EXPERIMENTAL

RESEARCH

ISSN 2304-8336. pobnemn paniauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2022. Bun. 27.

YK 616.155.392:547.979.8+57.086.83:612.112:616/001.28

O. B. lllemeryn, O. O. Tanan, O. b. Ilu6cbka, M. M. €EpemeeBa, M. A. Iligincbka

Uepacaena ycmanosa «Hayionanrvnuii naykosuii uenmp paodiayiiinoi meouyunu Hauionanvroi akademii
meduunux Hayk Ykpainu», éya. 10pisa Linenka, 53, m. Kuie, 04050, Ykpaina

IHUTOI'EHETUYHE JOCUIIIKEHHA ITPOABIB YHIBEPCAJIBHOI'O
ABUIIA EOEKTY CBIJIKA

MeTa: BCTaHOBUTU piBeHb XPOMOCOMHOT HecTabinbHOCTI B liMdbouunTax nepucdepuyHoi kposi (JINK) 3goposux ocib ta
KNiTUHAX XBOPUX HA B-KniTWHHY XxpoHiyHy nimdountapHy neitkemito (XJ1J1) 3a yMOB iX CYMiCHOrO Ky/IbTUBYBAHHSA Ta
BM3HAYMTM MOXAUBICTb IHAYKLIT B HUX NPOABIB yHiBEPCANbHOTO ABMLA eeKTy CBifKa.
Marepianu i metoau. [loCNiAXKEHHS BUKOHAHE 3 3aCTOCYBAHHAM LIUTOr€HETUYHOTO aHanizy piBHOMipHO 3abapBneHux
xpomocom JIMK niofnHK, Wwo po3pi3HANNCH 338 LUTOTEHETUYHUMU MapKepaMm CTaTi; HafsBHICTIO OHKONOMiYHOT TpaHC-
chopmaLlii Ta onpomiHeHHs in vitro *'Cs B go3i 0,50 p 3a ix CYMiCHOrO KynbTUBYBAHHS.
Pe3ynbratu. Yactota abepatiit xpomocom y JIMK 3m0poBux 0cib 3a KynbTMBYBaHHA 3 KpoB'to xBopux Ha XJUJ1 cknapa-
na 3,35 Ha 100 meTacthas, nepesuuiyBana KoHTponbHY (1,48 Ha 100 kniTuH, p< 0,01), 3HauyLLe He Biapi3HANack Big no-
Ka3HWKa y HeonpoMiHeHux T-nimdounTax Kposi xBopux Ha B-knitunHy XJ1J1 (3,18 Ha 100 knituH, p>0,05) i Gyna HUX-
4010, HIXX MPK KO-KYNbTUBYBAHHi 3 ONpoMiHeHOw KpoB'to xBopux Ha XJ1J1 (5,00 Ha 100 kniTuH, p< 0,01). B onpomiHe-
HUX in vitro nimdounTax Kposi xBopux Ha XJ1J1 cepeaHbOrpynoBuii piBeHb abepallil XpOMOCOM NPU OKPEMOMY KyJib-
TMBYBaHHi cTaHoBMB 12,36 Ha 100 meTaa3 i nepeBuLLyBaB NOKA3HUK 3a KO-KYNbTUBYBAHHSA 3 NiMboLuMTaMmM 340pOBUX
0ci6 (8,35 Ha 100 kniTuH, p < 0,05).
BucHoBku. Y JIMNK 350poBux ocib 3a KynbTuBYyBaHHA 3 KpoB'to xBopwux Ha XJUJ1 Ta 'y T-niMbouuTax xBopux Ha B-knituH-
Hy XJ1JT po3BMBAETLCA NYXNMHHO-THAYKOBAHWIA eeKT CBigKa, LMTOreHETUYHMM NPOSABOM IKOTO € 3pOCTaHHS YacToTH
OAMHOYHUX XPOMATULHMUX PparMeHTiB. B3aemMoais onpoMiHeHUX KNiTUH KpoBi XBOPUX Ha B-kniTunHy XJ1J1 3 iHTaKTHU-
MU niMdouMTaMK 30POBUX OCIO CNPUYUHSAE B OCTaHHiX 36iNblEHHS XPOMOCOMHOT HECTAbiNIbHOCTI BHACNA0K PO3BUT-
Ky pajiauiitHo-iHAyKoBaHOro eeKTy CBigKa Ta NPU3BOANTb [0 3HUXKEHHS PiBHA XPOMOCOMHOT HecTabinbHOCTI B on-
pomiHeHux nimcboumntax xBopux Ha XJIJT (edekty nopatyHky). MigBuieHmnit piBeHb abepauiit XpoMaTugHoro Tuny B
T-nimdounTax xeopux Ha XJIJ1 npu onpoMiHeHHi in vitro € pe3ynbTaToM po3BUTKY B HUX pafialliHO-iHAYKOBAHOTO
eheKTy CBifKa Ha TNi OHKONOFiIYHO-1HAYKOBAHOTO edhekTy CBifKa.
KnioyoBi cnoBa: 3miwaHa KynbTypa niMdoyuunTiB KpOBi NOAMHM, iOHiI3yl04a pajdiauis, XpOMOCOMHA HeCTabinbHiCTb
eeKT cBifKa.
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CYTOGENETIC STUDY OF MANIFESTATIONS OF THE UNIVERSAL
PHENOMENON OF THE BYSTANDER RESPONSE

Objective: to establish the level of chromosomal instability in peripheral blood lymphocytes (PBL) from healthy
individuals and cells from patients with B-cell chronic lymphocytic leukemia (CLL) under co-cultivation conditions
and to determine the possibility of inducing manifestations of the universal phenomenon of bystander response in
them.
Materials and methods. Cytogenetic analysis of uniformly stained chromosomes from human PBL, which differed by
cytogenetic markers of sex; the presence of oncological transformation and in vitro irradiation of *¥Cs in a dose of
0.50 Gy under the conditions of their joint cultivation was performed.
Results. The frequency of chromosome aberrations in PBL from healthy individuals when co-cultured with the blood
from CLL patients was 3.35 per 100 cells, exceeded the control (1.48 per 100 cells, p < 0.01), did not significantly
differ from the rate in non-irradiated blood T-lymphocytes from patients with B-cell CLL (3.18 per 100 cells, p> 0.05)
and was lower than when co-cultivated with irradiated blood from CLL patients (5.00 per 100 cells, p < 0.01). In
irradiated in vitro blood lymphocytes from CLL patients, the mean group level of chromosome aberrations under sep-
arate cultivation was 12.36 per 100 cells and exceeded the indicator during their co-cultivation with lymphocytes
from healthy individuals (8.35 per 100 cells, p< 0.05).
Conclusions. A tumor-induced bystander effect (TIBE) develops in PBL from healthy individuals when co-cultured
with the blood from CLL patients and in T lymphocytes of B-cell CLL patients, the cytogenetic manifestation of which
is an increase in the frequency of single chromatid fragments. The interaction of irradiated blood cells from CLL
patients with lymphocytes from healthy individuals causes an increase in chromosomal instability in the latter due
to the development of a radiation-induced bystander effect (RIBE) and leads to a decrease in the level of chromo-
somal instability in irradiated lymphocytes from CLL patients (rescue effect). An increase in the level of chromatid-
type aberrations in T-lymphocytes of CLL patients during in vitro irradiation is a consequence of the development
of RIBE against the background of TIBE.
Key words: mixed culture of human blood lymphocytes, ionizing radiation, chromosomal instability, bystander
response.
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BCTVYII

VHiBepcanbHMiT (peHOMEH e(PeKTy CBiKa € CUCTEeMHOIO
BiTIOBiIII0 OpTraHi3aMy Ha reHOTOKCUYHuUi ctpec [1]. o
loro mMposBiB HaJEXWThb padialliiHO-iHIYKOBAaHUMI
e(eKT CBiIka — BILUIMB Ha iHTaKTHi KJIiTUHHA OTOUYYIOUMX
KJIITUH, 110 3a3HaJIU il i0Hi3yr04Oro BUIIPOMiHIOBaHHSI;
NyXJIUHHO-IHAYKOBaHUI e(eKT cBimka — BIUJIUB Ha
IHTaKTHI KJIiITUHU MaJIiITHi30BaHUX KJIITUH; €(DEeKT Mopsi-
TYHKY — Jisl iHTAKTHUX KJIiTUH Ha TOIIKOMXEHi OHKO-
JIOTIYHMM MPOIIECOM,/OIPOMiIiHEHHSIM KIiTUHU. BuBUYeH-
HsI e(beKTy CBiKa IMTPOBOAUIIOCH, 3Ae0iIbIIOr0, Ha MOJIE-
JISIX in Vitro 3 BUKOPUCTAHHSM 3MillaHUX MiXBUIOBUX
KYJbTYp UM CYMICHOTO KYJIbTMBYBaHHSI MOpPdOa0riu-
HO/IIUTOT€HETUYHO Pi3HMX TKAHWH JIIOAWMHH, IO PO3-
PI3HSIMCH 32 HASIBHICTIO BIUIMBY T€HOTOKCUYHOIO YMH-
HUKA Y1 OHKOJIOTiUYHOI TpaHchopmaliii. [2].

