMM Big 3,50 mo 6,00 ma 100
KJIITUH. AbGepallil XxpoMaTUIHOTO TUITY 3apEECTPOBAHI 3
CepeaHbOrpyIoBoto yactororo 3,95 Ha 100 KJIiTHH, 1110
nepesullyBajia KoHTposabHY (p < 0,001). BoHu Oynu
npeAcTaBieHi OTMHOYHUMU dparmMeHTaMu. IHAUBiny-
aJibHi 3HAYEHHSI YaCTOTU abepallii XxpoMaTUIHOIO TU-
ny 3Haxoauauch B mexkax Big 3,00 mo 5,00 Ha 100 xmi-
THH. Y BCiX BUITagKax JOCIiAy COCTepirajn 3pOCTaHHS
LIbOTO MTOKa3HUKa MOPiBHSIHO 3 KoHTposeM (p < 0,05).
He 3apeectpoBaHo Kopensilii Mixk (POHOBUM i iHIYKO-
BaHMM BTOPUHHUM pafdialliliHO-iHIYKOBaHUM e(eK-
TOM CBilKa piBHEM XPOMOCOMHOI HeCTaOiIbHOCTI B
JimMdouuTax nepudepudHoi KpoBi JIOAUHU. Y BUMAI-
Kax 3, 5, 8, 9 3 GOHOBOIO YACTOTOIO TTOIIKOIKEHB XPO-
MocoM 1,00 Ha 100 xymiTMH piBHI XpOMOCOMHOI He-
CTabiTbHOCTI 3a PO3BUTKY BTOPUHHOTO pafialliiHO-
iHAyKoBaHOTO edekTy cBinka ckiuamanu 5,00, 3,50,
3,001 5,00 Ha 100 KyIiTUH BiAIIOBiZHO. BiIIIOBIIHO.
V Bumnaaky 3 HatHMKYUM (DOHOBUM piBHEM abepalliit
xpomatuaHoro tumy (0,50 Ha 100 k71iTMH) 4YacToTa
abepaliit xpoMaTuaHOro TUITy ctaHoBmia 4,00 Ha 100
KJIITHH.

CepeaHbOrpyIOBUIA piBeHb abepalliii XpOMOCOMHO-
TO TUMY, SKi OyJIN MpeacTaBieHi alleHTPUYHUMHU Map-
HUMHU (pparMEeHTaMU Ta aHOMaJIbHUMU MOHOLICHTPU-
kamu, craHoBuB 0,80 Ha 100 meradas. AueHTpUIHI

the same background frequency of chromosome
damage (5, 8, 9) upon induction of the radiation-
induced bystander effect, different levels of chromo-
somal instability were registered. In case 4, with the
lowest frequency of chromosome damage in intact
lymphocytes, the development of the bystander
effect induced the highest level of chromatid-type
aberrations among the examined individuals, which
was 5.50 per 100 cells.

The frequency of chromosomal-type aberrations
was 1.45 per 100 cells and exceeded the control level
(p < 0.05). They were represented by paired frag-
ments, and abnormal monocentric and dicentric
chromosomes. Paired fragments were registered in all
examined persons with a frequency of 1.25 per 100
cells, which exceeded the background level of these
damages and the indicator for the development of a
tumor-induced bystander effect (p < 0.05). The fre-
quencies of exchange chromosomal-type aberrations
(abnormal monocentric and dicentric chromosomes)
were not significantly different from the control ones.

In a study on modeling the development of the
secondary radiation-induced bystander, the mean-
group frequency of chromosome aberrations in
human peripheral blood lymphocytes exceeded the
control indicator and was 4.75 per 100 cells with
individual fluctuations from 3.50 to 6.00 per 100
cells. The chromatid-type aberrations were regis-
tered with a mean-group frequency of 3.95 per 100
cells, which exceeded the control (p < 0.001). They
were represented by single fragments. Individual val-
ues of the chromatid-type aberrations frequency
ranged from 3.00 to 5.00 per 100 cells. In all cases of
the experiment, an increase in this indicator was
observed compared to the control (p < 0.05). There
was no correlation between background and induced
secondary radiation-induced bystander effect levels
of chromosomal instability in human peripheral
blood lymphocytes. In cases 3, 5, 8, and 9, with a
background frequency of chromosomal damage of
1.00 per 100 cells, the levels of chromosomal insta-
bility were 5.00, 3.50, 3.00, and 5.00 per 100 cells,
respectively. In the case with the lowest background
level of chromatid-type aberrations (0.50 per 100
cells), the frequency of chromatid-type aberrations
was 4.00 per 100 cells.

