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INEPCUCTEHIIII TEHOMHOI HECTABUIbHOCTI BHACJIIIOK
PO3BUTKY ITYXIIMHHO-IHAYKOBAHOT'O EQEKTY CBIIKA
B COMATUYHUX KIITNHAX JIIOANHN

MerTa: BCcTaHOBUTY piBeHb abepalliii XpoMocoMm y niMdoumnTax nepudepruyHoi KpoBi NIOAUHU NPU PO3BUTKY B HUX MyX-
JIMHHO-TH[YKOBaHOro edeKTy CBifKa BMPOAOBK KilbKOX MiTOTUYHMUX NOAINiB.
Marepianu i meTopu. Matepian: nimdounTn nepudepnyHoi KPOBi TIOANHY; KYNLTYPA KINiTUH HEAPIOHOKNITUHHOTO pa-
Ky NlereHb JIl0AUHN NiHiT A-549. MeTof: LMTOreHETUYHUIA aHaNi3 PiBHOMIPHO 3abapBieHNUX XPOMOCOM NiMdOLUTIB Nne-
pueprnyHOT KPOBi NIOANHN 3 BU3HAYEHHSAM YaCTOTU BCiX TUMiB abepalliil.
Pesynbratu. Y nimbountax nepudepuyHoi KpoBi NIOANHN 338 LOBFOCTPOKOBOTO 120-rofJMHHOTO KYNbTUBYBAHHA 3 A0-
AaBaHHAM KOHAMUiiHOTO cepeoBMLia KNiTUH HefpiOHOKNITUHHOTO paKy NereHi NoguHu niHii A-549 3apeecTpoBaHo
NifBUILEHHs PiBHA abepaliil XxpOMOCOM MOpiBHAHO 3 KOHTponeM 3 1,90 o 3,40 Ha 100 KNiTUH y nepwomy MiTo3i, 3
2,00 o 3,60 Ha 100 knituH — y apyromy, 3 1,70 o 3,10 Ha 100 kniTuH — y TpeTbomy, 3 1,50 g0 2,80 Ha 100 KNiTUH y
YeTBEPTOMY KNiTUHHOMY NoAini (p< 0,05). 3pocTaHHA XPOMOCOMHOT HeCTabiNbHOCTI BiabyN0CA 3a paxyHOK 36iNbleH-
HS 4aCTOTW OfMHOYHMX hparmeHTie 3 0,70 go 2,20 Ha 100 kniTUH y nepwomy miTo3i, 3 1,00 go 2,10 Ha 100 KniTUH — y
apyromy, 3 0,90 go 2,00 Ha 100 kniTuH — y TpeTboMy, 3 1,10 fo 2,40 Ha 100 KNiTUH y YeTBEPTOMY KNiTUHHOMY Mogini
(p<0,05). YactoTu abepaLiit XxpOMOCOMHOTO TUNY (ALEHTPUYHUX NAPHUX (HPArMeHTiB, aHOMANbHUX MOHOLLEHTPUKIB)
BMPOJOBX Nepiofly CNOCTEPEXEHHA HE ManW 3HAYYLWOT Pi3HWL 3 BIiANOBIAHUMU KOHTPONAbHUMM piBHAMMK (p > 0,05).
OVUEHTPUYHUX XPOMOCOM He 3ape€ECTPOBAHO.
BucHoBKu. Y nimdbounTax nepudepuyHoi KpoBi 30poBUX 0CiO 3a KynbTUBYBAHHA BNPOAOBK YOTUPLOX KMITUHHUX
nodinie 3 AofaBaHHAM KOHAMLUIMHOrO cepefloBUILA KNiTUH HefpPiOHOKNITUHHOrO paKy NereHb NAuHK NiHiT A-549
BCTaHOBJEHO MEPCUCTEHLiI0 FrEHOMHOT HeCTabifIbHOCTi BHACAIA0K PO3BUTKY NYXJIMHHO-IHAYKOBAHOrO edeKTy CBifKa,
LMTOTEHETUYHUM NPOSBOM fKOi GYNO 3pOCTaHHA 3aranbHOi YacTOTW abepaliil XpOMOCOM 3a PaxyHOK MOWKOAMXEHb
XpomaTtupgHoro Tuny. Yactot abepauiit xpomatugHoro TMny (ofMHOYHMX (DparMeHTiB) mepeBuliyBanu BigNoBiAHi
KOHTPONi i 3HAuylle He PO3Pi3HAANCL MiX OKPEMUMU MITOTMYHWMMW noginamu. PO3BUTOK MyxNMHHO-IHAYKOBAHOIO
edeKTy CBiKa He BM/IMBAB Ha iHAYKLil abepaLiit XpoMOCOMHOro TUny (aueHTPUYHUX HparMeHTiB, aHOMANbHUX MO-
HOLLeHTPUKIB, AULEHTPUYHUX XPOMOCOM), PiBH AKUX HE Manun iCTOTHOT Pi3HULT 3 KOHTPONbHUMMU.
KniouoBi cnoBa: nyxnnHHO-iHAYKOBaHMiA eeKT cBigka; nimbountn nepudepnyHoi KpoBi NIOANHN; NEPCUCTEHLiS, re-
HOMHA HecTabinbHiCTb, abepalii xpomMocom.
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PERSISTENCE OF GENOMICAL INSTABILITY DUE TO THE
DEVELOPMENT OF THE TUMOR-INDUCED BYSTANDER EFFECT
IN HUMAN SOMATIC CELLS

Objective: to establish the level of chromosome aberrations in human peripheral blood lymphocytes during the
development of a tumor-induced bystander effect over several mitotic divisions.
Materials and Methods. Material: human peripheral blood lymphocytes; human non-small cell lung cancer A-549
cell culture. Method: cytogenetic analysis of uniformly stained human peripheral blood lymphocyte chromosomes
to determine the frequency of all types of aberrations.
Results. In human peripheral blood lymphocytes after long-term (120-hour) cultivation with the addition of con-
ditioned medium from human non-small cell lung cancer A-549 cells, an increase in the level of chromosome aber-
rations was registered compared to the control: from 1.90 to 3.40 per 100 cells in the first mitosis; from 2.00 to 3.60
per 100 cells in the second; from 1.70 to 3.10 per 100 cells in the third; and from 1.50 to 2.80 per 100 cells in the
fourth cell division (p < 0.05). The increase in chromosomal instability occurred due to an increase in the frequen-
cy of single fragments: from 0.70 to 2.20 per 100 cells in the first mitosis; from 1.00 to 2.10 per 100 cells in the
second; from 0.90 to 2.00 per 100 cells in the third; and from 1.10 to 2.40 per 100 cells in the fourth cell division
(p < 0.05). The frequencies of chromosomal-type aberrations (acentric paired fragments, abnormal monocentrics)
showed no significant difference from the corresponding control levels (p > 0.05) during the observation period.
Dicentric chromosomes were not registered.
Conclusions. Persistence of genomic instability due to the development of a tumor-induced bystander effect was
established in peripheral blood lymphocytes of healthy individuals after four cell divisions of cultivation with a con-
ditioned medium from human non-small-cell lung cancer A-549 cells. Its cytogenetic manifestation was an increase
in the frequency of chromosome aberrations due to chromatid-type damage. The frequencies of chromatid-type
aberrations (single fragments) exceeded the corresponding controls and did not differ significantly between mitot-
ic divisions. The development of the tumor-induced bystander effect did not influence the induction of chromoso-
mal-type aberrations (acentric fragments, abnormal monocentrics, dicentric chromosomes), whose levels did not dif-
fer significantly from the controls.
Key words: tumor-induced bystander effect; human peripheral blood lymphocytes; persistence; genomic instabili-
ty; chromosome aberrations.
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BCTYII

ITyxnrHHO-iHAYKOBaHUM e(DeKT CBiKa € OAHUM 3 IPO-
SIBIiB YHiBepcaJlbHOTO (peHOMEeHY edeKkTy cBimka [1—3].
Moro po3BUTOK XapaKTepU3YETbCS T€HOTOKCUYHUM
BILJIMBOM OHKOJIOTIYHO TpaHC(OPMOBAHMX KJIITUH Ha
IHTAKTHI 3a MOCepeIHULITBA aKTUBHUX (POPM KUCHIO i
a30Ty, LUUTOKIHIB, iHTepJeiiKiHiB, 0e3KJIITUHHUX XPO-
maTuHOBUX 4yacTMHOK (cfCh), mozakmitunHoi JHK,
ek30coM [4—7]. BHacimoK Takoro BIJIMBY Y KJIiTUHAX-
CBigKax 3MIiHIOIOTHCS TOKa3HMKUA OKUCIIOBAJIBHO-
BiZHOBJIIOBAJILHOI'O TOMEOCTA3y, EKCIIPECisi TeHiB i Me-
tunyBaHHs JIHK, iHayKyioTbes myTallii, XpOMOCOMHi
abepallii, yTBOPIOIOTbCSI MiKpOsiApa, MOCUIIOETHCS