B« Olena V. Schemetun, e-mail: shemetun @ukr.net

INTRODUCTION

The universal phenomenon of bystander response
is the body’s systemic response to genotoxic stress
[1]. Its manifestations include the radiation-
induced bystander effect — the effect on intact
cells of surrounding cells exposed to ionizing radi-
ation; tumor-induced bystander effect — the effect
on intact cells of malignant cells; rescue effect —
the action of intact cells on cells damaged by the
oncological process/irradiation. The study of the
bystander effect was carried out, for the most part,
on in vitro models using mixed interspecies cul-
tures or co-cultivation of morphologically/cytoge-
netically different human tissues, which differed in
the presence of exposure to a genotoxic factor or
oncological transformation [2].
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PanianiitHo-iHayKOBaHM e(heKT CBilKa € HAWOLIbII
BUBYEHUM i3 3a3HAUYEHUX MPOSIBiB YHiBEPCAJIbHOIO
denoMeHy edeKTy cBigka. Ha reHeTMuHOMY piBHi BiH
MPOSIBJISIETbCSI TEHHUMU MYTallisSIMU, XpOMOCOMHUMU
abepalisiMi, TeHOMHOIO HecTabUIbHICTIO, SIKi 30epira-
IOTbCSl TPUBAIMM Yac, 110 MOXE COPUSITH PO3BUTKY
panialifHO-iHIYKOBAaHOIO KaHIEpOTeHe3y Ta pe-
ajtizallii BTOpMHHUX 3/710SIKiCHUX HOBOYTBOPEHb Y OH-
KoJIoriyHuX xBopux [3—7].

ITyximHHO-iHAYKOBAaHUM e(eKT CBiAKa € HElIOoaaB-
HO BizkputuM heHomeroM [1, 5]. Moro iHayKuist Mo-
K€ CIPUSTU PO3BUTKY BTOPUHHUX 3JIOSIKICHUX HOBO-
YTBOPEHb y OHKOJIOTIYHMX XBOPUX BHACTIZOK CH-
HeprizMy reHOTOKCHUYHOI [iil MaJlirHi30BaHUX KJIiTHH i
BIUIMBY XiMiO-/palioOHKOTeparlii 3710SIKiCHMX HOBOYT-
BopeHb [5, 8]. Po3BUTOK NyXJIMHHO-iHIYKOBaHOIO
edeKTy CBilKa BCTAHOBJIEHO 3a CYMICHOTO KYJIBTUBY-
BaHHS HOPMAaJIbPHUX KJIITUH JIIOAWMHU 3 KJIITUHAMU Me-
JIAHOMM Ta aJeHOKaPIIMHOMU JIET€Hb 3a ITOKa3HUKaAMU
MOIIKOIKEeHHs reHoMy [9, 10]. K Mmapkepu po3BUTKY
MYXJIMHHO-iHIYKOBAaHOTO €(PeKTY CBiAKa B AOCIiIKEH-
HSIX BUKOPUCTOBYBAJIN MIiKpOSIIpa, MOJIEKYJISIPHO-Te-
HETUYHI Ta LUTOTEHETUYHi INMOKA3HUKU, KJIITUHU B
CTafii armomnTo3y.

EdekT nmopsTyHKy, pu SIKOMY BHACJiIOK CUTHAJiB
3BOPOTHOTO 3B’SI3Ky MaJIirHi30BaHi/OMpOMiHEHI KITi-
TUHHU 3a3HAIOTh BIUIMBY OTOYYIOUMX iHTAKTHUX KJTiTUH,
3a iHAYKOBaHUM e(MEKTOM € TPOTUJIEKHICTIO IO pa-
JialiifHO- Ta MyXJIMHHO-iHAYKOBAHOTO e(eKTy CBinKa
[11]. Moro iHOyKIis cIpysie aKTUBALII CHCTEM peria-
pauii Ta crabinizalii reHoMy KJIITUH-CBiJIKiB, 110 3 O/ -
HOT0 OOKY € TTO3UTUBHUM JUIS1 OPraHi3My, a 3 iHIIIOTO —
MOXX€ 3HMXYBaTU €(MEKTUBHICTb JiKyBaHHS 3J105I-
KiCHMX MOyXJIMH TIiJ 4yac MPOMEHEeBOiI Tepamii OHKO-
JIoriyHo1 TraroJorii [12, 13].

Mu po3aroyany BUBYEHHS (heHOMEeHY e(heKTy CBiIKa 3
JOCJiIXKEeHHS padialiliHO-iHAYKOBaHOIo e(peKTy CBiaKa
y 2005 poui, Kosin Oyia po3pobieHa MoJebHa cUcTeMa
IUISI BUBYEHHSI HOr0 MpPOSIBiB Ha ILIMTOTEHETUIHOMY
piBHi, IO JO3BOJMJIA JOCTIIKYyBaTU B3a€EMHUI BIUIMB
OINPOMIHEHUX i HEOTTPOMiHEHUX JiM(OIUTIB nmepude-
puuHoi Kposi (JITTK) monrHu 3a yMOB CYMiCHOTO KYJb-
tnByBaHHS [14, 15]. I3 3acrocyBaHHSIM 1Ii€i Momemi
BCTAHOBJICHI LIMTOI€HETWYHi acleKTU PO3BUTKY, IMep-
cUCTeHUi Ta Monauikallii pagialiiiHO-iHIyKOBAHOIO
edekTy cBinKa Ta eeKTy MOpsSITYHKY (Ha3BaHOTO HaMu
3BOPOTHIM e()eKTOM CBifKa) 3a YMOB CYMiCHOTO KYJIb-
TUBYBAaHHSI HEOIPOMiHEHUX Ta OIPOMiHEHUX B J03i
1,00 Ta 0,25 Ip JITIK [3, 16]. ¥ 2018 poui Hamu po3mo-
4yaToO BMBYEHHS MPOSIBIB YHiBEpPCaIbHOTO (heHOMEHY
e(eKTy CBiKa B iHTAKTHUX JIiIM(MOINTAX KPOBi JTIOAWHN

The radiation-induced bystander effect is the most
studied of the mentioned manifestations of the uni-
versal phenomenon of the bystander effect. At the
genetic level, it is manifested by gene mutations,
chromosomal aberrations, and genomic instability,
which persist for a long time, and can contribute to
the development of radiation-induced carcinogene-
sis and the realization of secondary malignant neo-
plasms in cancer patients [3-7].

The tumor-induced bystander effect is a recently
discovered phenomenon [1, 5]. Its induction can
contribute to the development of secondary malig-
nant neoplasms in cancer patients due to the syner-
gism of the genotoxic effect of malignant cells and
the effect of chemo-/radiotherapy on malignant
neoplasms [5, 8]. The development of the tumor-
induced effect of the bystander was determined by
the co-cultivation of normal human cells with me-
lanoma and lung adenocarcinoma cells according to
the indicators of genome damage [9, 10]. Micronuc-
lei, molecular genetics, cytogenetic indicators, and
cells in the stage of apoptosis were used as markers of
the development of the tumor-induced bystander
effect in the studies.

In the rescue effect, in which, as a result of feed-
back signals, malignant/irradiated cells are affected
by the surrounding intact cells, the induced effect is
the opposite of the radiation- and tumor-induced
bystander effect [11]. Its induction contributes to the
activation of repair systems and stabilization of the
genome of bystander cells, which, on the one hand,
is positive for the body, and on the other hand, it can
reduce the effectiveness of treatment of malignant
tumors during radiation therapy of oncological
pathology [12, 13].

We began studying the phenomenon of the
bystander effect by researching the radiation-induced
bystander effect in 2005 when a model system was
developed to study its manifestations at the cytoge-
netic level, which allowed us to investigate the mutu-
al influence of irradiated and non-irradiated human
peripheral blood lymphocytes (PBL) under condi-
tions of co-cultivation [14, 15]. Using this model, the
cytogenetic aspects of the development, persistence,
and modification of the radiation-induced bystander
effect and the rescue effect (called the reverse
bystander effect) were established under the condi-
tions of co-cultivation of non-irradiated and irradiat-
edinadose of 1.00 and 0.25 Gy PBL [3, 16]. In 2018,
we began studying the manifestations of the universal
phenomenon of the bystander effect in intact human

251 &



EKCMNMEPUMEHTAJIbHI

AOCNIAXKEHHA

ISSN 2304-8336. [Npobnemu pagiaviiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2022. Bun. 27.

MPH 1X B3aEMOIi1 3 OHKOTpaHC(HOPMOBAaHUMU KITITUHA-
MU KpOBi 0Ci0, XBOpUX Ha B-KJIITMHHY XpPOHIUHY
JiMdouuTapHy Jerikemiro (XJJI) [17—19].