The mean-group level of chromosomal-type aber-
rations, which were represented by double acentric
fragments and abnormal monocentrics, was 0.80 per
100 metaphases. Acentric fragments were detected
with the mean-group frequency of 0.70 per 100
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(parmeHTH BusBieHi 3 yactototo 0,70 Ha 100 MeTaca3
y 9 3 10 obcTexxeHUX. AHOMAaJIbHI MOHOLIEHTPUKM 3ape-
€CTPOBaHi y ABOX obcTexxeHnx 3 yacrtororo 0,50 Ha 100
kJiTuH. CepenHbOIpYNOBU piBeHb aHOMAJbHUX MO-
HoueHTpukiB craHoBuB 0,10 Ha 100 meTtacdas. BiH He
MaB iCTOTHOI Pi3HMLI 31 CIIOHTAHHUM MOMYJSILiHHUM
piBHEM. ACUMETPUUYHUX XPOMOCOMHUX OOMiHIB (Aulie-
HTPUYHI Ta KiJIbLIEBi XpOMOCOMU) HE 3aPEECTPOBAHO.

ITopiBHSIHHST CTaOUTBHOCTI XPOMOCOM JiM(OLIUTIB
nepudepruuHOi KPOBi JIOAWHU NPU PO3BUTKY MEPBUH-
HOTO ¥ BTOPMHHOTO pamiallifHO-iHIyKOBaHOTO e(eK-
Ty CBiIKa IoKa3ajio, 10 3a iHAYKIil BTOPMHHOIO
padialiiiHO-iHIYKOBAHOTO €(EeKTY CBiIKa MOKa3HUKU
3arajbHOI 4acToTu abepaliil XxpoMocoM Ta abepalliil
XPOMAaTUAHOIO TUIY CTATUCTUYHO 3HAYUMO HE BiJpi3-
HSUTMCh BiJl piBHS LIMX MOIIKOIKEHb 3a PO3BUTKY IepP-
BUHHOTO pajialliiHO-iHIYyKOBaHOTO e(heKTy CBiaKa
(p > 0,05). PiBHi 06MiHHUX abepaliiii XxpOMOCOMHOTO
TNy (AHOMAaJIbHUX MOHOLICHTPUKIB Ta AULICHTPUYHUX
XpPOMOCOM) BiIMOBiaIv MOMYJISILIIAHUM.

OBI'OBOPEHHA

Bropunumii pamianiitHo-iHIyKOBaHUH e(eKT CBiIKa €
OIHUM 3 MPOSBIB YHiBepcaJbHOro (peHOMEeHYy e(deKTy
CBiIKa i XapakKTepM3yEThC IHAYKIIE MEPBUHHUMU
KJIITUHAMU-CBiAKAaMU MOIIKOIXKEHb B OTOYYIOUUX i
BiIJaJleHMX iHTAKTHUX KJITHHAX. Voro BUBYEHHs €
BaXXJIMBUM [IJIs1 3aIl00iraHHs MEIMYHMM HacigkaM
OIPOMiHEHHS JIIOAVHM i pO3KPUTTSI MEXaHi3MiB pamia-
LifHO-1HAYKOBAHOTO KaHIIEPOIeHE3y Ta BTOPUHHOIO
OHKOTreHe3y BHACJIiI0K paaioTepariii OHKOJIOTiYHOI a-
ToJiorii. BropyHHuii pamiauiiiHoO-iHAYKOBaHUMN eheKT
CBilKa JOCIIIKYBaJIM i3 IOr0 MOIETIOBAaHHSIM B HOP-
MaJbHUX JiM@oLuTax nepudepruuHoi KpoBi JIOAUHU 3
BUKOPUCTAHHSIM KYJBTYPU KJIITUH HEAPiOHOKJITHUH-
HOTO paKy JiereHb JIoauHu JiHii A-549 [18]. Lle no3Bo-
JIWJIO KOPEKTHO OLIHWUTU PiB€Hb XPOMOCOMHOI HecC-
TabUILHOCTI MPU PO3BUTKY BTOPUHHOIO paaialliiiHO-
IHIYKOBaHOTO e(PEeKTy CBiKa B COMAaTUYHUX KIIITHHAX
JIIOAVHU Ta IOCHIIUTA BHECOK B Hel MyXJIMHHO-iHAY-
KOBaHOTO e(heKTy, Yoro He MoxHa OyJio 6 3poOUTH i3
3aCTOCYBaHHSM IIPU MOT0 MOEIIOBaHHI JIMIIIE HETpa-
HChOpMOBaHUX KITMH. BUBYEHHS BIUIMBY KOHIU-
LIIAHOTO cepeJOBUILA Bill KyIbTYpH KJIITUH HEAPiOHO-
KJIITUHHOTO paKy JIeTeHb JIOAWHU A-549 Ha nuTOreHe -
TUYHI TTOKA3HUKU B JiM@OLMTAX KPOBi 310POBUX OCiO
BCTAHOBWJIO B HUX MiJBUIIEHHSI 4acTOTU abepaLliii
XPOMOCOM 3a pPaxyHOK 30iJIbIIIEHHS YacTOTH abepalliit
XpPOMATUIHOTO TUITY, SIKi € MapKepaMu XpPOMOCOMHOI
HeCTabIBbHOCTI, 1110 CTaJ0 HACAiAKOM PO3BUTKY ITyX-
JIMHHO-IHAYKOBAHOTO e(eKTy CBimKa. 3apeecTpoBaHO