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

INTRODUCTION

Tumor-induced bystander effect is one of the mani-
festations of the universal phenomenon of the
bystander effect [1—3]. Its development is character-
ized by the genotoxic effect of oncologically trans-
formed cells on intact cells mediated by reactive
oxygen and nitrogen species, cytokines, inter-
leukins, cell-free chromatin particles (cfCh), extra-
cellular DNA, exosomes [4—7]. As a result of such
influence, indicators of redox homeostasis, gene ex-
pression, and DNA methylation change in by-
stander cells, mutations, chromosomal aberrations
are induced, micronuclei are formed, and apoptosis
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anornro3 [7—10]. XapakTepHOI0 O3HAKOI MYXJMHHO-
iHIyKOBaHOIO e(eKTy CBilKa € iHayKllis TeHOMHOI Hec-
TabitpHOCTI |3, 7, 9]. 30epekeHHSsI LTiICHOCTi TeHOMY 3a-
Oe3neuyeThbest mpouecamu penapauii JHK ta emiminariii
HEXUTTE3MATHUX KITITHH. [1py mopylieHHi X MpolLeciB
Ha TJi MYTareHHOTO BIUIMBY T€HETHYHi ITOIIKOIKECHHS
MOXKYTb 30€piraTuch i nepegaBaTUCh MPOTITOM KiJIbKOX
KJIITUMHHUX TeHepalliii, 1110 MOXe MPU3BOAUTHU 10 HApOC-
TaHHSI TeHOMHOI HecTabiabHOCTI [11—13]. Po3BuTtok re-
HOMHOI HecTabiJIbHOCTI BHACJIiIOK e(eKTy CBiKa MOXe
COpUSITU peatizallili BTOPMHHUX 3JI0SIKiICHUX HOBOYTBO-
peHb Y OHKOJIOTIYHMX XBopux [14—16]. BinbmicTs
JOCJiIKEHb FeHETUYHOI HeCTA0IbHOCTI i MOILIKOIKEHHS
JHK BHacninok eekTy cBiaka MoB’s13aHi 3 pagialiiHuM
BIUIMBOM Ha MaJlirHi30BaHi / HOpMaJIbHi KJIITWHH, IO
JIO3BOJISIE TOBOPUTHU TIPO iHAYKIIIO i MEPCUCTEHIIIIO Te-
HOMHOI HecTabiJIbHOCTI BHACIAOK pafialliiiHO-iHIyKO-
BaHOTO eekTy cBinka [9, 17, 18]. IlepcucTeH1isl reHOM-
HOI HecTabOiJbHOCTI BHACHiAOK PO3BUTKY MYXJIMHHO-
iHIYKOBaHOIO e(heKTy CBilKa JIMIIAETHCS HEAOCTaTHHO
BHBUYEHOIO. 3Baxkalouyu Ha BUKJIaieHe, METOI0 poOOTH OY-
JIO BCTAHOBJIEHHSI piBHS abepalliii XxpoMOCOM IIpU PO3-
BUTKY MYXJIMHHO-iHIYKOBAHOTO e(PeKTy cBinKa y JiMdo-
UTax epudepruyHOi KPOBi JIOOMHU BIPOJOBXK KiTbKOX
MIiTOTUYHUX MOJIiJTiB.

MATEPIAJIN TA METOJIN DTOCIIIZKEHb

HocnimKeHHsl TTepCUCTeHIIii TeHOMHOI HeCTaOiIbHOCTI
COMATUYHMX KJIITUH JIOOAWHU BHACIIIOK PO3BUTKY ITyX-
JIMHHO-1HAYKOBAHOTO e€(eKTY CBilKa BUKOHAHO 3 BUKO-
PUCTAaHHSIM KJIITUH HEIPiOHOKIITUHHOTO paky JiereHb
JoauHu JiHil A-549 (iHAyKTOpiB cuUrHaily edekTy
cBimKa) i JiM(bOLUTIB MeprudepuyHoi KpOBi JTIOAUHU
(KTITUH-CBIiAKIB), A€ PEECTPYBAIM LIUTOT€HETUYHI MO-
Ka3HUKHM BIPOJOBX UYOTUPHOX MITOTUUYHUX MOALIIB.
MeniaTopoM pO3IOBCIOIKEHHsI CUTHAIY e(heKTy CBilka
OyJ10 KOHAULIiliHEe cepeloBUIle KIITUH A-549.

ITpu BUKOHAHHI pOOOTU BUKOHYBAJIN OKPEME KYJIBTH-
ByBaHHsI JIiM(OIIUTIB niepudepryHOi KPOBi JIIOAUHU IS
BU3HAYEHHS B HUX (POHOBOIO (KOHTPOJBHOIO) PiBHS
abepaluiifi XxpoMocoOM BIIPOJAOBX KiJTbKOX KIIITUHHUX
MOAIIB Ta KyJBTUBYBaHHS JiM(OLUTIB nepudepudHoi
KpOBI JIIOAWHU 3 10JAaBaHHSIM KOHIULIIMHOIO CepeloBU-
1A KyJBTYPU KJIITUH HeAPiOHOKJIITUHHOTO paKy JiereHb
A-549 nns BU3HAUYEHHST PiBHS XPOMOCOMHOI HeCTabib-
HOCTI, iHIyKOBaHOI B JliM@oLuTaX IepudepudHoi KpoBi
JIIOAMHU BHACHiIOK PO3BUTKY Ta MOXJIMUBOI MEPCUC-
TeHIIil MyXJIMHHO-iHIyKOBAHOTO e(PeKTy CBigKa.

Mo nocnimkeHHS Ha OCHOBi MOiIH(OPMOBAHOI 3roau
OyJu 3a1y4YeHi AeCcITh 3M0POBUX OCi0 (BiciM XKiHOYOI i IBi
YOJIOBiUOi CTaTi) cepemIHbOro BiKY, SKi 3alepedyBan
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is enhanced [7—10]. A characteristic feature of the
tumor-induced bystander effect is the induction of
genomic instability [3, 7, 9]. The integrity of the
genome is ensured by DNA repair processes and
the elimination of non-viable cells. When these
processes are disrupted by mutagenic effects,
genetic damage can persist and be transmitted over
multiple cell generations, potentially leading to
increased genomic instability [11—13]. The devel-
opment of genomic instability due to the bystander
effect can contribute to the realization of second-
ary malignant neoplasms in cancer patients [ 14—16].
Most studies of genetic instability and DNA dam-
age due to the bystander effect are related to radi-
ation exposure to malignant/normal cells, suggest-
ing the induction and persistence of genomic
instability due to radiation-induced bystander
effect [9, 17, 18]. The persistence of genomic
instability due to tumor-induced bystander effect
remains poorly understood. Considering the
above, the aim of the work was to establish the level
of chromosomal aberrations during the develop-
ment of tumor-induced bystander effect in human
peripheral blood lymphocytes during several
mitotic divisions.

MATERIALS AND METHODS

The study of the persistence of genomic instability
of human somatic cells due to the development of
a tumor-induced bystander effect was performed
using human non-small cell lung cancer A-549
cells (bystander effect signal inducers) and human
peripheral blood lymphocytes (bystander cells),
where cytogenetic parameters were recorded over
four mitotic divisions. The mediator for the spread
of the bystander effect signal was the conditioned
medium of A-549 cells.

During the work, separate cultivation of human
peripheral blood lymphocytes was performed to
determine the background (control) level of chro-
mosome aberrations in them over several cell divi-
sions, and cultivation of human peripheral blood
Ilymphocytes with the addition of conditioned
medium of non-small cell lung cancer A-549 cells
to determine the level of chromosomal instability
induced in human peripheral blood lymphocytes
due to the development and possible persistence of
the tumor-induced bystander effect.

Ten healthy middle-aged individuals (eight
women and two men) who denied conscious expo-
sure to ionizing radiation during the year prior to
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CBiIOMMIA KOHTAaKT 3 iOHi3yIOUMM BUIIPOMiHIOBaHHSM
BITPOJIOBX POKY Tepe IUTOTEHETUIHUM OOCTEXKEHHSIM.

KynbsruByBaHHS LJILHOI KPOBI JTIOAWMHU BUKOHYBAJIU 3
BUKOPHMCTAHHSIM 3arajJbHOBXMBAHOI'O HaIliBMiKpOMETO-
Iy y Haliii mogudikartii [19]. [emapuHizoBaHy BEHO3HY
KpoB 06’emoM 0,50 M KyJabTHBYBaiud 3 JOJaBaHHSIM
4,50 M xuBmibHoro cepegosuiia RPMI 1640 3 L-ro-
taminoM (Sigma, USA), 0,10 mu ¢ditoreMarmoTUHIHY
(PHA, Difco-P, Sigma, USA) Brnponosx 48 romauH, 1o
JIO3BOJISIIIO aHAJI3yBaTU KIIITUHU MEPEBAXHO MEPIIOTO
KYJIBTYPaJbHOTO MiTO3y; 72 TOAWH — APYroro mMitosy; 96
roauH — TpeThoro; 120 roguH — 4eTBEepTOro MiTo3y. 3a 2
TOIWHM A0 3aKiHYEeHHS KyJbTUBYBaHHsS momaBaiu 0,10
mi konueminy (Colcemid, Sigma, USA). Iliciasa rimo-
ToHiYHO1 00po0K; (0,075 M pozunmnom KCl) i dikcarrii
(96% eraHOJOM Ta JILOASHOIO OLITOBOI KHUCJIOTOIO Y
criBBimHOIIEHHI 3 : 1) omepxXyBaiau (hiKcoBaHi KJIITUHHI
ocanu, sIKi 30epirasm y MOpo3UIbHil KaMepi mpu TeMIie-
parypi — 20 °C go mpuroTyBaHHS ITpenapariB MeTadas-
HUX XPOMOCOM.

KritiHy HeApiOHOKIITUHHOTO paKy JIETeHb JTIOAUHU A-
549 KyJbTUBYBaIM B MOXUBHOMY cepenoBulli Advanced
DMEM/F12 3a ctanmapTHOIO MeToaukoio [20].