META

BctaHOBUTH piBeHb XPOMOCOMHOI HECTaOiIbLHOCTI B
nmiM@onuTax meprudepnIHoi KpoBi 3MOPOBUX OCi0 Ta
KJIITUHAX XBOpUX Ha B-KJIITUHHY XpOHiIYHY JiMpOoLIM-
TapHY JIEWKEeMil0 32 YMOB IX CyMiCHOTO KYyJIETUBYBaHHSI
Ta BM3HAYUTU MOXJIMBICTb iHAYKIIil B HUX MPOSIBIB
YHiBepCcaJIbHOTO SIBUIIA e(EKTy CBigKa.

MATEPIAJIN TA METOJIU JOCJIJI2KEHDb
BuBYEHHSI LIUTOreHETUYHUX MPOSBIB YHiIBEpPCATIbHOIO
deHomeny edexry cBinka BukoHaHo Ha JITTK moguHm,
110 PO3PI3HSUIUCH 32 LUTOreHETMYHMMM MapKepamu
CTaTi, HasIBHICTIO OHKOJIOTIYHOI Mmatosiorii (B-ki1iTnHHOI
XJIJI) Ta xgi€to ioHi3y10uOoro BUITPOMIiHIOBAHHS in Vitro.

Jlo mocnimKeHHs Ha OCHOBI TTOiH()OPMOBAHOI 3TOAN
Oy 3aJly4eHi ciM YMOBHO 3[J0pOBMX OCi0, sIKi 3amnepe-
yyBaJid CBiAOMMIA KOHTAKT 3 iOHi3YyI0UOI0 padialli€to Ta
IHIOMMM MyTareHHMMW YMHHUKAMM, Ta CiM oci0 3
ngiarHo3zoMm B-kiituHHoi XJIJI, siki mpoxoauau Meauu-
He ob0cTexxeHHs B nojikuriHiui HHIIPM uu BinmineHHi
pamianiitHoi remartosorii [HCTUTYTY KIJIiHiYHOI pamio-
Jorii HHIIPM. 3pasku kposi xBopux Ha XJIJI oxep-
JKyBaJIy OO0 MOYATKY JIIKyBaHHSI.

I1pu BuKkoHaHHi poOOTU BUKOHYBAJIU OKPEME KYJIb-
tuByBaHHs JITIK 3m0poBux oci® misi BU3HAUEHHSI B
HUX (POHOBOIro (KOHTPOJBHOIO) piBHS abepalliii Xpo-
MOCOM IIpM MOIEJIOBaHHI pafialliifHO/-IyXJIMHHO-
iHAYKOBaHOTO e(heKTy CBilKa; OKpeMe KyJIbTUBYBAHHS
kpoBi xBopux Ha XJIJI (iHTaKTHOI/ONMpPOMiHEHO1) s
BCTaHOBJIEHHS ((DOHOBOTO/iHAYKOBAHOTO) PiBHS abe-
paiiii XpoMOCOM MpPH JOCITiIKeHHi epeKTy MOpSITYH-
Ky; cymicHe KynbruByBaHHs JITIK ymMOBHO 310pOoBHX
oci6 Ta xBopux Ha XJIJI (HeonmpoMiHEHMX,/OMPOMiHe-
HUX in Vitro) IJisk BA3HAYCHHS IUTOTeHETUIHOTO e(peK-
Ty y KIITUHAX-CBiIKaX i KIITMHaX-iHAyKTOpax Ipu
JOCHiIXeHHI TMyXJIMHHO-/pafialiiiHO-iHIyKOBaHOI'O
edekTy cBimKa Ta eeKTy MOPSTYHKY.

OnpoMiHeHHs1 KpoBi xBopux Ha XJIJI mpoBoauiu
y-kBaHTamu '¥'Cs (BunpomiHioBau IBL-237C, motyx-
HicTb 2,34 Ip/xB) nepen KynsTuByBaHHSIM Y 1031 0,50 Ip.

LlinbHY KpOB YMOBHO 3M0POBMX OCI0O Ta XBOPUX Ha
XJUJI KyapTuBYBajIu 3 BUKOPUCTAHHSIM 3araJIbHOBXKIM-
BaHOTO HaITiBMiKpOMeTONYy Yy Halliii Mmomudikarrii [18].

MopnemntoBaHHs eekTy cBifika (IMyXJIMHHO-IHAyKOBa-
HOTO, paliallifHO-iHAYKOBaHOTO Ta e(PEKTy MOPSITYHKY)
BUKOHYBAJIM i3 3aCTOCYBaHHSIM pO3pO0OJEHOT HAMU MO-
JIeJIbHOI CUCTeMU JIsl NOCHiIXKEHHS paaialiiiHO-iHIy-

blood lymphocytes during their interaction with
malignant blood cells of patients with B-cell chronic
lymphocytic leukemia (CLL) [17—19].

OBJECTIVE

To establish the level of chromosomal instability in
PBL from healthy individuals and cells from patients
with B-cell CLL under co-cultivation conditions
and to determine the possibility of inducing mani-
festations of the universal phenomenon of bystander
response in them.

MATERIALS AND METHODS

The study of the cytogenetic manifestations of the
universal phenomenon of the bystander response
was carried out on human PBL which differed by
cytogenetic markers of sex, the presence of oncolog-
ical pathology (B-cell CLL), and irradiation in vitro.

Based on informed consent, seven healthy individ-
uals denied conscious contact with ionizing radia-
tion and other mutagenic factors, and seven indi-
viduals diagnosed with B-cell CLL who underwent a
medical examination in the polyclinic of the
NRCRM or the radiation hematology department of
the NRCRM were involved in the study. Blood sam-
ples were collected from patients with CLL before
treatment.

In the course of the studies, separate cultivation of
PBL from healthy individuals was performed to
determine the background (control) level of chro-
mosome aberrations in them when simulating the
radiation-/tumor-induced bystander effect; separate
cultivation of blood from patients with CLL
(intact/irradiated) to establish the (background/in-
duced) level of chromosome aberrations when
studying the rescue effect; co-cultivation of PBL
from healthy individuals and CLL patients (unirra-
diated/irradiated in vitro) to determine the cytoge-
netic effect in bystander cells and inducer cells in the
study of tumor/radiation-induced bystander effect
and rescue effect.

CLL patients’ blood was irradiated with y-quanta
of "Cs (emitter IBL-237C, power 2.34 Gy/min) in
a dose of 0.50 Gy before culturing.

Whole blood from healthy individuals and CLL
patients was cultured by the semi-micro method in
our modification [18].

Modeling of the bystander effect (tumor-induced,
radiation-induced, and rescue effect) was performed
using the model system developed by us for the study
of the radiation-induced bystander effect in human
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KOBaHOTO e(eKTy CBiIKa B COMAaTUYHMX KJTiITUHAX JIIOIU-
HU TUISIXOM CYMIiCHOTO KYJIBTUBYBAaHHS KPOBI YMOBHO
3mopoBUX 0cid 3 KpoB’1o xBopux Ha XJIJI, 0 po3pi3HsI-
JINCh 32 IUTOTEHETUYHUMU MapKepaMu cTati [15 ].

IIperapatn MeTtacdazHux XpomMocoM ¢apOyBaiu piB-
HoMipHO OapBHUKOM ['iM3a (Merck, HimeuunHa). Iu-
TOT€HETUUYHMI aHali3 BUKOHYBaJIM 3 TPYIIOBUM Kapio-
TUITYyBaHHSIM ITiJI MiKpocKoraMu 3i 30inbireHHsaM x 1000.
KiTiHU-CBinKM 1 KIIITUHU-IHIYKTOPU PO3Pi3HSUIA 3a
HasSIBHICTIO UM BiICYTHICTIO CTaTEBO1 YOJIOBiYOiI Y XPOMO-
comu. I1im yac LUTOTE€HETUUYHOTO aHali3y BpaxOByBalu
abepauii xpoMatTuaHOro (OAMHOYHI aLlEeHTpUYHI (par-
MEHTH, XpOMaTHUIHI OOMiHW) Ta XPOMOCOMHOTO (BiJbHi
napHi parMeHTH, alleHTPUYHI KiJIbLS, TMLIEHTPUYHI Ta
KiJiblIeBi XpPOMOCOMM, aHOMajJbHi MOHOLIEHTPUKN)
TUIIiB. 3arajoM Mpu BUKOHAHHI poOOTH MpoaHajli3oBa-
Ho 11 080 kiTUH.

JI1s1 KOXXHOI TOYKM JOCIiNy po3paxoByBaIM BiICOTOK
abepaHTHMX MeTadas i yacToTy abepalliii XpoMOCoM Ha
100 meTtacdasz. JaHi Mo oKpeMHUX ToOYKax AOCIiAy 00’ €l-
HYBJIM B TPYITH BiAITOBIIHO 0 AW3aiiHy JOCTIIKEHHS 3
MOMAJIBIINM PO3PAXyHKOM CEPENHBOTPYITOBUX 3HAYEHb i
CTAaTUCTUYHUX TTOXMOOK. 3HAXOOMIN Pi3HUIIIO MiX Ce-
peIHIMU 3HAUYEHHSIMM B OKPEMMX BapiaHTaX JOCIiIKeH-
Hs. [lepeBipKy HYJIBOBUX TillOT€3 MPOBOAWIN Ha PiBHi
3HauyiocTi p < 0,05 3a nonomoroio kpurepito CT’r1oaeH-
ta [20].