metaphases in 9 out of 10 examined persons.
Abnormal monocentrics were found in two exami-
nees with a frequency of 0.50 per 100 cells. The
mean-group level of abnormal monocentrics was
0.10 per 100 metaphases. It had no significant differ-
ence with the spontaneous population level. Asym-
metric chromosomal exchanges (dicentric and cir-
cular chromosomes) were not registered.
Comparison of chromosome stability of human
peripheral blood lymphocytes during simulation of
primary and secondary radiation-induced bystander
effect showed that due to the induction of the sec-
ondary radiation-induced bystander effect, the fre-
quency of chromosome aberrations and chromatid-
type aberrations did not significantly differ from the
level of these damages during the development of pri-
mary radiation-induced bystander effect (p > 0.05).
The frequency of exchange chromosomal-type aber-
rations (abnormal monocentric and dicentric chro-
mosomes) corresponded to the population level.

DISCUSSION

The secondary radiation-induced bystander effect is
one of the manifestations of the universal phenome-
non of the bystander effect and is characterized by
the induction by primary bystander cells of damage
in surrounding and distant intact cells. Its study is
important for preventing the medical consequences
of human exposure and revealing the mechanisms of
radiation-induced carcinogenesis and secondary
oncogenesis as a result of radiotherapy of oncologi-
cal pathology. The secondary radiation-induced
bystander effect was studied with its simulation in
normal human peripheral blood lymphocytes using
human non-small cell lung cancer cell lines A-549
culture [18]. This allowed us to correctly assess the
level of chromosomal instability during the develop-
ment of the secondary radiation-induced bystander
effect in human somatic cells and to investigate the
contribution of the tumor-induced effect to it,
which could not be done using only non-trans-
formed cells in its modeling. The study of the effect
of conditioned medium from the culture of A-549
human non-small cell lung cancer cells on cytoge-
netic parameters in the blood lymphocytes of
healthy individuals established an increase in the
frequency of chromosome aberrations due to the rise
in the frequency of chromatid-type aberrations,
which are markers of chromosomal instability, which
was a consequence of the development of tumor-
induced the bystander effect. Interindividual vari-
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MiXiHAVBiTyaJIbHY BapiaOeIbHICTh OOCTEXEHUX OCI0 Y