I1pu pocnigkeHHi iHAYKIIIL i MePCUCTEHIIIT MyXJIMHHO-
iHIyKOBaHOTO e(heKTy CBilKa KOHIULITHE CEPEIOBUILIE
KJIITUH A-549 Binbupanu uyepes 24 ronMHU IiCs1 3aMiHU
i momaBajy 40 KyIbTypH JTiMponTiB KpoBi B 00’ emi 0,30
MJI Tiepel Io4yaTKoM KyJbTuByBaHHs. Dikcaliio i 00-
POOKY KyJIbTYp mpoBonuiau Ha 48, 72, 96 i 120 roauHi,
1110 BiAMOBiAAI0 MPOXOMXKEHHIO JiMbouuTaMu repude-
pUYHOI KpOBi MEPUIOr0 — YETBEPTOrO MITOTUYHUX
OB,

IIpermapatn MeTtacdazHuUx XpomMocoM ¢apOyBaiu piB-
HoMipHO OapBHUKOM ['iM3a (Merck, HimeuunHa). Iu-
TOr€HETUYHUI aHajli3 NPOBOAWIM MiJ CBITIOBUMU
Mikpockonamu «Aristoplan» (Leitz, HimeuunHa), «Axio-
scope» (Opton, Himeuuuna), <«Axioplan» (Opton,
HimeyuunHna) 3i 36inbmenHsm x 1000. ITig yac nuroreHe-
TUYHOIO aHali3y BpaXxoByBaJu abepalii XpoMaTUIHOIO
(OIMHOYHI alleHTpUYHi pparMeHTH, XpoOMaTUIHI OOMi-
HU) Ta XpPOMOCOMHOTO (MapHi (pparMeHTH, alleHTPUYHi
KiJIbLS, AALEHTPUYHI Ta KiJbLIEBI XpOMOCOMH, aHO-
MaJIbHi MOHOIICHTPUKM ) TUTIIB. 3arajloM ITpY BUKOHAHHI
pobotu npoanainizoBaHo 8000 KIiTHH.

71 KOXXKHOT TOUKM MOCHIAY, SIKOI0 BBaXKaau KYJIbTYpy
JIIM(OLIMTIB KPOBi OJHIET 0OCTEXXEHOI 0CO0U, PO3paxo-
BYBaJIu BiACOTOK abepaHTHUX MeTada3 i yacToTy abe-
pauiii xpomocom Ha 100 meracdas. JlaHi Mo oKpeMux
TOYKaX Jociay o0’eaAHyBaIu y BapianTu pociiny (1, 2,
3, 4 MiTO31) B KOHTPOJi Ta OpUA PO3BUTKY MYyXJIAMHHO-
iHAYKOBAaHOTO e(MEKTy CBiIKa 3 IOJAJBIINM PO3paxyH-

cytogenetic examination were involved in the
study based on informed consent.

Cultivation of human whole blood was per-
formed using the generally accepted semi-micro-
method in our modification [19]. Heparinized
venous blood with a volume of 0.50 ml was cultured
with the addition of 4.50 ml of RPMI 1640 nutrient
medium with L-glutamine (Sigma, USA), 0.10 ml
of phytohemagglutinin (PHA, Difco-P, Sigma,
USA) for 48 hours, which allowed analyzing cells
mainly of the first cultural mitosis; 72 hours — sec-
ond mitosis; 96 hours — third; 120 hours — fourth
mitosis. Two hours before the end of cultivation,
0.10 ml of colcemid (Colcemid, USA) was added.
After hypotonic treatment (0.075 M KCI solution)
and fixation (96% ethanol and glacial acetic acid in
a ratio of 3:1), fixed cell sediments were obtained,
which were stored in a freezer at — 20 °C until the
preparation of metaphase chromosome slides.

Human non-small cell lung cancer A-549 cells
were cultured in Advanced DMEM/F12 nutrient
medium according to standard methods [20].

When studying the induction and persistence of
the tumor-induced bystander effect, the condi-
tioned medium of A-549 cells was taken 24 hours
after replacement and added to the blood lympho-
cyte culture in a volume of 0.30 ml before the start of
cultivation. Fixation and processing of cultures were
performed at 48, 72, 96, and 120 hours, which cor-
responded to the passage of peripheral blood lym-
phocytes through the first to fourth mitotic divisions.

Metaphase chromosome slides were uniformly
stained with Giemsa dye (Merck, Germany). Cyto-
genetic analysis was performed under light micro-
scopes <«Aristoplan» (Leitz, Germany), <«Axio-
scope» (Opton, Germany), «Axioplan» (Opton,
Germany) with x 1000 magnification. During cyto-
genetic analysis, chromatid (single acentric frag-
ments, chromatid exchanges) and chromosomal
(paired fragments, acentric rings, dicentric and
ring chromosomes, abnormal monocentrics) types
of aberrations were taken into account. In total,
8000 cells were analyzed during the work.

For each experimental point which was consid-
ered a culture of blood lymphocytes from one exam-
ined individual, the percentage of aberrant
metaphases and the frequency of chromosome aber-
rations per 100 metaphases were calculated. Data for
individual experimental points were combined into
experiment variants (1, 2, 3, 4 mitoses) in the con-
trol and during the development of the tumor-
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KOM CepeIHbOTPYIIOBUX 3HAUYCHD i CTATUCTUYHUX I10-
XMOOK. 3HAXOAWIM Pi3HULIO MiX cepelHiMU 3HaYeH-
HSIMU B OKpPEMUX BapiaHTax gociimxkeHHs. IlepeBipky
HYJIbOBUX TiTOTE3 TMIPOBOAWIN Ha PiBHI 3HAUYIIOCTI p <
0,05 3a normomororo kputepito CTbloAeHTA.

PE3VIJIBTATU

LytoreHeTnuHmit aHami3 JiM(MOIUTIB KPOBi 310POBUX
0Ci0 BCTAaHOBMB, 1110 Y TMEPIIOMY MiTOTUYHOMY ITOILJTi
(Ha 48 roauHi KyJBTUBYBaHHS) CEpEIHS YacToTa abepa-
HTHUX KJIITUH Ta piBeHb abepalliii XpOMOCOM CTaHOBU-
s 1,90 Ha 100 kiituH (Taba. 1). AGepallii XpoMaTHUIHO-
ro Tumy (oaMHOYHI hparMeHTH) ckiaganu 37 % Bin 3a-
rajabHOI KiJIBKOCTiI MOLIKOMXEHb XpoMOcoM. BoHM 3a-
peecTpoBaHi 3 cepeaHboio yactortoro 0,70 Ha 100 meTa-
¢a3 (tabn. 2). CepemHbOrpyIroBuii piBeHb abepalliii
XpoMocoMHoro Tuity ctaHoBuB 1,20 Ha 100 Mertadas.
Bonu Oynu mpeacTtaBieHi alEHTPUYHUMM MHapHUMU
¢parmenTn 3 9actororo 1,10 Ha 100 KITiTUH Ta aHOMAaJTb-
HUMH MOHOILIEHTPUKAMM 3 cepeaHboio yactotoro 0,10
Ha 100 xtiTuH. ¥ npyromy Mito3i (72 TonMHU KyJIBTUBY-
BaHHsI) CIIOCTEpirajii TEHAEHLII0 10 IMiABUILIEHHS Ce-
pEeIHBLOrPYIIOBOI 4acTOTU abepaliii XpomocoM, a y
TPETHOMY i UETBEPTOMY — JO 3HWKEHHS MOPiBHSIHO 3
TMOKa3HUKOM TEPIIOTO KJIITUHHOTO MOiTY. Y 4eTBepTO-
My MiToTMyHOMY Ttoaimi (120 roauH KyJBTHBYBaHHS)
et mokasHuk ckiagas 1,50 Ha 100 meradas. [HouBimy-
aJIbHi YacTOTH abepalliif XpoMOCOM Y IIepIIOMY i APYro-
MY MIiTOTUYHMX MOAUIaX JiMQOIIUTIB KPOBi 3HAXOAMIIH -
cg B Mexax 1,00—3,00 na 100 metacdas, y TpeTboMy i
yeTBepTOMy MiTo3ax — 1,00—2,00 ra 100 meTadas.

Taoauuya 1

induced bystander effect, with subsequent calculation
of group mean values and statistical errors. The differ-
ence between the mean values in individual study vari-
ants was found. Null hypotheses were tested at a signif-
icance level of p < 0.05 using Student’s #-test.

RESULTS

Cytogenetic analysis of blood lymphocytes from
healthy individuals showed that in the first mitotic
division (at 48 hours of cultivation) the mean frequen-
cy of aberrant cells and the level of chromosome aber-
rations were 1.90 per 100 cells (Table 1). Chromatid-
type aberrations (single fragments) accounted for 37%
of the total number of chromosome lesions. They were
registered with a mean frequency of 0.70 per 100
metaphases (Table 2). The mean group level of chro-
mosome-type aberrations was 1.20 per 100 metaphas-
es. They were represented by acentric paired fragments
with a frequency of 1.10 per 100 cells and abnormal
monocentrics with an average frequency of 0.10 per
100 cells. In the second mitosis (72 hours of cultiva-
tion), a tendency was observed to increase the mean
group frequency of chromosome aberrations, and in
the third and fourth — to decrease compared to the
indicator of the first cell division. In the fourth mitotic
division (120 hours of cultivation) this indicator was
1.50 per 100 metaphases. Individual frequencies of
chromosome aberrations in the first and second mitot-
ic divisions of blood lymphocytes were within
1.00—3.00 per 100 metaphases, in the third and fourth
mitoses — 1.00—2.00 per 100 metaphases.