PE3VYJIBTATU TA OBTOBOPEHHS
[luToreHeTUYHMIA aHai3 JIM@OLIMTIB KPOBi 3I0POBUX
0oci0 mokazaB, 110 MOIIKOMXEHI KIITMHU MICTWIN IO
OfHit abepallii XpOMOCOM, BHACIiJOK 4YOro cepemHs
yacToTa abepaHTHUX KJIITUH Ta piBeHb abepalliif XxpoMo-
coM ctaHoBuIM 1,48 % (ta6u. 1). YacTora abepalliii Xpo-
MaTUIHOTO TUTTY (OAMHOYHUX (PparMeHTIB), 110 CKJIaga-
au 75 % Bin 3arajibHOI KiJIbKOCTI ITOIIKOIKEHb XPOMO-
coM, ctaHoBuiaa 1,11 Ha 100 kiitun (Ta6n. 2). CepenHb-
OrpyrnoBUll piBeHb abepaliii XpOMOCOMHOIO THUILY, SIKi
OyJi1 MpeAcTaBIeHI MAapHUMU alleHTPUYHUMU (pparMeH-
TaMyd Ta aHOMaJbHUMM MOHOLIEHTPUKAaMHU, CTaHOBUB
0,37 na 100 metacaz. [1apHi ¢hparMeHTH BUSIBIEH] 3 4ac-
tortoto 0,32 Ha 100 metacdaz. CepenHbOTPYNOBU piBEHb
AHOMAJIbHUX MOHOIEHTPUKIB (CTaOiMbHUX OOMIHHUX
abepalliii, 1110 HAKOMTUYYIOThCS MPOTATOM XXUTTS JIIOAM-
Hu), craHoBuB 0,05 Ha 100 mertada3. Bci Bu3HaueHi B
JiM@pouuTax KpoBi 340POBUX OCIO LIMTOTeHETUYHI MO-
Ka3HUKM BiAINOBigaJu 1X CHOHTAHHUM MOIYJSLUiAHUM
yactoTaMm [21], 1110 J03BOJIMUIJIO BUKOPUCTATH 1X SIK KOHT-
pOJIb IIPY BUKOHAHHI JOCIIIKEHb 3 BUBYCHHS YHiBep-
cajbHOTO (heHOMEeHY e(eKTy CBigKa 3 BUKOPUCTAHHSIM
3MiIIaHOI KyJIBETYpH JTiM(pOLUTIB KPOBi JIIOAWHUA.

somatic cells by co-culturing the blood from
healthy individuals with the blood from CLL
patients, which differed by cytogenetic markers of
sex [15].

Metaphase chromosome preparations were
stained uniformly with Giemsa dye (Merck, Ger-
many). Cytogenetic analysis was performed with
group karyotyping under microscopes with a mag-
nification of x1000. Bystander cells and inducer
cells were distinguished by the presence or absence
of a male Y chromosome. 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 taken into account. In total, 11,080
cells were analyzed during the work.

For each experiment point, the percentage of aber-
rant metaphases and the frequency of chromosome
aberrations per 100 metaphases were calculated.
Data for individual points of the experiment 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 deter-
mined. The null hypothesis was tested at a signifi-
cance level of p < 0.05 using the Student’s 7-test [20].

RESULTS AND DISCUSSION

Cytogenetic analysis of blood lymphocytes from
healthy individuals showed that each damaged cell
contained one chromosomal aberration, as a result
of which the mean frequency of aberrant cells and
the level of chromosomal aberrations was 1.48%
(Table 1). The frequency of chromatid-type aberra-
tions (single fragments), which accounted for 75%
of the total number of chromosome damages, was
1.11 per 100 cells (Table 2). The mean-group level of
chromosomal-type aberrations, which were repre-
sented by double acentric fragments and abnormal
monocentrics, was 0.37 per 100 metaphases. Double
fragments were detected with a frequency of 0.32 per
100 metaphases. The mean-group level of abnormal
monocentrics (stable aberrations accumulating dur-
ing a person’s life) was 0.05 per 100 metaphases. All
cytogenetic parameters determined in the blood
lymphocytes of healthy individuals corresponded to
their spontaneous population frequencies [21]. This
made it possible to use them as controls in studies of
the universal phenomenon of the bystander effect
using a mixed culture of human blood lymphocytes.
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Ta6nuusa 1
OCHOBHi UMTOreHeTUYHi NOKA3HUKKU NPU JOCTIAXKEHHT NyXIMHHO-/paAialinHo-iHaYKOBaHOro eheKTy CBiAgKa Ta

eeKTy NOPATYHKY

Table 1
The main cytogenetic data in the study of tumor-/radiation-induced bystander effect and rescue effect

BapiawTu pocniny npo aKr:g;Ii(:l;?)TBI;Hux 361%?:::“)( Yacrora abGepauiii xpoMocom Ha 100 kniTH
KNITHR KNiTHH, % Frequency of chromosome aberration per 100 cells
Experimental variants Number of cells Frequency of cepenHs MiHiManbHa — MakCMManbHa
aberrant cells, % mean minimum — maximum
Edexr cBigka / Bystander effect
KonTpons / Control 1900 1,48 £0,28 1,48 £0,28 1,00 — 2,00
KnituHn-caigkn NIEC! 1821 3,35+ 0,42 3,35+ 0,42 2,00 — 4,44
Bystander cells TIBE'
Knitunu-cainkm PIEC? 2340 474 + 0,44 5,00 = 0,45 4,55 - 6,00

Bystander cells RIBE2

Edext nopartyHky / Rescue effect

X1 (rpyna nopiBHAHHS) 1070 3,08+0,53 3,18+0,54 1,84 - 5,33
CLL (comparison group)

X1 (onpominenHs in vitro, 0,50 'p) 1036 11,49 + 0,99 12,36 = 1,02 11,00 — 14,00
CLL (irradiation in vitro, 0.50 Gy)

Edekr nopsatyxky MIEC! 1703 3,23 £ 0,43 3,35+ 0,44 2,50 — 5,06
Rescue effect TIBE!

EdpexT nopstyHky PIEC? 1210 8,35+ 0,80 9,09 £ 0,83 7,66 —9,78
Rescue effect RIBE?

Mpumitku. TMyxMHHO-iHAYKOBaHMIA edekT CBiaKa; 2papiaLliiHo-iHayKoBaHWI edekT cBiaka.
Notes. "Tumor-induced bystander effect; 2radiation-induced bystander effect.

Ta6nuua 2
Yacrora abepauyiit XxpoMaTMAHOro i XpOMOCOMHOr0O TUNY NMPKU JOCNiAKeHHI NyxnAUHHO-/paaiayiiHo-iHAYKOBa-
Horo eceKTy cBifKa Ta ed)eKTy NOPATYHKY

Table 2
Frequency of chromatid and chromosome type aberrations in the study of tumor-/radiation-induced bystander
effect and rescue effect

Bapiantu gocnigy Yacrora aGepauiii xpomocom, Ha 100 knituH / Frequency of chromosome aberration per 100 cells
XpomatuaHoro XpomocomHoro Tuny / Chromosome type
™ny ALEHTPUYHI QHOMaJIbHi OULEHTPUYHI i BCbOI0
dparmeHTH MOHOLIGHTPUKM  KiNbLieBi XpOMOCOMU

Experimental variants Chromatid acentric double abnormal dicentric and total

type fragments monocentrics ring chromosomes

Edexr cBipka / Bystander effect

KonTpons / Control 1,11 £ 0,24 0,32+ 0,13 0,05+ 0,05 0,00+ 0,00 0,37+ 0,14
Kniturm-ceigku NIEC! 2,31 £0,35 0,99 +0,23 0,05 +0,05 0,00 +0,00 1,04+ 0,24
Bystander cells TIBE!
KnituHun-cainkn PIEC? 3,25 0,37 1,62 +0,26 0,09 0,06 0,04+ 0,04 1,75+ 0,27

Bystander cells RIBE?

Edekr nopatyHky / Rescue effect

XJ11 (rpyna nopiBHsIHHS) 2,15+ 0,44 0,75+ 0,26 0,28+0,16 0,00+ 0,00 1,03+ 0,31
CLL (comparison group)

X1 (onpominenHs in vitro, 0,50 'p) 512+ 0,68 4,44+ 0,64 0,87+ 0,29 1,93+0,43 7,24+0,81
CLL (irradiation in vitro, 0.50 Gy)

EdexT nopstyHky MIEC 2,00 £ 0,34 1,23 £0,27 0,12 0,08 0,00 £0,00 1,35+ 0,28
Rescue effect TIBE!

EdexT nopstyHky PIEC? 2,64 £ 0,46 413+ 0,57 0,74 £0,25 1,57+0,36 6,45+ 0,71
Rescue effect RIBE?