30ATHOCTI 10 MOTO iHAYKII1, 110 Y3TOMKYETHCS 3 Pe3yJib-
TaTaMU OOCJIIKEeHb 3 MOJIEIIOBaHHS IILOIO €(PeKTy B
JNiM@oLuUTax JIOAMHU 3 BUKOPUCTAHHSIM KPOBi XBOPUX
Ha XpoHiuHy JiiMdouuTapHy Jeiikemito [15]. Hocnin-
JKEHHs panialifiHo-iHAyKoBaHOro e@exkTy cBigka B
nmiMdonuTax meprudeprnaHoi KpoBi 3M0pPOBHX OCiO 3a
KyJIBTUBYBaHHS 3 KOHIULIMHUM CEPEIOBUILIEM Bifl OII-
pomiHeHoi in vitro B no3i 0,50 Ip KyasTypu KIiTUH
HeAPiOHOKIITUHHOIO paKy JereHb JoauHu A-549 3a-
pPEECTPYBAJIO 3POCTAHHSI XPOMOCOMHOI HeCTaOiIbHOCTI
MOPiBHSIHO 3 KOHTPOJIEM Ta IOCiA0M 3 MOACIIOBAaHHSIM
MYyXJIMHHO-IHIYKOBAaHOTO e(heKTy CBilKa, 1110 MOXe BKa-
3yBaTU Ha CUHEPri3M MYTareHHOI'O BIUIUBY IyXJIMHHO-
Ta pagialiliHO-iHAYKOBaHOTO e(deKkTiB CBilKa Ha iH-
TaKTHi JiM(MOLUMTH 310pOBUX 0Ci0. BU3HayanbHUM Mpu
1IbOMY OYJ10 30ibLIEHHS YacTOTH abepalliii XxpomMaTuI-
HOro TUIlYy MNPU IHAYKLII pagialiiHO-iHAYKOBAHOIrO
eeKTy CBigKa IMOPIiBHAHO 3 MYXJIMHHO-iHAYKOBaHWM.
[TigBuieHuii piBeHb MapHUX (PparMeHTiB, 3apeeECTPOBa-
HUX B KJIITMHAX-CBiIKaX MpU iHAYKLil pagiauiiiHO-1HIy-
KOBaHOTro e(deKTy CBigKa, Ha Hallly IyMKY, € HACIiIKOM
NOABIMHUX XPOMATUIHUX PO3PUBIB, OCKIiJIbKM 4aCTOTU
iHIIMX abepalliii XxpOMOCOMHOTO TUITY (AaHOMaJIbHUX MO-
HOLEHTPUKIB i TUIEHTPUYHUX XPOMOCOM) Y BCiX Ba-
piaHTax AOOCJiAy 3Hauylle He BiIpi3HSJIMCh Bil KOHT-
PONBHUX MOKA3HUKIB. OTprMaHi pe3ynbraTy BiIpi3HsI-
otbes Binm gaHux K. Kanagaraj 3i cmiBaBT. [8], Komu
BIIMB KOHIMIIMHOIO CEpeloBHUINA Bill OMPOMiHEHMX
PEHTIEHiBCbKUMU MpoMeHsIMU in vitro B no3i 0,50 Ip
JepMaibHIX (iOpoOIaCTiB JOPOCIOT TIONUHU HE CIIPU-
YUHUB PO3BUTKY IIEPBMHHOIO Ta BTOPUHHOIO
pafialiiiHO-iHIYKOBaHOTO e(heKTy CBinKa B TiMponnTax
nepudepudHoOl KpOBi JIIOAUHMU, TOAI K 3BOPOTHIl
JOCJia OaB IO3UTUBHUI pesyabraT. Lle morio Oytu
HacJliIKOM BUKOPUCTAHHSI OOMiIHHUX abepalliii XpoMo-
COMHOTO TUITYy (OUILIEHTPUYHUX XPOMOCOM) ISl pee-
cTpauii pamiauifiHo-iHmyKoBaHoro edexkty cBigka. Lli
abepallii € MapKepaMM MpsIMO1 pajialliiiHoO1 Aii i BUKO-
PUCTOBYIOTLCSI TIpM TIPOBENEHHI 0i0JOTiUHOI iHAMKAIil
Ta TO3UMETPil orpoMiHeHHs moauHu [21—24]. locmia-
JKeHHSI KJIAaCTOTeHHUX BJIACTUBOCTEi IepudepudHoi
KpOBi OIpoMiHeHUX oci0 [25, 26] i MoaesiroBaHHS
pafialiifHo-iHAYKOBaHOTO e(heKTy CBiaKa B TiM(pOLUTaX
nepudepryHOi KpoBi JiIoauHu [7, 27| mokasye, 1o -
TOTEHeTUYHUMM MapKepaMHu pPO3BUTKY pamialliliHO-
iHIyKOBaHOTO e(peKTy CBigKa B HUX € abepallii xpoma-
TUAHOTO TUMY (XpOMATUIHI pPO3pUBU i OOMiHHU).
Mepiatopamu Tiepenaui OalicTeHIEp CUTHAJy B TaKUX
MOJIEJISX, SIK i 32 BUKOPMCTAaHHS KOHAUIIIHHOTO Cepemo-
BUIIA BiJ, ONPOMiHEHUX KJIITUH, MOXYTh OYTU PO3UMHHI