OCHOBHi UMTOreHeTUYHi NOKA3HUKYU NPU JOCAISKEHHT nepcucTeHLii NnyxAMHHO-iHAYKOBaHOro edeKTy CBiAKa B

nimcoumntax Kposi nioguHu, M + m
Table 1

The main cytogenetic data in the study of the persistence of the tumor-induced bystander effect in human

blood lymphocytes, M + m

KinbkicTb

Bapiantn gocnigy ' .
npoaHani3oBaHuX KIiTMH

Experimental Number

Yacrora
abepaHTHUX KNiTUH, %

Frequency of aberrant

YacTora abepauiit xpomocom, Ha 100 kniTuH

Frequency of chromosome aberration,
per 100 cells

variants of cells cells, % cepeaus MiHiM.a’]bHa_MaKc?' Manbha
mean minimum—maximum
KouTtponb / Control
oo | ] 1000 1,90 0,43 1,90 % 0,43 1,00-3,00
g 2 1000 2,00 + 0,44 2,00 + 0,44 1,00-3,00
s § 3 1000 1,70 £ 0,41 1,70 £ 0,41 1,00-2,00
4 1000 1,50 + 0,38 1,50 +0.38 1,00-2,00
MyxnuHHo-iHpyKoBaHUI edexT cipka / Tumor-induced bystander effect

" 1 1000 3,40 £ 0,57 3,40 0,57 2,00-5,00

‘é’ 2 2 1000 3,60 0,59 3,60 0,59 3,00-4,00
= § 3 1000 3,10 £ 0,55 3,10 £ 0,55 3,00-4,00
4 1000 2,80 £ 0,52 2,80 £ 0,52 2,00-4,00
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Ta6auusa 2

YacroTta abepayiin xpoMaTUAHOrO i XPOMOCOMHOrO TUMY NPU AOCNIAMXEHHI nepcucTeHuii nyxnMHHO-THAYKOBa-

Horo edekTy cBiAKa B nimouutax KpoBi nioguHu, M + m
Table 2

Frequency of chromatid and chromosome type aberrations in the study of the persistence of the tumor-
induced bystander effect in human blood lymphocytes, M + m

YacroTa abepauiit xpomocom, Ha 100 kniTuH

Bapiantu Frequency of chromosome aberration, per 100 cells
pocnigy XpomocomHoro tuny / Chromosome type
XpomarupHoro Tuny ALEHTPUYHI aHOMaJIbHi BULEHTPUYHI i
Experimental Chromatid type ¢parmeHTn MOHOLEHTPUKN  KiNlbLIEBi XPOMOCOMM BCbOI0
variants acentric abnormal dicentric and total
double fragments monocentrics ring chromosomes
KouTtponb / Control
0@ 1 0,70 +0,26 1,10 £0,33 0,10+ 0,10 0,00 £ 0,00 1,20 £ 0,34
°4 2 1,00 +0,31 1,00 + 0,31 0,00 £ 0,00 0,00 £ 0,00 1,00 + 0,31
55 | 3 0,90 +0,30 0,80 +0,28 0,00 0,00 0,00+ 0,00 080:£0,28
4 1,10 £0,33 0,40 £ 0,20 0,00 £ 0,00 0,00 £ 0,00 0,40 £ 0,20
MyxnuxHo-iHayKoBaHUI edexT ceipka / Tumor-induced bystander effect
0.2 1 2,20+0,46 1,10+ 0,33 0,10+ 0,10 0,00 £ 0,00 1,20 £ 0,34
°2 2 2,10+0,45 1,40 £ 0,37 0,10+ 0,10 0,00 £ 0,00 1,50 £ 0,38
s § 3 2,00+0,44 1,10 £0,33 0,00 £ 0,00 0,00 £ 0,00 1,10 0,33
4 2,40£0,40 0,40 £ 0,20 0,00 £ 0,00 0,00 £ 0,00 0,40 £ 0,20

CepeaHbOrpyIToBa YacTOTa abeparliii XxpOMOCOM Y TIep-
IIOMY MIiTOTUYHOMY MOAiTi JTiM(OLUTIB nepudepuaHoi
KPOBI JIIOIWHU NPY KYJIBTUBYBaHHI i3 TOoJaBaHHSIM KOH-
JULIAHOTO cepenoBUlla BiJl KJIITUH HEAPIOHOKIITUHHO-
ro paxy JereHi moguHu A-549 mnepeBullyBana Bin-
MOBigHUI KOHTpoJbHUM piBeHb (p < 0,05) i craHOBUIA
3,40 na 100 KJ1iTMH 3 IHAMBiAYyaJbHUMU KOJIMBAHHSIMU B
mexkax 2,00—5,00 na 100 kaiTuH. AbGepallii XxpoMaTUAHO-
ro TAMy cKiaganu 65 % Bim 3arajbHOI KiJIbKOCTI ITOLI-
KOJIKeHb XpOMOCOM. BoHu Oynu mpeacTaBieHi Omu-
HOYHUMM (pparMeHTaMHu 3 CepeIHbOTPYIIOBOIO YacTO-
toro 2,20 Ha 100 KIiTHH, 110 MepeBUIllyBajga KOHTPOJIb-
Hy (p < 0,05). InouBinyanbHi MOKa3HUKM 4acTOTU ade-
paliif XpoMaTHIHOTO TUIY 3HAXOAWIMCh y MeXaX Bil
1,00 oo 3,00 Ha 100 xaitTuH (puc. 1). ¥ BocbMu BUIagkax
IOCJIiIy CITOCTepirajy 3pOCTaHHS IIbOTO ITOKAa3HUKA I10-
PiBHSIHO 3 KOHTPOJbHUM pPiBHEM, LIO CBiIUYMTh MPO iH-
JTYKIiI0 MyXJIMHHO-iHAYKOBAHOTO e(eKTy cBinka. Y BU-
naakax 7 i 8 piBeHb abepallili XpOMaTUIHOTO TUITy HE
3MiHUMBCSI — MyXJIMHHO-1HAYKOBAHOTO €(DEKTy CBiaKa He
OyJsi0 3apeecTpoBaHO. 30iTbIIEHHS XPOMOCOMHOI Hec-
TaOIILHOCTI MpU IHAYKLII MYyXJIMHHO-iHIYKOBAaHOTO
edeKTy CBigKa He 3ajiexxayo Bill (pOHOBOro piBHS abe-
pauiit xpomocom. Yacrtora abepalliii XpOMOCOMHOTIO
ity ctaHoBmna 1,20 Ha 100 KJTiTWH, 1IIO0 HE MaJio CTa-
TUCTUYHO 3HAYYILOI Pi3HULI 3 KOHTPOJBbHUM pPiBHEM B
iHTaKTHUX JiMdoumTax Kposi (p > 0,05). Abepailii xpo-
MOCOMHOTO THUITy OyJIM IIpeACTaBJICHI ITapHUMU aleHT-
puyHUMHU dparMeHTaMu 3 vactoramu 1,10 mHa 100

The mean group frequency of chromosome aber-
rations in the first mitotic division of human
peripheral blood lymphocytes when cultured with
the addition of conditioned medium from human
non-small cell lung cancer A-549 cells exceeded
the control level (p < 0.05) and was 3.40 per 100
cells, with individual variations ranging from 2.00
to 5.00 per 100 cells. Chromatid-type aberrations
constituted 65% of the total number of chromo-
some damages. They were represented by single
fragments with a mean group frequency of 2.20 per
100 cells, which exceeded the control (p < 0.05).
Individual indicators of chromatid-type aberration
frequency ranged from 1.00 to 3.00 per 100 cells
(Fig. 1). In eight experimental cases, an increase in
this indicator was observed compared to the control
level, indicating the induction of a tumor-induced
bystander effect. In cases 7 and 8, the level of chro-
matid-type aberrations did not change, and no
tumor-induced bystander effect was registered. The
increase in chromosomal instability during the
induction of the tumor-induced bystander effect did
not depend on the background level of chromosome
aberrations. The frequency of chromosomal aberra-
tions was 1.20 per 100 cells, which showed no statis-
tically significant difference from the control level in
intact blood lymphocytes (p > 0.05).Chromosomal-
type aberrations were represented by paired acen-
tric fragments with frequencies of 1.10 per 100 cells

289 ‘&



EKCINMEPUMEHTAJIbHI

AOCNIAXKEHHA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguunxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Bun. 30.