Mpumitku. TMyXIMHHO-IHAYKOBAHWIA edeKT CBifKa; ZpapiaviiHo-iHaykoBaHWi eexT ceiaka.
Notes. "Tumor-induced bystander effect; 2radiation-induced bystander effect.
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B nocnini 3 MoaentoBaHHS pO3BUTKY MYXJIMHHO-1HIY-
KOBAHOTO e(MEKTy CBiKa IMpU CYMiCHOMY KYJIbTUBY-
BaHHi KpOBI 300POBUX 0Ci0 3 KJIIITUHAMU KPOBi XBOPUX
Ha XJIJI niMmdouut 310poBUX 0CiO OyJIM KIITUHAMM-
CBiIKaMM, 1110 IIPOTSITOM Yacy KyJIETUBYBaHHS OTPUMY-
BaJyd CHUTHAJM Bil OHKOJOTIYHO TpaHC(HOPMOBAHUX
ximitnH. CepeTHpOTPYIOBHMI piBeHb adepalliii XpoMo-
COM B KJIiTMHaX-CBigkax ckiagas 3,35 Ha 100 mertadas
i mepeBUIIYyBaB BiAMOBITHUI KOHTPOJIbHUI TTOKa3HUK,
3apeECTPOBAHUI MpPU IX OKpEeMOMY KyJIbTHMBYBaHHi
(p <0,01). IlomKomKEHHSI XPOMATUIHOIO THILY, SIKi €
MapKepaMHu XPOMOCOMHOI HecTaOiIbHOCTI, Oyau
npeicTaBieHi OIMHOYHUMM (parMeHTaMu. Ix ce-
peanborpynona yactora (2,31 Ha 100 meracdas) nepe-
BUIIyBaJIa KOHTpoabHUI piBeHb (p < 0,01), 110 BKasye
Ha PO3BUTOK MYXJIMHHO-iHAYKOBAHOTO e(DeKTy CBilKa B
JIiMboLIMTaX KPOBi YMOBHO 3IOPOBUX OCIO TMpH iX KO-
KyJIBTUBYBaHHI 3 KpoB'1o xBopux Ha XJLJI. Amnanmi3
IHAUBIoyaJbHUX PiBHIB abepalliii XpOMOCOM XpOMAaTHU/I -
HOTO TUITy IOKa3aB, 110 BOHU 3HAXOAWIMCh B MEXax
Bim 1,33 oo 3,70 Ha 100 meTadas (Tabdiu. 3). Y mectu 3 ce-
MU JOCiIKeHUX BMITAJKiB CIIOCTEpirajiM 3pOCTaHHS
LbOrO MOKAa3HMKA MOPIBHSHO 3 KOHTPOJbHUM PiBHEM,
IO CBiYUTH MPO iHAYKLIIO MyXJIMHHO-iHIYKOBAaHOTO
edekTy cBigka. Pazom 3 TuMm, B JiMdouutax KpoBsi
O/IHi€T ocobu (BMMaaok 3) yacTora abepaliii xpoMaTua-
HOIo TUITy HE Maja CTaTUCTUYHO 3HAYYIlOl Pi3HULI 3
KoHTpoJieM (p > 0,05), 1110 BKa3ye Ha BiICYyTHiCTh 3pOC-
TaHHSI XPOMOCOMHOI HECTaOLIbHOCTI i PO3BUTKY ITyX-
JIMHHO-1HAYKOBaHOTO e()eKTy CBiaka. Adepallii XxpoMo-
COMHOTIO TUITy OyJIM MpeAcTaB/ieHi aHOMaJIbLHUMU MO-
HOLIGHTPMKAMM Ha piBHi, 1110 HE MaB CTATUCTUYHO 3Ha-
YylIoi Pi3HULI 3 KOHTPOJIbHUM, Ta aUEHTPUUYHUMU
¢dparmeHTamu (mapHuMu ¢pparMeHTaMM, alleHTUYHU-
MU KiJTbLSIMU), YacTOTa SIKUX IIEPEeBUILIyBaJia KOHT-
poabHy (p < 0,05). 3Baxarouu Te, 110 YacTOTa allCHT-
PUYHMX KiJIellb Ta XPOMOCOMHUX abepalliii 0OMiHHOTO
TUITY CTATUCTUYHO 3HAYYILIE HE BiAPi3HSUIUCH Bif KOHT-
POJIBHUX, MU TIPUIYCKAEMO, 110 YaCTMHA 3aPEECTPOBA-
HUX B KJITMHaX-CBigKax MapHUX (parMeHTiB OyJa
HACJTiIKOM MOJBIMHUX XpOMaTUAHUX PO3PHBIB i PO3BU-
TOK e(PeKTy CBiKa He BIIMBAB Ha iX iHAYKIIiIO.

B nmocnigkeHHi 3 MOJEIOBaHHSI PO3BUTKY pajialliii-
HO-iHIYKOBAHOTO e(MeKTy CBigKa IIUIIXOM CYMiCHOTO
KyJBTUBYBaHHSI KPOBi YMOBHO 310pOBUX OCi0 3 orf-
poMiHeHrMU B 1031 0,50 I'p KiiTMHaAMK KPOBi XBOPUX HA
XJIJI Gyno BCTaHOBJIEHO, 1O YacToTa abepaHTHUX
KJIiTUH ctaHoBuIa 4,74 %, piBeHb abepalliii XpoMoCcoM
cknagas 5,00 Ha 100 kiTuH. i moka3HUKY MTepeBUILLY-
BaJII KOHTPOJIbHI 3HAUYEeHHSI Ta pe3yJBTaTH, 110 Oyiu
BCTaHOBJICHI Y KJIITUHAX-CBiJIKaX MPU 1X KyJbTUBYBaHHI

In an experiment on modeling the development of
the tumor-induced bystander effect under co-culti-
vation of the blood from healthy persons with blood
cells from CLL patients the lymphocytes of healthy
persons were bystander cells that received signals
from oncologically transformed cells during the cul-
tivation period. The mean group level of chromo-
some aberrations in bystander cells was 3.35 per 100
metaphases and exceeded the control indicator
under their separate cultivation (p < 0.01). Chro-
matid-type lesions, which are markers of chromoso-
mal instability, were represented by single fragments.
Their mean group frequency (2.31 per 100 me-
taphases) exceeded the control level (p < 0.01),
which indicates the development of a tumor-
induced bystander effect in blood lymphocytes from
healthy individuals when they are co-cultivated with
the blood from CLL patients. Analysis of individual
levels of chromatid-type chromosome aberrations
showed that they ranged from 1.33 to 3.70 per 100
metaphases (Table 3). In six out of seven studied
cases, an increase in this indicator was observed
compared to the control level, which indicates the
induction of a tumor-induced bystander effect.
However, in the blood lymphocytes of one person
(case 3), the frequency of chromatid-type aberra-
tions did not have a significant difference with the
control (p > 0.05), which indicates the absence of an
increase in chromosomal instability and the devel-
opment of a tumor-induced bystander effect.
Chromosomal-type aberrations were represented by
abnormal monocentrics at a level that did not have a
significant difference from the control, and acentric
fragments (double fragments, acentric rings), the
frequency of which exceeded the control (p < 0.05).
Taking into account that the frequency of acentric
rings and chromosomal aberrations of the exchange
type did not differ significantly from the control
ones, we assume that some of the double fragments
registered in the bystander cells were the result of
double chromatid breaks and the development of the
bystander effect did not affect their induction.

In a study on modeling the development of the
radiation-induced bystander effect by co-cultivated
the blood from healthy individuals with blood cells
from CLL patients irradiated in a dose of 0.50 Gy
was established that the frequency of aberrant cells
was 4.74%, the level of chromosome aberrations was
5.00 per 100 cells. These indicators exceeded the
control values and the results that were established in
bystander cells under cultivation with non-irradiated
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Ta6nuusa 3
InguBipyanbHi yactoTu abepauiin xpomaTMaHOro TUNY NPU AOCHIAKEHHT NyXxNUHHO-/pagiayiliHo-iHAYKOBaHOrO
edeKTy cBigKa Ta eheKTy NOPATYHKY

Table 3
Individual frequencies of chromatid-type aberrations in the study of tumor-/radiation-induced bystander effect
and rescue effect

06cTexeHi ocoou / Examined persons
3noposi / Healthy individuals

Bapiantu gocniny
Experimental variants

1 2 3 4 5 6 7
Kontpons / Control 1,67 1,50 1,50 1,00 1,00 1,00 0,60
Knituhn-caigkn MIEC! 2,44 3,70 1,33 2,46 1,60 1,82 2,40
Bystander cells TIBE'
Knitunu-cainkm PIEC? 3,86 2,40 3,14 3,67 3,00 3,33 3,00
Bystander cells RIBE?

XJi1/CLL

8 9 10 11 12 13 14
XJ11 (rpyna nopiBHsIHHS) 2,00 2,67 2,31 1,74 1,94 3,33 1,23
CLL (comparison group)
X1 (onpominenHs in vitro, 0,50 Ip) 3,73 5,71 4,67 4,67 5,63 5,00 6,00
CLL (irradiation in vitro, 0.50 Gy)
EdexT nopstyHky MIEC 1,79 3,48 1,82 2,81 1,92 2,00 1,20
Rescue effect TIBE!
EdexT nopstyHky PIEC? 3,72 417 2,86 417 0,85 2,22 1,93

Rescue effect RIBE?