ability of the examined persons in the ability to
induce it was recorded, which is consistent with
the results of studies on modeling this effect in
human lymphocytes using the blood of patients
with chronic lymphocytic leukemia [15]. A study
of the radiation-induced bystander effect in
peripheral blood lymphocytes of healthy individu-
als under co-cultivation with conditioned medium
from human non-small cell lung cancer cell A-549
irradiated in vitro in a dose of 0.50 Gy registered an
increase in chromosomal instability compared to
control and an experiment with modeling of
tumor-induced bystander effect, which may indi-
cate the synergism of the mutagenic effect of
tumor- and radiation-induced bystander effects on
intact lymphocytes of healthy individuals. The
decisive factor was the increase in the frequency of
chromatid-type aberrations during the induction
of the radiation-induced bystander effect com-
pared to the tumor-induced effect. In our opinion,
the increased level of paired fragments registered
in the bystander cells during the induction of the
radiation-induced bystander effect is a conse-
quence of double chromatid breaks, since the fre-
quencies of other chromosomal aberrations (ab-
normal monocentric and dicentric chromosomes)
in all variants of the experiment did not differ sig-
nificantly from the control indicators. The
obtained results differ from the data of K. Ka-
nagaraj et al. [8] when the conditioned media from
adult dermal fibroblasts X-ray irradiated in vitro in
a dose of 0.50 Gy did not cause primary/secondary
radiation-induced bystander effect in human
peripheral blood lymphocytes, while the reverse
experiment gave a positive result. This could be a
consequence of the use of exchange chromoso-
mal-type aberrations (dicentric chromosomes) to
register the radiation-induced bystander effect.
These aberrations are markers of direct radiation
action and are used in biological indication and
dosimetry of human exposure [21—24]. Studies of
the clastogenic quality of the peripheral blood of
irradiated persons [25, 26] and modeling of the
radiation-induced bystander effect in human
peripheral blood lymphocytes [7, 27] show that
cytogenetic markers of the development of the
radiation-induced bystander effect in them are
chromatid-type aberrations (chromatid breaks and
exchanges). Soluble factors (cytokines, reactive
forms of oxygen, and nitrogen) that induce DNA
damage in bystander cells due to oxidative stress
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YUHHUKHU (LIMTOKIHU, aKTUBHI (POPMU KHUCHIO i a30Ty),
o iHayKyoTh nowmkomkeHHs JHK kimiTuH-cBigKiB
BHACJiZOK oKcumatuBHoOro crtpecy [28-30]. Pazom 3
TUM, 3pOCTaHHS YaCTOTH abepalliii XpOMOCOMHOTO THU-
ny (AUIEHTPUYHUX XPOMOCOM, POOEPTCOHIBCHKUX
TpaHCJIOKaliil, IEHTPOMEPHUX PO3PUBIB) ITPU PO3BUT-
Ky pamialiifHO-iHIyKoBaHOTO e(eKTy CBimKa ImoKasa-
Ho S. Kirolikar 3i criBaBT. [31] pu BUBYEHHIi y4acTi
BiJIbHOTO MO3aKJIITUHHOI'O XPOMATUHY 3 OIPOMiHEHUX
KJIITMH paKky TpyaHoi 3an03u Jioauiu (MDA-MB231)
9K iHAyKTOpa e(EeKTy CBimKa B HEOIPOMiHEHUX
¢iopobaacrax mumeit NIH3T3. Pe3ynbraT 3yMoBiIio-
BaBCsl BKJIIOUEHHSIM OMNPOMiHEHOI0 MO3aKJIiTUHHOIO
xpomatuHy B JIHK HeompoMiHeHUX KJiTMH-CBIiIKiB
(ImaTBepmMXEeHO aBTOpAMHU i3 3aCTOCYBAaHHSIM (PII00-
pecleHTHOI ridpuaun3aiiii). BHacaigok 1uporo y Heormr-
POMiHEHUX KJIITUHAX iHAYKYBAJUCh TTOIIKOMXKEHHS,
npyuTaMaHHi A1 OPsIMOI Ail padialiii.