I KoHTponb/Control I IEC/TIBE ‘

Yacrora aGepauiit Ha 100 kniTuH
Frequency of aberrations per 100 cells

Homep kynbTypu nimdoumTis nepudepuyHoi Kposi
Number of peripheral blood lymphocyte culture

Mepwuin mitotnaHun nogin / First mitotic division

3,5 I KoHTponb/Control N IEC/TIBE ‘

YacTora aGepauiit Ha 100 kniTuH
Frequency of aberrations per 100 cells

Homep kynbTypu nimdoumTis nepudepuyHoi Kposi
Number of peripheral blood lymphocyte culture

Apyrui mitotu4yHuin nogin / Second mitotic division

I KoTpons/Control NN NIEC/TIBE |

Yacrora aGepauiit Ha 100 kniTuH
Frequency of aberrations per 100 cells

1 2 3 4 5 6 7 8 9 10
Homep kynbTypu nimdoumTis nepudepuyHoi Kposi
Number of peripheral blood lymphocyte culture

Tperiit mitoTuuHui nogin / Third mitotic division

I KoHTponb/Control I NIEC/TIBE ‘

Yacrora aGepauiit Ha 100 kniTuH
Frequency of aberrations per 100 cells

NIEC — nyxnMHHO iHAyKOBaHWiA

Homep kynbTypm nimdoumTis nepudepuyHoi Kposi edexT caixa
Number of peripheral blood lymphocyte culture TIBE — tumor-induced bystander
YetBepTtun mitotuuHuii nogin / Fourth mitotic division effect

PucyHoK 1. InauBipyanbHi yactoTn abepauyinn xpomatuaHoro Tuny B nimcouutax nepudepuyHoi Kposi nioagu-
HU NpU AOCNIAXKEHHT nepcucTeHUii NyxAUHHO-IHAYKOBaHOro epeKTy cBiAKa

Figure 1. Individual frequencies of chromatid-type aberrations in human peripheral blood lymphocytes in a
study of the persistence of tumor-induced bystander effect
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KJIITUH Ta aHOMaJbHUMU MOHOLICHTPUKAMU Ha PiBHi
0,10 na 100 kJiTHMH, 110 HE MaJIM iCTOTHOI Pi3HULI 3
MOKa3HUKaMU Irpynu nopiBHAHHS (p > 0,05). AcumeT-
PUYHUX XPOMOCOMHMX OOMiHIB (IMLIEHTPUUHUX i KiJTb-
LIEBMX XPOMOCOM) HE BUSIBJIEHO.

YV npyromy MITOTUYHOMY TTOALAI JiM(POLIUTIB KPOBIi
3J0POBUX OCi0 3a KO-KYJbTMBYBaHHSI 3 JOJaBaHHSIM
KOHAWIIIMHOTO cepeloBHUIla KyJBTYpU KIITUH HeApio-
HOKJIITUHHOIO paKy JiereHb JoauHu A-549 cepeaHb-
OrpymnoBa 4acToTa abepaHTHUX KJITHH cKiagana 3,60 %
3 IHIMBIgyaIbHUMY KOMBaHHAMH Biz 3,00 % 10 4,00 %.
[TomkomxeHi KJIiTHHU Maiu 110 1 abepallii XpoMocoM,
BHACJIiIOK YOT0 CEPEeHs YacToTa abepalliii XpoMocoM
Takox ctaHoBuiaa 3,60 Ha 100 KIiTHH 1 mepeBUIyBaIa
Taky y rpyni rnmopiBasaHHA (p < 0,05). Abepallii xpoma-
TUAHOTO TUMY (OAUHOYHI (pparMeHTH ), 3apeECTPOBaHi
3 cepeaHborpymnoBoio yactorow 2,10 Ha 100 kiiTuH,
1110 nepeBulyBaja KoHTpoabHY (p < 0,05). IHnuBiny-
aJIbHi piBHI LIMX MOLIKOJKEeHb Y 00CTEeXKEHUX 0Ci0 3Ha-
xonwinrch B Mexkax Bif 2,00 mo 3,00 Ha 100 xrituH. ¥ ne-
B’SITU BUIAAKaX JOCJIiIy CIIOCTEpiraay 3poCcTaHHs yac-
TOTU abepaliii XpOMaTUAHOTO TUIY IMOPiIBHSIHO 3
KOHTPOJIEM, WO CBIIYUTH MPO iHAYKLiIO IMyXJIMHHO-
iHgyKkoBaHoro edekty cBigka (p < 0,05). Y Bunauky 6
piBeHb abepalliii XpOMaTUIHOIO TUITy HE 3MiHUBCS -
NyXJIMHHO-1HAYKOBaHOTO e(deKTy CBinka He Oyyo 3a-
peecTpoBaHO. 30iMbIIEHHS XPOMOCOMHOI HeCcTa0iTb-
HOCTI He 3aJiexKasio Bil (poHOBOro piBHS abepalliit Xpo-
MocoM. Yactora abepalliii XxpOMOCOMHOTO THIY CTa-
HoBuia 1,50 Ha 100 kuiTMH i He Maja 3HaYyLIOL
pi3HUIII 3 KOHTPOJILHUM PiBHEM B iHTAKTHMX JIiMPO-
uTax Kposi (p > 0,05). Bonu 6ynu npeacTaBiieHi map-
HUMU (pparMeHTaMu 3 yactoToro 1,40 Ha 100 KJTiThH Ta
aHOMaJIbHMMU MOHOLIeHTprKaMHM Ha piBHi 0,10 Ha 100
xmituH. [TapHi (pparMeHTH BUSBIIEHI ¥ BCiX 00CTeXe-
HUX ocib 3 Mexxamu KoyimBaHb 1,00—2,00 Ha 100 xui-
TUH, TOJi SIK aHOMaJbHUI MOHOILICHTPHUK 3apEeECTPO-
BaHO JIMIle y BUINaaky 6 3 yacrorowo 1,00 Ha 100 xiii-
TUH. ACHMETPUYHNX XPOMOCOMHUX OOMiHIB (TUIIEHT-
PUYHUX i KiJIbLIEBUX XPOMOCOM) HE BUSIBJIEHO.

VY TpeTboMy MIiTOTUYHOMY MO JiM(OLIUTIB KPOBi
JIIONVHM 3a KO-KYJBTUBYBaHHSI 3 IOJAaBaHHSIM KOH-
JULIIKHOTO cepeaoBUIla KYJbTYpU KIIITUH HeApiOHO-
KJITUHHOTO paKy JiereHb JIoAuHU A-549 cepenHbor-
pyIoBa yacTota abepaHTHUX KJIITUH cKiaaaia 3,10 %,
cepeIHLOTPYITOBa YacToTa abepalliii xpomocoM — 3,60
Ha 100 KJTiTVH, iIHANBiAyaTbHI KOJMBaHHS TTOKA3HUKIB
3Haxoauauch y mexax Bin 3,00 o 4,00 Ha 100 kiiTuH.
Lli pe3ynbratu repeBUIYyBaIv BiATOBiIHI MOKa3HUKN
y rpyni nopiBHsaHHS (p < 0,05). AGepallii XxpoMaTUIHO-
TO TUILY, 3aPEECTPOBaHI 3 CEPEeIHLOTPYIOBOIO YaCTO-

and abnormal monocentrics at a level of 0.10 per 100
cells, which did not differ significantly from the com-
parison group’s indicators (p > 0.05). Asymmetric
chromosomal exchanges (dicentric and ring chromo-
somes) were not detected.

In the second mitotic division of blood lympho-
cytes from healthy individuals, when co-cultured
with the addition of conditioned medium from
human non-small cell lung cancer A-549 cells, the
mean group frequency of aberrant cells was 3.60 %
with individual variations from 3.00 % to 4.00 %.
Damaged cells had 1 chromosome aberration each,
as a result of which the mean frequency of chromo-
some aberrations also constituted 3.60 per 100 cells
which was higher than that in the comparison group.
Chromatid-type aberrations (single fragments) were
registered with the mean group frequency of 2.10 per
100 cells, which exceeded the control (p < 0.05).
Individual levels of these damages in the examined
individuals ranged from 2.00 to 3.00 per 100 cells. In
nine experimental cases, an increase in the frequen-
cy of chromatid-type aberrations was observed com-
pared to the control, indicating the induction of a
tumor-induced bystander effect (p < 0,05). In case
6, the level of chromatid-type aberrations did not
change, and no tumor-induced bystander effect was
registered. The increase in chromosomal instability
did not depend on the background level of chromo-
some aberrations. The frequency of chromosomal-
type aberrations was 1.50 per 100 cells and showed no
significant difference from the control level in intact
blood Iymphocytes (p > 0.05). They were represent-
ed by paired fragments with a frequency of 1.40 per
100 cells and abnormal monocentrics at a level of
0.10 per 100 cells. Paired fragments were found in all
examined individuals with a range of 1.00—2.00 per
100 cells, while an abnormal monocentric was
recorded only in case 6 with a frequency of 1.00 per
100 cells. Asymmetric chromosomal exchanges
(dicentric and ring chromosomes) were not detected.