Mpumitku. TMyxMHHO-iHAYKOBaHMIA eekT CBiaKa; 2papiaLitHo-iHayKoBaHWI edekT cBiaka.
Notes. 'Tumor-induced bystander effect; 2radiation-induced bystander effect.

3 HEONPOMiIHEHMMMU KJIiITUHAMU KpoBi xBopux Ha XJIJI
(p <0,01). Y criekTpi XxpOMOCOMHUX TTOPYILIeHb, 3a]iKco-
BaHUX B KJIITUHAX-CBiIKax, MepeBaxkaau MpocTi adepailii
XPOMATUHOTO TUITY — OAMHOYHI (hparMeHTH, CepeHbO-
TpyIIoBa 4YacToTa SKux ctaHoBuia 3,25 Ha 100 kimiTvH i
OyJia BUILIOIO 3a ITIOKA3HUK, 3aPEECTPOBAHUN Y KITITUHAX-
CBiKaxX y BapiaHTi MOCIiIy 3 MOJEIIOBaHHS ITyXJIUHHO-
iHIyKOBaHOro e(heKTy CBiJKa, 110 BKA3y€E Ha MiABUILCHHS
XPOMOCOMHOI HEeCTaOiJIbHOCTI i PO3BUTOK B HUX pajia-
LHiAHO-1HAYKOBAHOTO e(eKTy cBinka. IHIMBigyaabHi 111~
TOTEHETUYHI MOKa3HUKU YaCTOTH abepalliii XxpoMaTUIHO-
TO TUITY 3HaXOAMINCh B Mexkax Bif 2,40 no 3,86 Ha 100 me-
tada3s i B yciX BUITaIKaX ITepeBUIYyBaI (DOHOBUIA PiBEHb,
1110 BKa3y€ Ha PO3BUTOK pafdialliiiHO-iHIyKOBaHOTO e(heK-
Ty CBiZlKa Y KPOBI BCiX 3aJIy4€HUX 10 EKCIIEPUMEHTY OCiO.
PazoMm 3 ThM, y nBoX BUmMankax (2, 7) He crocTepiraiu
CTaTUCTUYHO 3HAUYILOI 3MiHU piBHS abepaliiit XxpoMaTu/I-
HOTO TUITy MOPiBHSIHO 3 BapiaHTOM JOCHTiTy 3 MOJEIO-
BaHHS MTyXJIMHHO-1HAYKOBaHOTO €(DEeKTY CBifKa.
ALICHTpUYHI mapHi ¢parMeHTH 3apeeECTPOBaHi 3 yac-
totolo 1,62 Ha 100, 1m0 mepeBuiyBajga (GOHOBY, IIPOTE
He MaJla CTaTUCTUYHO 3HAYYIIO1 Pi3HUIII 3 MTOKA3HUKOM,
3apEECTPOBAHUM Y KJIITUHAX-CBiKaX MpHY iHAYKIIi MyX-
JIMHHO-1HAYKOBAHOTO e(MEKTy CBiaKa, L0 IMiATBEPAXKYE
NpaBOMIpPHICTh BUKJIAAEHOI HAMU BUILE AYMKHU ILIOAO0

blood cells from CLL patients (p < 0.01). Simple
chromatid-type aberrations (single fragments)
dominated the spectrum of chromosomal abnor-
malities in bystander cells with a group mean fre-
quency of 3.25 per 100 cells, which was higher
than in the tumor-induced bystander effect simu-
lation experiment. This indicates an increase in
chromosomal instability and the development of a
radiation-induced bystander effect in them.
Individual cytogenetic values of the frequency of
chromatid-type aberrations ranged from 2.40 to
3.86 per 100 metaphases and in all cases exceeded
the background level, which indicates the develop-
ment of a radiation-induced bystander effect in the
blood of all persons who participated in the exper-
iment. However, in two cases (2, 7) no significant
change in the level of chromatid-type aberrations
was observed compared to modeling tumor-
induced bystander effect.

The frequency of acentric double fragments was
1.62 per 100 cells, which exceeded the background
level, but was not significantly different from the
frequency in bystander cells when inducing a
tumor-induced bystander effect. This confirms the
validity of the opinion expressed above about the
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MOXOMXKEHHS YaCTUHM LUX IMOIIKOMIXKEHb BHACHiZOK
NOABIMHUX XpOMAaTUAHUX PO3PUBIB. AbDepallii 0OMiHHO-
ro tuny (aHomaJibHi MOHOLIEHTPUKM, AULEHTPUYHI i
KiJIbLIEBI XPOMOCOMM) B KJIiTMHaX-CBiIKax 3apeecTpo-
BaHi 3 YacTOTaMH, IO iCTOTHO HE BiIpi3HSIUCH Bif
KOHTPOJBHUX i HE 3ajieXan Bif cnoco0y KyJIbTUBYBaH-
Hs kiituH (p > 0,05).

OTtpuMaHi pe3ynbTaTy BKa3ylOTb Ha 3POCTaHHS XpO-
MOCOMHOI HeCTaOiTbHOCTI MpU B3a€EMOJil iHTaKTHUX
HOPMAaJIbHUX Ta OIPOMIHEHMX OHKOTpaHC(HOPMOBAHMX
KJIITUH KPOBI JIIOJIMHU BHACIiAOK PO3BUTKY padialliiiHO-
iHAYKOBaHOTO e(heKTy CBimKa.

Oco01BO1 yBaru 3aciayroBye HUTOTEHETUYHE AOCTia-
JKEeHHS JiMMOUMTIiB KpoBi XxBopux Ha B-kiituHHy XJIJI.
Lle 3ymMmOBI€HO BUKOPUCTAHHSIM IIPU BUKOHAHHI poO0THU
TPaAuIifHOTO HaIiBMiKpOMETOdy, 10 Ilepeadadyae
MITOT€HHY CTUMYJISALiI0 Maaux T-1iMGpOLUTIB, B SKHUX
BU3HAYAJIM LIUTOTCHETUYHI MOKa3HUKU. [Ipn po3BUTKY
B-xaitnanoi XJIJI T-aiMpounTit oTpruMyBaIn MOIIKOI -
KYIOUM CUTHan Bif MajirHizoBaHux B-iimdouuris,
TOOTO OYJIW KITITUHAMU-CBiIKAMU PO3BUTKY MyXJIWHHO-
iHmykoBaHoro edekTy cBigka [17, 18]. Pe3ynbsratu moka-
3a1u, 1o y xsopux Ha XJIJI cepenHborpymnoBsa yactora
abepaHTHUX KJIiTUH (3,08 %) i abepauiit xpomocom (3,18
Ha 100 MeTtacda3) nmepeBuUIlyBaJd 3HAYEHHSI KOHTPOJIIO
(p < 0,01) i He ManM CTAaTUCTUYHO 3HAYYLIOI Pi3HUL 3
BiAMOBIIHUMMHU MOKa3HUKAMM B JiM@oLUTax KpoBi 310-
POBUX OCi0 MpH iX KO-KyJIBTUBYBaHHI 3 KPOB’I0 XBOPUX
Ha XJIJI (p > 0,05), 1o BKa3ye Ha MiABUILEHY XPOMO-
COMHY HeCTaOiIbHICTh i MiATBEPIKYE PO3BUTOK B HUX
MyXJIMHHO-IHAYKOBAaHOTO e(eKTy CBiIKa in vivo. AHai3
CIIEKTPY 3apeecTpoBaHUX y JiMbounTax xBopux Ha XJIJI
MOIIKOIKEHb ITOKa3aB, 110 BOHW OyJMu IpeAcCTaBJEHi
OIMHOYHUMM (pparMeHTaMU, alleHTPUIYHUMHU (hparMeH-
TaMU Ta aHOMaJIbHUMH MOHOLIEHTPUKAMM, PiBHI SIKMX
He MaJIu CYTTEBOI Pi3HUILII 3 BiIMOBIIHUMHU MOKAa3HUKA-
MU, OTPUMaHUMHU B KPOBi 3MOPOBUX OCiO MPU PO3BUTKY
NyXJMHHO-iHIYKOBAaHOTO e(heKTYy CBiKa B yMOBaX in Vitro
(p > 0,05). InmuBimyanbHi yacToTH abeparliii XpoMaTUI-
Horo Tumny y xBopux Ha XJIJI 3Haxoaunuch B Mexax Bif
1,74 no 3,33 Ha 100 KJTiTUH Ta MEepPEeBUIILYBAIN TOKA3HU-
KM, 3apEECTPOBaHi B iHTAKTHUX JiM(MOLUTAX 300POBUX
oci0. OTpuMaHi pe3yabTaTd BKa3ylOTh Ha ITiIBUIICHY
XPOMOCOMHY HecTabinbHicTh B T-nmiMdoruTax nepude-
puyHOI KpoBi ocib, xBopux Ha XJIJI, 3a ix okpemoro
KyJIETUBYBaHHS, 110 CIIPUYMHEHO PO3BUTKOM Y HUX MY-
TaliAHOTO MPOLIeCy 3a paXyHOK OHKOJIOTiUHO-1HIyKOBa-
HOro e(MeKTy CBigKa BHACJiIOK BIUIMBY CUTHAJIIiB Bil
3J105IKiCHO TpaHC(pOpMoOBaHUX B-KJTiTHH.