KynpruByBaHHS miMQpOINTIB mepupepruyHOi KPOBi
3I0POBUX OCI0 3 JOJaBaHHSIM KOHIMIIIHHOIO cepeno-
BUILA BiJi HEONIPOMiHEHUX KJIITUH-CBiIKiB HeApiOHO-
KJIITUHHOTO paKy JiereHb JoauHu A-549 BCTaHOBWIO
OigBUILEHHS 3aTaJIbHOIO piBHSI abepalliii XpoMocoM 3a
paxXyHOK MiABMIIEHHSI 4acTOTH abepaliil XpomaTui-
HOTO TUMY, NPeACTaBIeHUX ONMMHOYHUMU (hparMeHTa-
MU, 110 BKa3y€ Ha PO3BUTOK BTOPUHHOIO paaialliiHO-
iHayKoBaHoOro edekty cBigka. ITopiBHsSIHHSI cTabiib-
HOCTi XpOMOCOM JiM(OLUTIB mepudepudHoi KpoBi
JIIOAVHU MpPU PO3BUTKY TMEPBUHHOIO il BTOPUHHOIO
paniauiifHO-iHAYKOBaHOTro e(eKTy CBilKa MoKas3ajo,
1110 3a iIHAYKLil BTOPMHHOIO palialiiiHO-iHIyKOBaHO-
ro eeKTy CBiJKa MOKa3HUKU 3arajbHOI 4acTOTH abe-
paiiif xpomocoM Ta abepalliif XpOMaTUIHOTO THITY
3HAYMMO H€ BiIpi3HSUIMCh Bill PiBHS LMX MOLLIKOIXEHb
3a PO3BUTKY MEPBUHHOIO e(eKkTy cBigka. PiBHiI 00-
MiHHUX a0epaliii XpOMOCOMHOIO TUITy (aHOMaJIbHUX
MOHOLIEHTPUKIB Ta AULIEHTPUYHUX XPOMOCOM) BijI-
NOoBigalyd MONYJSUiMHMM, IO CBiIYUTH PO Biid-
CYTHICTb BIJINBY BTOPMHHOTO e(eKTy CBimKa Ha ix
iHmykuito. OTpuMaHUii pe3yJabTaT BKa3ye Ha CTaOili-
3allil0 MiJBUIIEHOTO PiBHS XPOMOCOMHOI HeCTaO0ilb-
HOCTi, iIHAYKOBAHOI1 MEPBUHHUM i BTOPUHHUM pajia-
iAHO-IHIYKOBAaHUM e(PeKTOM CBigKa B JiMdormTax
neprcepruyHOi KPOBi JIOJNHU B YMOBaXx in vitro. AHa-
JIi3 iHAUBiOyaJdbHUX 3HA4eHb 4acTOTU abepalliit Xxpo-
MaTUIHOIO TUITy 32 PO3BUTKY IPOSBIB e(heKTy CBiaKa
3aCBiAYMB MiABUIIEHHS 1ILOTO MOKA3HUKA BHACJHIIOK
IHIYKIii MyXJIMHHOTrO, pajiallifHO-iHAyKOBAaHOTO Ta
BTOPMHHOTO paialliiiHO-1HAYKOBaHOTO €(EKTY B yCiX
BUMNAAKax AOCiAyY. 3apeecTpOoBaHO MiXiHAMBIAYalbHY
BapiabeIbHICTh 00CTEXEHUX 0Ci0 y 3AaTHOCTI 10 PO3-
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can be mediators of bystander signal transmission in
such models and when using a conditioned medium
from irradiated cells [28-30]. At the same time, an
increase in the frequency of chromosomal aberra-
tions (dicentric chromosomes, Robertsonian trans-
locations, centromeric breaks) during the develop-
ment of the radiation-induced bystander effect was
shown by S. Kirolikar et al. [31] in studying the in-
volvement of free extracellular chromatin from irra-
diated human breast cancer cells (MDA-MB231) as
an inducer of the bystander effect in non-irradiated
NIH3T3 mouse fibroblasts. The result was due to the
inclusion of irradiated extracellular chromatin in the
DNA of non-irradiated control cells (confirmed by
the authors using fluorescent hybridization). As a
result, damage inherent to the direct action of radi-
ation was induced in non-irradiated cells.