In the third mitotic division of human blood lym-
phocytes when co-cultured with the addition of condi-
tioned medium from human non-small cell lung can-
cer A-549 cells, the mean group frequency of aberrant
cells was 3.10%, and the the mean group frequency of
chromosome aberrations was 3.60 per 100 cells; indi-
vidual variations of indicators ranged from 3.00 to 4.00
per 100 cells. These results exceeded the corresponding
indicators in the comparison group (p < 0.05).
Chromatid-type aberrations were registered with the
mean group frequency of 2.00 per 100 cells, which
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toro 2,00 Ha 100 KJ1iTHH, 1110 MepeBUIIyBajia KOHTPOJIb-
Hy (p < 0,05). OnuHOYHI bparMeHTU BUSIBJIECHi Y BCiX
00cTexXeHMX 0cid Ha piBHi, 1110 3HAXOAMBCS B MeXax Bi
1,00 o 3,00 Ha 100 kmiTuH. AHami3 4acToTU LIUX ade-
paiiii y okpeMux ocib mokasas, 1110 y IeB’SITU BUMIagKax
crocrepiraiu il 3pocTaHHS, Y OMHOMY - BOHA TIOPiBHIO-
Bajla KOHTPOJIbHil. YacToTa abepalliii XpOMOCOMHOIO
TUITY Y TPETbOMY MITOTMYHOMY MOMiAi JIiM(pOIUTIB
KpOBi 310pOBUX 0Ci0 3a KyJBTUBYBAHHS 3 JOaBaHHIM
KOHAUUIAHOTO cepeloBMIlNA Bil KYyJbTypU KJIiTUH
HepiOHOKJIITUHHOIO paky JiereHb JoanHu A-549 cra-
HoBwia 1,10 Ha 100 KJ1iTUH, 1110 HE MaJI0 CTATUCTUYHO
3HAYYIO] Pi3HMIII 3 KOHTPOJBbHUM PiBHEM B iHTAKTHUX
JimdouuTtax Kposi sonuHu (p > 0,05). Abepalii xpo-
MOCOMHOIO TUITY OYJIM MpeAcTaB/ieHi mapHuMu dpar-
MeHTaMu. CUMeTpUYHUX (aHOMAaJIbHUX MOHOIIEHT-
PUKiB) Ta aCUMETPUYHUX (AULICHTPUYHUX i KiTbLIEBUX
XPOMOCOM) XpPOMOCOMHMX OOMiHiB HE BUSIBJICHO.

Y yeTBepTOMY MITOTUYHOMY TTOiTi JTiM(POITUTIB KPOBi
3I0POBUX OCi0 3a Ky/IbTUBYBaHHS 3 KOHAULIIHHNM cepe-
JIOBUILIEM KYJIBTYPU KJITUH HEAPIOHOKIITMHHOTO PaKy
JiereHb JIIoguHU A-549 cepeaHborpyrioBa yactoTa abde-
paHTHUX KIITUH cKiazgaia 2,80 %. CepeaHbOrpynoBuit
piBeHb abepaliiii xpomocoM ctaHoBuB 2,80 Ha 100 kii-
THUH i IepeBUIYBaB BiANOBiAHUI KOHTPoJb (p < 0,05).
Y okpemux BapiaHTaxX JOCIiAY MOKAa3HUK 3HAXOIMBCS Y
mexax Big 2,00 o 4,00 ma 100 xmitnH. IlepeBaxkHy
OibIicTh (86 %) TMOIIKOMKEHb XPOMOCOM CKJIanaiu
abepallil XxpOMaTUIHOTO TUITY — OJWHOYHI (hparMeHTH.
Ix cepennborpynosa yactora craHoswia 2,40 Ha 100
KJITUH i mepeBuiyBajia KoHTpoabHY (p < 0,05). AbGe-
pallii XpOMaTUIHOIO TUITY BUSIBJIEHI Y BCiX 0OCTEKEHUX
oci6 Ha piBHi 2,00—3,00 Ha 100 k1iTUH. ¥ BOCbMU BU-
nagKax JOCIIAY CIIOCTepiraay 3pOCTaHHS YaCTOTH LIMX
abepalliil TOPiBHSIHO 3 KOHTPOJIEM, 110 CBiTYUTh PO iH-
JIYKIIiI0 MyXJIMHHO-1HAYKOBAHOTO e()eKTy CBiaKa. Y BuU-
nanky 4 crocTepirajiv MigABUILEHHS 1X YaCTOTH 10 4 Ha
100 xniTuH (HaKOINBLIMI MOKA3HUK y TPyHi) MNpu
BiJICYTHOCTI MOLIKO/XXEHb XPOMATUIHOTO TUITY Y KOHT-
poxi. ¥ Bumankax 5 i 8 piBeHb abepalliii XxpoOMaTUAHOTO
TUITY He 3MIiHMBCS TTIOPIBHSIHO 3 KOHTPOJIEM — ITyXJIMH-
HO-iHAYKOBaHOTo e()eKTy CBiIKa He OyJIO 3apeecTpoBa-
Ho. Yacrora abepalliii XpOMOCOMHOI0O TUMY CTAaHOBWJIA
0,40 na 100 xJiTUH, 110 HE Majo 3HAUYYIIOI Pi3HMII 3
KOHTPOJBHUM PiBHEM B iHTAKTHMX JIiM(OIIUTaX KPOBi
(p > 0,05). Abepaliii XxpOMOCOMHOIrO TUITy OyJIv Tpec-
TaBJIeHi TuIIe napHuMu pparmentamu. Lli adbepartii Bu-
SIBJICHI Y I’SITU 3 AECSATU BapiaHTiB JOCJiIy 3 4acTOTOIO
1,00 Ha 100 kiTuH. CuMeTpuYHMX (AHOMaJIBHUX MOHO-
LIEHTPUKIiB) Ta aCUMETPUYHUX (AULICHTPUYHMX i KiJIbLIE-
BUX XPOMOCOM) XPOMOCOMHMX OOMiHiB HE BUSIBIICHO.

exceeded the control (p < 0.05). Single fragments were
found in all examined individuals at a level ranging
from 1.00 to 3.00 per 100 cells. Analysis of the frequen-
cy of these aberrations in individual subjects showed
that in nine cases its increase was observed, in one it
was equal to the control value. The frequency of chro-
mosomal-type aberrations in the third mitotic division
of blood lymphocytes from healthy individuals when
cultured with the addition of conditioned medium
from human non-small cell lung cancer A-549 cells
was 1.10 per 100 cells, which showed no statistically
significant difference from the control level in intact
human blood lymphocytes (p > 0.05). Chromosomal-
type aberrations were represented by paired fragments.
Symmetric (abnormal monocentrics) and asymmetric
(dicentric and ring chromosomes) chromosomal
exchanges were not detected.

In the fourth mitotic division of blood lympho-
cytes from healthy individuals when cultured with
conditioned medium from human non-small cell
lung cancer A-549 cells, the mean group frequency
of aberrant cells was 2.80%. The mean group level of
chromosome aberrations was 2.80 per 100 cells and
exceeded the corresponding control (p < 0.05). In
individual experimental variants, the indicator
ranged from 2.00 to 4.00% per 100 cells. The vast
majority (86%) of chromosome damages were chro-
matid-type aberrations — single fragments. Their
mean group frequency was 2.40 per 100 cells and
exceeded the control (p < 0.05). Chromatid-type
aberrations were found in all examined individuals at
a level of 2.00—3.00 per 100 cells. In eight experi-
mental cases, an increase in the frequency of these
aberrations was observed compared to the control,
indicating the induction of a tumor-induced
bystander effect. In case 4, their frequency increased
to 4.00 per 100 cells (the highest indicator in the
group) in the absence of chromatid-type damages in
the control. In cases 5 and 8, the level of chromatid-
type aberrations did not change compared to the
control, and no tumor-induced bystander effect was
registered. The frequency of chromosomal-type
aberrations was 0.40 per 100 cells, which showed no
significant difference from the control level in intact
blood Iymphocytes (p > 0.05). Chromosomal-type
aberrations were represented only by paired frag-
ments. These aberrations were found in five out of
ten experimental variants with a frequency of 1.00
per 100 cells. Symmetric (abnormal monocentrics)
and asymmetric (dicentric and ring chromosomes)
chromosomal exchanges were not detected.
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OBI'OBOPEHHA
BuBueHHsI mepcuCTeHIlii TeHOMHOI HeCTaOiIbHOCTI Y
HOPMaJTLHUX JTiM(OIINTaX KPOBi JIIOAWHU BHACIIIOK
T€HOTOKCUYHOI'O BIUIMBY KOHAMIIITHOTO CepenoBuIlia
MaJlirHi3oBaHUX KJIITUH JiHii A-549 noTtpeOyBaio BU3-
HayeHHs1 (POHOBUX (KOHTPOJIbHMX) DPiBHIB abepalliil
XPOMOCOM BIIPOJIOBXK BCHOI'O MEPIOIy CIIOCTEPEKEHHSI
JUIS1 BUKJTIOUEHHST MOXJIMBUX BUITQJKIB 3 3aTPUMaHOIO0
XPOMOCOMHOIO HECTa0UTBHICTIO (KOJIU 3MiHU B XpPOMO-
CcoMax BHACJigOK Aii MyTareHHUX YMHHUKIB MPOSIBIISI-
IOTbCSI He MiC/sl BIUIMBY, a B HACTYMHUX TeHepalisx
kiituH [21]). LluToreHeTnyHe OOCHiIKEHHS TOKa3a-
JIo, 110 YacToTa adepalliii xpoMocoM Yy JiM(poIuTax
KpOBi 310pOBMX OCi0 BiamoBigajla CIIOHTAHHOMY pPiB-
HIO abepalliii XpoMOCOM y 0ci0 cepeIHbOro BiKy [22].
He 3apeecTpoBaHo BUMNAaAKiB MepeBUILICHHST BEPXHBOI
MOMYJISALIMHOI MeXi CIOHTaHHOI 4acTOTH abeparliii
XpoMocoM, 110 ckianae 3 %. Ocib 3 3aTpUMaHOI0 XpO-
MOCOMHOIO HeCTaOiIbHICTIO He BUsABIcHO. OTpUMaHi
pe3yabTaTu 3acBiuWIM CTaOiIbHICTh TeHOMY JTiM}O-
LIUTiB KPOBi 00cTexXeHuX oci0. Lle m03BoJII0 BUKOPHC-
TaTH IXHIO KPOB MPY BUBYEHHI MEPCUCTEHLIil FeHOMHOL
HecTabUILHOCTI BHACHIIOK 1HAYKIIT MyXJIMHHO-1HAYKO-
BaHOro e(eKTy CBinKa B JiM(bOLMTaX KPOBi JIOAMHU 3a
YMOB BIUIMBY KOHIMUIMHOTO cepedoBUIlA KJIITUH He-
JIPiOHOKJTITUHHOTO PaKy JIEreHb JIIOAUHMU JiHii A-549.
¥V Bcix BapiaHTax Jociigy 3a JOBIOTPUBAJIOTO KYJb-
TUBYBaHHS JiM(OLIUTIB KPOBi 3M0POBUX OCi0O 3 KOH-
JULIAHAM cepelOoBUILEM KIITUH HeIpiOHOKIITUHHO-
ro paky JiereHb JIIoAUHU JIiHil A-549 cepenHi yacToTu
abepalliii XxpoMOCOM IepeBUILYBaJIM BiAMOBiAHI KOHT-
pOJIbHI 3HAYeHHS B iHTaKTHUX JiMdoruuTtax (p < 0,05)
Ta 3Hauyylle He PO3Pi3HSUIMCh MiX MIiTOTUUYHUMU
noainamu (p > 0,05). Ile cBiTYUTb MPO PO3BUTOK ITyX-
JIMHHO-IHAYKOBAHOTO e(PeKTy CBiJKa Ta OTO MepCHC-
TEHIIil0 BIOPOJOBXK Mepiofay criocTepexkeHHs. OTpu-
MaHi pe3yJIbTaTu MiATBEepKYIOTh JaHi HAIUUX JOCTid-
JKEeHb 11010 PO3BUTKY ITyXJIMHHO-iHAYKOBAHOTO e(peK-
Ty CBifKa B JliM(ornTax KpoBi JTIOIANHY 3a 48-TonnH-
HOTO KYJIBTMBYBaHHSI, OTpMMaHi MpPU BUBYEHHi BTO-
PUHHOTO pafialliifHO-iHaIyKOBaHOTO e(heKTy CBifKa i3
3aCTOCYBAHHSM L€l K MoaeabHO1 cuctemu [23]. ITpo-
T€ TIEPCUCTEHIIiI0 e(PEeKTy CBiIKa B IINX AOCITiIKECHHIX
He BUBYAJIM.