Iutorenernunuii ananiz JITIK xBopux Ha XJIJI, omn-
pomiHeHux in vitro B 103i 0,50 Ip, mokasas, 110 9acToTa

origin of part of these damages due to double chro-
matid breaks. Aberrations of the exchange type
(abnormal monocentric, dicentric, and ring chro-
mosomes) were registered in bystander cells with a
frequency that did not differ significantly from the
control and did not depend on the method of cell
cultivation (p > 0.05).

The obtained results indicate an increase in
chromosomal instability under the co-cultivation
of intact normal and irradiated malignant human
blood cells due to the development of the radia-
tion-induced bystander effect.

Cytogenetic research of blood lymphocytes from
patients with B-cell CLL deserves special atten-
tion. This is due to the use of the traditional semi-
micro method, which involves mitogenic stimula-
tion of small T-lymphocytes, in which cytogenetic
parameters were determined. During the develop-
ment of B-cell CLL, T-lymphocytes received a
damaging signal from malignant B-lymphocytes,
i.e., to are bystander cells of the development of
the tumor-induced bystander effect [17, 18]. The
results showed that in CLL patients the mean
group frequency of aberrant cells (3.08 %) and
chromosome aberrations (3.18 per 100 metaphas-
es) exceeded the control values (p < 0.01) and did
not have a significant difference with the indica-
tors in lymphocytes blood from healthy individuals
when they are co-cultivated with the blood from
CLL patients (p > 0.05), which indicates increased
chromosomal instability and confirms the develop-
ment of a tumor-induced bystander effect in them.
The analysis of the spectrum of chromosomes
damage in the CLL patient’s lymphocytes showed
that they were represented by single fragments,
acentric fragments, and abnormal monocentrics,
the levels of which do not differ from the indicators
in the blood of healthy individuals under the
development of the tumor-induced bystander
effect in vitro (p > 0.05). Individual frequencies of
chromatid-type aberrations in CLL patients ranged
from 1.74 to 3.33 per 100 cells and exceeded the
values in intact lymphocytes of healthy individuals.
The obtained results indicate increased chromoso-
mal instability of peripheral blood T-lymphocytes
of CLL patients, which is caused by the develop-
ment of an oncology-induced bystander effect in
them due to the influence of signals from malig-
nantly transformed B-cells.

Cytogenetic analysis of irradiated in vifro in a
dose of 0.50 Gy PBL from CLL patients showed
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abGepaHTHUX KJITUH B HUX ckiagana 11,49 %. ¥ Bcix Bu-
najakKax OyJiu 3apeeCcTpOBaHi KJIIITUHU, 1110 MiCTUIN OiJlb-
11l OJHOTO ITOIIKOMKEHHS XpOMOCOM, BHACIIIOK YOTO
piBeHb abepaliiii xpomocoM gopiBHioBaB 12,36 Ha 100
MeTada3 i MepeBUINMB MOKAa3HUKKU Y TPYIi 3IO0POBUX
oci0 Ta y rpyni NOpiBHSIHHS 3 HEONPOMiHEHMX XBOPUX
Ha XJIJI (p < 0,001). AHami3 HUTOreHETUYHUX IMOKAa3-
HUKIB Y OKpeMUX BUMAAKax 3acBiIuMB, IO iHIUBiIYy-
aJIbHi YacTOTH abepalliil XxpOMOCOM 3HAXOIUUCh B Me-
xax Bing 11,00 go 14,00 Ha 100 meTadas i He 3aeKanu Bif
¢oHOBOI yacToTH abepaiiii xpomocoM. Yacrtora abe-
paliif XxpoMaTUIHOIO TUIY (OAMHOYHUX AlEHTPUUHMX
¢parmeHTiB) craHoBuia 5,12 Ha 100 MeTacas i nmepeBu-
IIyBaja IMOKa3HUKHM, 3apEECTPOBAHI Y HEOIPOMiHEHMX
kiitruHax oci6 3 XJIJI ta rpymi nopiBHsHHES (p < 0,01).
bepyuu o yBaru, 1110 MouKoKeHHS XpOMaTUIHOTO TH-
My € MapkKepamMyd XpOMOCOMHOI HeCTabiIbHOCTI i iX pi-
BEHb Yy JiM(oLUTaX KPOBi JIOAWMHU HE 3pOCTA€E MpU il
pamianii [22], MoXHa TIPUITYCTUTH, IO 3apPEECTPOBAHUN
HaMHu e(eKT € HacHiIKoM po3BUTKY B T-riMdpoumTax
KpoBi xBopux Ha XJIJI panmianilfiHo-iHIyKOBaHOTO ehek-
Ty CBiIKa Ha TJIi OHKOJIOTiYHO-iHAYKOBAHOIO eMeKTy
CBiJKa BHAC/IiIOK BIUIMBY ONPOMiHEHUX MaJirHizoBa-
Hux B-nimdouuTis.

Abepallii XpOMOCOMHOIO THUITY, III0 € MapKepamu il
iOHi3yI0UOT0 BUIIPOMiHIOBAHHS B KYJIBTYPi JiM(POLIUTIB
KpoBi monuHu Ha Gy cTafdii MIiTOTUYHOTO LMK, OyIn
MpeacTaBlIeHi alleHTPUYHUMU HapHUMM (pparMeHTaMu,
AHOMAJIbHUMM MOHOILICHTPUKAMM, TULIEHTPUIYHUMU Ta
KiJIbLIEBUMM XPOMOCOMAMHU. X cyMapHUil piBeHb cKila-
maB 7,24 wa 100 xmiTHH i TIepeBUIIyBaB MOKAa3HUK Y
JniMdouTax KpoBi 3MOPOBUX OCi0O i HEONMPOMiHEHUX
JiMmdponurax kposi ocio 3 XJIJI (p < 0,001). ITapni
alleHTpUYHI pparMeHTH cTaHOBMIM 61 % Bim KibKOCTI
3apeecTpoBaHUX aOepalii XpOMOCOMHOro Tumy i
3ycTpivanauch 3 yactotolo 4,44 na 100 metadas, 110 me-
peBUIIyBaja MOKAa3HUKWA HEONPOMiHEHUX TpYIl MOPiB-
HsaHHA (p < 0,05). PiBeHb aHOMaJIbHMX MOHOLIEHTPHUKIB
(TpaHcioKariii Ta inBepciit) cknagas 0,87 va 100 meTa-
¢a3 i nepeBuIIyBaB MOKa3HUK Y IPYIli YMOBHO 310POBUX
oci0 Ta HeolnpoMiHeHUX JiM@onnTax xBopux Ha XJIJI.
Cepen HecTabUIbHUX LMTONeHETUYHMUX MapKepiB il
panialii BUSIBJIEHO JULIEHTPUYHI i KiJIbLIEBI XPOMOCOMMU.
Ix cymapHuit pisenb craHoBuB 1,93 Ha 100 MeTadas, 1110
Y3TOIKYEThCA 3 MOKAa3HMKAMM, OTPUMAHUMM iHIITUMU
JOCHiTHUKAMM TIpU OMPOMiHEHHi JiM(MOLUTIB KpPOBi
JIIOAWHU B YMOBaXx in vitro B 103i 0,50 Ip [22, 23]. TakuMm
YUHOM, LMTOTEHETUUYHMI aHaji3 JiM(POIUTIB KPOBi
xBopux Ha XJIJI, onpominenux in vitro B 103i 0,50 Ip, 3a-
peECTpYBaB B HUX IiABUILEHUI piBEeHb MapkKepiB il
pamianii (abeparliii XxpOMOCOMHOTO THITY), IO BiIIOBi-

that the frequency of aberrant cells in them was
11.49 %. In all cases, cells with more than one chro-
mosomal damage were detected, as a result of which
the level of chromosomal aberrations was 12.36 per
100 metaphases and exceeded the frequency in the
group of healthy individuals and the comparison
group of non-irradiated PBL from CLL patients
(p <0.001). Analysis of individual cytogenetic indi-
cators showed that the frequency of chromosomal
aberrations ranges from 11.00 to 14.00 per 100
metaphases and does not depend on the back-
ground frequency of chromosomal aberrations. The
frequency of chromatid-type aberrations (single
acentric fragments) was 5.12 per 100 metaphases
and exceeded the rates in non-irradiated cells of
CLL patients and the control group (p < 0.01).
Given that chromatid-type damage is a marker of
chromosomal instability, and their level in human
blood lymphocytes does not increase under the
influence of radiation [22], it can be assumed that
the effect we registered is a consequence of the
development of a radiation-induced bystander
effect in T-lymphocytes of CLL patients against the
background of the tumor-induced bystander effect.