Cultivation of peripheral blood lymphocytes of
healthy individuals with the addition of conditioned
medium from non-irradiated bystander cells of
human non-small cell lung cancer A-549 established
an increase in the level of chromosome aberrations
due to the rise in the frequency of chromatid-type
aberrations represented by single fragments, which
indicates the development of a secondary radiation-
induced bystander effect. Comparison of chromo-
some stability of human peripheral blood lympho-
cytes during the development of primary and sec-
ondary radiation-induced bystander effect showed
that during the induction of secondary radiation-
induced bystander effect, the frequency of chromo-
some aberrations and chromatid-type aberrations
did not significantly differ from the level of these
damages during the development of the primary
radiation-induced bystander effect. This indicates
stabilization of the increased level of chromosomal
instability induced by the primary and secondary
radiation-induced bystander effect in human
peripheral blood lymphocytes in vitro. The levels of
exchange chromosomal-type aberrations (abnormal
monocentric and dicentric chromosomes) corre-
sponded to the population level, which indicates the
absence of the influence of the secondary bystander
effect on their induction. Analysis of individual val-
ues of the frequency of chromatid-type aberrations
during the development of manifestations of the
bystander effect showed an increase in this indicator
due to the induction of tumor-, radiation-induced,
and secondary radiation-induced effects in all cases
of the experiment. Interindividual variability of the
examined persons in the ability to develop these




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

EXPERIMENTAL

RESEARCH

BUTKY LIMX €(eKTiB, 10 He KopeawBala 3 (OHOBUM
piBHEM XPOMOCOMHOI HECTabiIbHOCTI B JliMdoLUTax ix
nepudepuIHOi KPOB.

BUCHOBKU

3arajbpHa yactoTa abepalliii XpoMOCOM B JiMGOLIMTaX Ie-
pudepuIHOI TIOOUHA 34 KYJIETUBYBAHHS 3 KOHIUIITHIM
cepeloBUIIEM Bil HEOINPOMiHEHMX KJITUH-CBIiAKiB
HeNpiOHOKIIITUHHOTO paKy JereHiB A-549 nepeBuiiyBaia
TaKy B KOHTPOJIi 32 paXyHOK 3pOCTaHHS YaCTOTU OJMHOY-
HUX (pparMeHTiB, 1110 BKA3y€ Ha IiABUILEHHS PiBHS XpO-
MOCOMHOI HECTaOiIbHOCTI TIpU PO3BUTKY BTOPUHHOTO
pamianifHo-iHIyKOBaHOTO eheKTy CBiaka. PO3BUTOK BTO-
PUHHOIO pafialifHO-iHAYKOBAHOTO e(eKTy CBigKa He
BIUIMBAaB Ha IHAYKIIil0O abepaliii XpOMOCOMHOIO THUILY.
PiBHi aGepaliii XpoMOCOM XPOMATHIHOTO TUITY TIPU PO3-
BUTKY MEPBUHHOTO i BTOPUHHOIO pafialliiiHO-iHIyKOBa-
HOro e(peKTy CBiIKa 3HAYMMO HE PO3Pi3HSIUCE.

Oxepena ¢piHaHCYBaHHSA

HocnimxkeHHs BukoHaHi y Mexkax HIIP 614 «/locaimkeH-
Hs CTaOiIBHOCTI XpOMOCOM COMAaTUYHMX KJIITHUH JIIOAU-
HU IPU PO3BUTKY BTOPUHHOTO pajialliiHO-1HIyKOBaHO-
ro edexry cBinka», ¢diHancyBanHa HAMH VYkpainm,
JIep>KaBHUM OIOIKET.
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effects was recorded, which did not correlate with
the background level of chromosomal instability in
the lymphocytes of their peripheral blood.

CONCLUSIONS

Under the conditions of co-cultivation of human
peripheral blood lymphocytes with conditioned
culture medium from bystander cells of human
non-small cell lung cancer A-549, a secondary
radiation-induced bystander effect was registered,
the cytogenetic manifestation of which was an
increase in the level of chromosomal instability
due to an increase in the frequency of chromatid-
type aberrations (single fragments). The levels of
chromatid-type chromosome aberrations during
the development of the primary and secondary
radiation-induced bystander effect did not differ
significantly.
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