Abepallii xpoMaTUIHOTO TUTY (OMMHOYHI (pparMeH-
TU BHACJiIOK XpPOMaTUIHUX PO3PHUBIB) CKIamaau
OUIBIIICTh MOILIKOIXEHb XPOMOCOM IIPU PO3BUTKY
MyXJIUHHO-IHAYKOBAHOTO e(MeKTy CcBigKa 3a BCiX
TEPMiHiB KyJBTUBYBaHHS JIiIM(POILUTIB KPOBi JTIOIUHU.
Ili abepalii € MapkepaMyd XpOMOCOMHOI HeCTaOilb-
HOCTi, IHAYKLiSI SIKUX MpUTaMaHHa [Jisi PO3BUTKY

DISCUSSION

Studying the persistence of genomic instability in
normal human blood Ilymphocytes due to the geno-
toxic effect of conditioned medium from malignant
A-549 cells required determining background (con-
trol) levels of chromosome aberrations throughout
the entire observation period. This was done to rule
out possible cases of delayed chromosomal instabili-
ty, where changes in chromosomes due to mutagenic
factors manifest not immediately after exposure, but
in subsequent cell generations [21]. Cytogenetic
studies showed that the frequency of chromosome
aberrations in blood lymphocytes of healthy individ-
uals corresponded to the spontaneous level of chro-
mosome aberrations in middle-aged individuals [22].
No cases of exceeding the upper population limit of
spontaneous chromosome aberration frequency,
which is 3%, were registered. No individuals with
delayed chromosomal instability were identified.
The obtained results confirmed the genomic stability
of lymphocytes in the examined individuals. This
allowed their blood to be used to study the persistence
of genomic instability due to the induction of the
tumor-induced bystander effect in human blood lym-
phocytes under the influence of conditioned medium
from human non-small cell lung cancer A-549 cells.

In all experimental variants of long-term cultiva-
tion of blood lymphocytes from healthy individuals
with conditioned medium from human non-small
cell lung cancer A-549 cells, the mean frequencies of
chromosome aberrations exceeded the correspon-
ding control values in intact lymphocytes (p < 0.05)
and did not differ significantly between mitotic divi-
sions (p > 0.05). This indicates the development of
the tumor-induced bystander effect and its persist-
ence throughout the observation period. The
obtained results confirm the data from our previous
studies regarding the development of the tumor-
induced bystander effect in human blood Iympho-
cytes during 48-hour cultivation, obtained when
studying the secondary radiation-induced bystander
effect using the same model system [23]. However,
the persistence of the bystander effect was not stud-
ied in those investigations.

Chromatid-type aberrations (single fragments due
to chromatid breaks) constituted the majority of
chromosome damages during the development of
the tumor-induced bystander effect at all cultivation
times of human blood lymphocytes. These aberra-
tions are markers of chromosomal instability, and
their induction is characteristic of the bystander
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edexry cBinka [3]. Ix yactka 36iabIMIack Big 65 % y
MNepIIoMy MITOTUYHOMY MO/iJi 32 KyJbTUBYBAHHS IIPO-
TIroM 48 rouH 10 86 % B 4eTBEPTOMY MiTO3i, KOJIM TPU-
BaJicTh KyJAbTMBYBaHHS crtaHoBwya 120 roguH. PiBHi
abepalliif XxpoMaTUIHOTO TUITY B yCiX BapiaHTaxX JAOCTiTy
nepeBulllyBaid KOHTPOJIbHI mokazHuku (p < 0,01), 1o
BKa3ye Ha MEPCUCTEHIIiI0 T€HOMHOI HeCTaOilIbHOCTI
BIPONIOBX BChOTO TEPiOly CIIOCTEPEKEHHS.

AHaui3 iHIUBiAyaTbHUX YAaCTOT abepalliii XpoMaTuI-
HOI'O TUITY BIIPOAOBX YOTHUPHOX MITOTUYHMX IOJILTIB
M0Ka3aB, 1110 YacToTa abepalliif XxpoOMOCOM y JiM(pOIIN-
TaxX KpOBi 3a KyJBTUBYBAaHHS 3 KOHIULIIHHUM Cepeno-
BUILEM HE KopeJoBaja 3 (POHOBUMU YaCTOTaMU IMOLII-
KOJK€Hb XpPOMOCOM. 3apeECTPOBAHO MixXKiHANBIAyalb-
Hy BapiabeJIbHICTh Yy 3JaTHOCTI A0 iHAYKIIii IMyXJIMHHO-
iHAyKOBaHOTO edeKTy cBigka. Y Bunaaky 4 piBeHb
abepalliil XxpOMaTUIHOIO TUITY 30LIbIIYBaBCS 3 IPYTO-
ro Mo YeTBEPTUIA MITOTUUHUI TTOALN TiM(POLIUTIB KPOBi
(2,00, 3,00 Ta 4, 00 va 100 KJIiTMH BiZITOBITHO) TIpU
BiJICYTHOCTI 11X MOIIKOIKEHb XpPOMOCOM Y KOHTPOJIb-
HUX KYJBTypax IIepIIOro, APYroro Ta 4eTBEPTOTO
MiTO3iB, 110 BKa3ye€ Ha 3pOCTaHHS T€HOMHOI Hec-
TabinmpHOCTI. ¥ Bunaaky 10 3apeecTpoBaHO iHAYKIIiIO
MyXJIMHHO-1HAYKOBAHOTO e(eKTy CBiKa 3 4acTOTOIO
OIMHOYHUX (pparMeHTiB Ha piBHi 2,00 Ha 100 kTiTUH
OPOTITrOM IEePILIOro-TPEThOTO MITOTUYHMX TIOMdiNIB
JiM@OLINTIB KPOBi, TOMi IK Yy YeTBEPTOMY MiTO3i Jac-
TOTa abepalliii XxpoMaTUIHOTO TUITY 3pocia a0 3,00 Ha
100 ximiTuH. ¥ pemiti 06CTeXEeHUX 0Cid CriocTepiranu
crabijizauilo MiABUIIEHOro piBHSI abepaliil xpoma-
TUAHOTO TUTY NpoTsaroM 120 roguH (YOTUPHLOX MITO-
3iB) CIIOCTepeXXEHHS.

CepeaHbOrpyIoBi YaCTOTU abepalliii XpOMOCOMHOTIO
TUITY y JiMdoLUTax KpOBi 310POBUX OCi0 32 KyJIbTUBY-
BaHHSI OPOTITOM YOTUPHOX MITOTUUHMX TOILIIB 3 AO-
JaBaHHSIM KOHIMULIAHOrO cepeaoBHIla KIITUH He-
JNPiOHOKJIITUHHOTO paKy JIETeHb JTIOAUHU A-549 He Ma-
JIM CTAaTUCTUYHO 3HAYYLIOI Pi3HMLI 3 BiAHOBIIHUMU
KOHTPOJBHUMHU DiBHSAMH. Y IPYrOMY MiTOTMYHOMY
MOJIiJTi CITOCTepirajv TeHAEHIIiI0 10 MiABUILIECHHS 1IbO-
ro ITOKa3HWKa ITOPIBHIHO 3 MEPIIMM MITO30M, IO
MOTJIO CTaTM HACJIAKOM BiTHECEHHS IPU LIUTOTCHE-
TUYHOMY aHali3i MOABIMHUX XPOMATUAHUX PO3PUBIB
(TTOILIKOMXEHb XPOMaTUIHOTO TUITY) 10 alleHTPUIHUX
napHUX PparMeHTiB (abepalliii XpOMaTUIHOTO THUITY),
110 BaXXKO PO3Pi3HUTU MpPU PiBHOMiIpHOMY 3abapB-
JIEHHI XpOMOCOM. Y TpeTbOMY MITOTMYHOMY MOMiIi
JiM@OLIUTIB KPOBi CIIOCTEpirajiM TEHACHIIiI0 10 3HU-
JKeHHSI 4acTOTU abepalliii XpOMOCOMHOTO THUITY, a B
YETBEPTOMY IiX piBeHb CTaB HIDKYMM 3a ITOKAa3HUK, 3a-
peectpoBaHmuii y mepmomy wMmito3i (p < 0,05) i
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effect’s development [3]. Their proportion increased
from 65% in the first mitotic division during 48-hour
cultivation to 86% in the fourth mitosis, when the
cultivation duration was 120 hours. The levels of
chromatid-type aberrations in all experimental vari-
ants exceeded control indicators (p < 0.01), indicat-
ing the persistence of genomic instability throughout
the entire observation period.

Analysis of individual frequencies of chromatid-
type aberrations during four mitotic divisions
showed that the frequency of chromosome aberra-
tions in blood lymphocytes cultivated with condi-
tioned medium did not correlate with background
frequencies of chromosome damage. Interindividual
variability in the ability to induce tumor-induced
bystander effect was registered. In case 4, the level of
chromatid-type aberrations increased from the sec-
ond to the fourth mitotic division of blood lympho-
cytes (2.00, 3.00, and 4.00 per 100 cells, respective-
ly) in the absence of these chromosome damages in
control cultures of the first, second, and fourth
mitoses, indicating an increase in genomic instabili-
ty. In case 10, the induction of the tumor-induced
bystander effect was registered with a frequency of
single fragments at a level of 2.00 per 100 cells dur-
ing the first to third mitotic divisions of blood lym-
phocytes, while in the fourth mitosis, the frequency
of chromatid-type aberrations increased to 3.00 per
100 cells. In the remaining examined individuals, a
stabilization of the elevated level of chromatid-type
aberrations was observed throughout the 120-hour
(four mitoses) observation period.

The mean group frequencies of chromosomal-type
aberrations in blood lymphocytes of healthy individ-
uals during four mitotic divisions of cultivation with
the addition of conditioned medium from human
non-small cell lung cancer A-549 cells did not show
a statistically significant difference from the control
levels. In the second mitotic division, a tendency to
increase this indicator compared to the first mitosis
was observed. It could be a consequence of classify-
ing double chromatid breaks (chromatid-type dam-
ages) as acentric paired fragments (chromatid-type
aberrations) during cytogenetic analysis, which are
difficult to distinguish with uniform chromosome
staining. In the third mitotic division of blood lym-
phocytes, a tendency to decrease the frequency of
chromosomal-type aberrations was observed, and in
the fourth, their level became lower than the indica-
tor registered in the first mitosis (p < 0.05) and cor-
responded to the control (p > 0.05). This result is




ISSN 2304-8336. pobnemu pagiauiiivoi Meguunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Iss. 30.

EXPERIMENTAL

RESEARCH

BinmoBigaB KOHTpobHOMY (p > 0,05). Pe3ynsrat 3ymMoB-
JICHU eTliMiHAII€I0 alleHTPUYHUX MOIIKOIKEHb XPOMO-
COMHOTIO TUITY IpPU TMOJiMi KJIITUH BHACIIOK IXHIX MOP-
¢oyioriyHNX 0COOIMBOCTEH Ta MMOBIPHO MEHIIIOIO
SKUTTE3NATHICTIO KJTITUH 3 JEIELisIMU XpPOMOCOM BHACJTi-
JIOK HeCTayi TeHETUYHOTO MaTtepiaiy, TOJi K PO3BUTOK
MyXJIMHHO-IHAYKOBaHOTO e(eKTy CBiKa He BIIMBAB Ha
iHAYKIi10 abepallili IIbOro TUITY.

OTpuMaHi HaMU pe3yJbTaTy IIOA0 iHAYKIILiI i mepcuc-
TEHIIil TeHOMHOI HecTaOiIbHOCTI B JiMdouuTax nepu-
¢depryHOI KPOBi JIOOWHU TIPU PO3BUTKY ITyXJIUHHO-
iHIYKOBAHOIO €(MeKTy CBilKa HO3BOJISIIOTh IOSICHUTHU
MpUpOLy MiABUILEHOI YacTOTH abepalliii XpOMOCOM B
JimMdouuTax nepudepruuHOi KpoBi 0Cid 3 OHKOJIOTIYHOIO
MaTOJIOTIEID IEPCUCTEHLII0 MYXJIMHHO-iHIYKOBAaHOTO
edeKTy cBinka in vivo [3, 24]. B KoropTHUX I10CiIKeH-
HSIX, 1€ T0Ka3aHo, 10 YacToTa abepalliii XxpoMocoM Y
KPOBi JIIOMWUHUA MOXE OyTW MPOTHOCTUYHUM IMOKA3HU-
KOM pPHU3UKY PO3BUTKY paKy, HE MOXHAa BUKIIOUYUTH
iCHyBaHHS MTOYATKOBUX CTafdili OHKOJOTiUHOTO IPOLIECY,
110 iHAYKYIOTh MiABUILEHHS XPOMOCOMHOI HecTabijib-
HOCTI 1lle 10 KJTiHiYHOI MaHidecTalii xBopobu [24—26].

BUCHOBKU

VY nimdonmTax nepudepryHoi KpoBi 3M0pOBUX OCI0O 3a
KyJIETUBYBaHHSI BIIPOAOBK YOTUPHOX KIIITUHHUX ITOILTiB
3 KOHIULIMHUM cepelOBUILEM KIIITUH HeIPiOHOKIITUH-
HOTO paky JiereHb JIIOIMHMU JIiHii A-549 3apeecTpoBaHO
MiIBUILIEHUI piBeHb abepalliii XxpoOMOCOM, 110 BKa3ye Ha
MNEPCUCTEHIIiI0 B HUX TEHOMHOI HeCTaOiJIbHOCTI BHACIi-
JIIOK PO3BUTKY MyXJIMHHO-1HAYKOBAHOTO e(eKTy CBiIKa.
Yactotu abepalliii XpoMaTUIHOTO TUILY (OAMHOYHMX
(bparMeHTiB) MepeBUIIYBaJIM BiIMOBIAHI KOHTPOI i 3HA-
yyllle HE PO3PI3HSUIMCh MiXK OKPEMUMMU MITOTMYHUMMU
noxinaMu. Po3BUTOK TTyXTMHHO-iHIYKOBAHOTO e(MEKTy
CBillKa He BIUIMBAaB Ha iHAYKIIito abepalliii XpOMOCOMHO-
ro Tuny (alleHTPUYHUX (pparMeHTiB, aHOMaJbHUX MO-
HOLICHTPUKIB, NULIEHTPUYHUX XPOMOCOM), PiBHI SIKMX
HE MaJli iCTOTHOI Pi3HULIi 3 KOHTPOJIbHUMMU.

Mxepena ¢piHaHCyBaHHA

HocnimxeHHss BUKOHAHI 3a paxyHOK Jep>KaBHOIO O0j-
xKeTy — pinancyBanHg HAMH VYkpainu B mexxax H/IP
«JlocimkeHHsT MepCUCTEHIIi1 TeHOMHOI HeCTa0iTbHOCTI
MpU PO3BUTKY MyXJITUHHO-iHIYKOBAaHOTO €(EeKTy CBiaKa
B COMAaTUYHUX KJIITUHAX JIIOAUHW».

KoHniKT iHTepeciB
ABTOpU 3a8BJISIIOTH TIPO BiICYTHICTh KOH(MIIIKTY iHTEpe-
CiB.

due to the elimination of acentric chromosomal-
type damages during cell division due to their mor-
phological features and probably lower viability of
cells with chromosome deletions due to a lack of
genetic material, whereas the development of the
tumor-induced bystander effect did not affect the
induction of aberrations of this type.

Our results on the induction and persistence of
genomic instability in human peripheral blood lym-
phocytes during the development of tumor-induced
bystander effect allow us to explain the nature of the
increased frequency of chromosomal aberrations in
peripheral blood lymphocytes of individuals with
oncological pathology due to the persistence of
tumor-induced bystander effect in vivo [3, 24]. In
cohort studies where it has been shown that the fre-
quency of chromosome aberrations in human blood
can be a prognostic indicator of cancer risk, the
existence of initial stages of the oncological process
that induce an increase in chromosomal instability
even before the clinical manifestation of the disease
cannot be excluded [24—26].

CONCLUSIONS

In human peripheral blood lymphocytes, after cul-
tivating for four cell divisions with conditioned
medium from human non-small cell lung cancer
A-549 cells, an elevated level of chromosome aber-
rations was registered, indicating the persistence of
genomic instability in them due to the development
of the tumor-induced bystander effect. The fre-
quencies of chromatid-type aberrations (single frag-
ments) exceeded the controls and did not differ sig-
nificantly between individual mitotic divisions. The
development of the tumor-induced bystander effect
did not influence the induction of chromosomal-
type aberrations (acentric fragments, abnormal
monocentrics, dicentric chromosomes), whose lev-
els did not differ significantly from the controls.
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