Aberrations of the chromosomal type, which are
markers of ionizing radiation of human blood lym-
phocytes at the G, stage of the mitotic cycle, were
represented by acentric double fragments, abnor-
mal monocentric, dicentric, and ring chromo-
somes. Their total level was 7.24 per 100 cells and
exceeded the level in PBL of healthy individuals and
non-irradiated PBL of CLL patients (p < 0.001).
Double acentric fragments accounted for 61 % of
the number of registered chromosomal-type aber-
rations that occurred with a frequency of 4.44 per
100 metaphases, which exceeded the indicators of
non-irradiated comparison groups (p < 0.05). The
level of abnormal monocentrics (translocations
and inversions) was 0.87 per 100 metaphases and
exceeded the rate in the group of healthy individu-
als and non-irradiated lymphocytes of CLL
patients. Dicentric and ring chromosomes were
found among the unstable cytogenetic markers of
radiation exposure. Their total level was 1.93 per
100 metaphases, which is consistent with the indi-
cators obtained by other researchers when irradiat-
ing human blood lymphocytes in vitro in a dose of
0.50 Gy [22, 23]. Thus, cytogenetic analysis of
irradiated in vitro in a dose of 0.50 Gy PBL of CLL
patients registered in them an increased level of
irradiation markers (chromosomal type aberra-
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JlaB OTpUMaHiil 1031 i0Hi3yI0UOT0 BUIIPOMiIHIOBaHHS, Ta
MapKepiB XpOMOCOMHOI HecTabiIbHOCTI (abepaliil xpo-
MaTUIHOTO THUITY), iHAYKOBAHUX BHACIIIOK CUHEPTi3My
PO3BUTKY OHKOJIOTIYHO- Ta palialiliHO-iHIyKOBAaHOIO
edeKTy cBiaka.

byno nociaigmkeHo MOXKIMBICTb PO3BUTKY €(DEKTY TTOpsi-
TYHKY y JTiMdormTax Kposi xBopux Ha XJIJI (HeommpomiHe-
HUX/ONPOMIHEHUX M Vitro) BHACIHIAOK BIUIMBY CUTHAJIB
3BOPOTHOTO 3B’S3KY Bifl iHTAKTHUX KJIITUH-CBiAKiB. [Tpu
LIMTOreHETUYHOMY aHaJli3i HEeONMPOMiHEHMX JiM(OLIUTIB
KpoBi xBopux Ha XJIJI 3a iX KO-KyJBTUBYBaHHS 3 J1iM(}O-
LIMTaMM 3I0POBUX OCiO BCTAHOBJIEHO, 1110 piBeHb abepalliit
XpoMocoM JopiBHIOBaB 3,35 Ha 100 MeTacas, craTucTuy-
HO 3Hauyllle He BiIpi3HSBCS Bill pe3y1bTaTy LIMTOTeHETUY -
HOTO aHaJjli3zy HEONPOMIiHEHUX TiM@OLINTIB XBOpPUX Ha
XJIJI 3a okpemoro KynsTuByBaHs (p > 0,05) Ta mepeBulLy-
BaB MOKAa3HMK TPyNU MOPiBHSIHHS 3i 3MI0pOBUX OCi0 (p <
0,05). Anani3 criekTpy 3apeecTpoBaHuX abepalliil XpoMo-
COM MOKAa3aB, 1110 BOHU OyJIi MPEACTaBIeHI ONMHOYHUMU
¢dparmeHTaMu, TApHUMU (hparMeHTaM1 Ta aHOMaJTLHUMU
MOHOIICHTPUKAMU 3 YaCTOTaMHU, 1110 CTATUCTUYHO 3HAUY-
Ille HEe BiAPi3HSIMCH Bil MOKAa3HWUKIB, OTPUMAHUX Y
BapiaHTi JOCTIiAy 3 OKpeMMM KYJIBTMBYBaHHSIM JTiMPO-
uuTiB KpoBi xBopux Ha XJUJT (p > 0,05). Po3kun inousimy-
QTbHUX YaCcTOT abepalliil xpoMaTuaHoro tvmy (Bin 1,79 no
3,48 na 100 metada3) BinmoBinaB Mexam KOJIMBaHb IIbOTO
MOKa3HWKA TIPU OKPEeMOMY KYJIBTMBYBaHHi JIiM(OLIUTIB
Kposi xBopux Ha XJIJI. TakuM uymHOM, OTpUMAaHi pe3yib-
TaTW 3aCBiMYWIM BiICYTHICTb BIUIMBY KJIiTUH KPOBi YMOB-
HO 3II0POBHUX 0Ci0 Ha LIUTOTeHETUYHI ITOKA3HUKHU B HEOII-
poMiHeHuX JdimMdornurax xBopux Ha XJIJI 3a yMoB ix
CYMIiCHOTIO KyJBTMBYBaHHS, 110 BKa3ye Ha BiICYTHIiCTb
IHIYKILiT e(heKTy MOPSTYHKY.

IluToreHeTMYHMIA aHaJli3 OMPOMIHEHUX in Vitro B 103i
0,50 Ip mimdouuriB kpoBi xBopux Ha XJIJI 3a iX Ko-
KyJIBTUBYBaHHS 3 JiM(MOLUMTAMU YMOBHO 3I0POBHUX OCi0
MoKa3as, 1110 YacTOTa aOepaHTHUX KJIITMH B HUX CTaHO-
Buia 8,35 Ha 100 meTtaas, piBeHb abepalliii XpoMOCOM
nopiBHIOBaB 9,09 Ha 100 Meracdas. BkazaHi moka3HUKHU
Oyl HIDKYMMU 3a pe3ysibTaTd, OTpUMaHi MpU LUTOTe-
HETUYHOMY aHaJli3i OMPOMIHEHUX JiMQOIUTIB XBOPUX
Ha XJIJI mpu ix okpemoMy KyasTuByBaHHi (p < 0,05), x0-
ya TepeBUIIyBaJIM BiAINOBiAHI JaHi TPyINu MNOPiBHSHHS,
110 cKJaganach 3i 3mopoBux ocid (p < 0,05). 3HMXKEHHS
piBHS abepalliif XxpoMOCOM B ONMPOMiHEHUX JiM@onnTax
KpoBi xBopux Ha XJIJI 3a cyMiCHOro KyJ1bTMBYBaHHS 3
nTiM@oIrTaMu 3M0POBUX OCI0O BigOyBasocs 3a paxyHOK
3MEHIIEHHS YacTOTU abepaliil XpoMaTUIHOTO THUITY
(omuHOYHMX parMeHTiB) 3 5,12 no 2,64 Ha 100 kniTvH
(p < 0,001). byno 3apeecTpoBaHO 3HUXEHHS iHAUBIMY-
aJlIbHMX 3HaYeHb YaCTOTU abepalliil XpOMaTUIHOTO TUITY

tions), which corresponded to the received dose of
ionizing radiation, and markers of chromosomal
instability (chromatid type aberrations), induced
as a result of the development of the tumor- and
the radiation-induced bystander effect.

The possibility of the rescue effect development
in the blood lymphocytes from CLL patients
(unirradiated/irradiated in vitro) due to the influ-
ence of feedback signals from bystander cells was
investigated. The level of chromosomal aberrations
in non-irradiated blood lymphocytes from CLL
patients when co-cultivated with lymphocytes
from healthy individuals was 3.35 per 100
metaphases, did not differ from the result of
their separate cultivation (p > 0.05) and exceed-
ed the indicator in the group of healthy individ-
uals (p < 0.05). Analysis of the spectrum of chro-
mosome aberrations showed that they were repre-
sented by single fragments, double fragments, and
abnormal monocentrics with frequencies that did
not differ from the indicators under the separate
cultivation of blood lymphocytes of CLL patients
(p > 0.05). A scattering of individual frequencies of
chromatid-type aberrations (from 1.79 to 3.48 per
100 metaphases) corresponded to the limits of
fluctuations of this indicator under separate culti-
vation of blood lymphocytes of CLL patients.
Thus, the absence of influence of blood cells from
healthy persons on cytogenetic indicators in non-
irradiated lymphocytes from CLL patients under
their co-cultivation was established, which indi-
cates the absence of the rescue effect.

Cytogenetic analysis of blood lymphocytes from
CLL patients irradiated in vitro in a dose of 0.50 Gy
under their co-cultivation with lymphocytes of
healthy individuals showed that the frequency of
aberrant cells in them was 8.35 per 100 metaphases,
the level of chromosomal aberrations was equal to
9.09 per 100 metaphases. These indicators were
lower than the results of cytogenetic analysis of irra-
diated lymphocytes of CLL patients during their
separate cultivation (p < 0.05), although they
exceeded the corresponding data of the comparison
group of healthy individuals (p < 0.05). The decrease
in the level of chromosomal aberrations in the irra-
diated blood lymphocytes from CLL patients when
co-cultivated with lymphocytes from healthy indi-
viduals occurred due to a decrease in the frequency
of chromatid-type aberrations (single fragments)
from 5.12 to 2.64 per 100 cells (p < 0.001). A de-
crease in individual values of the frequency of chro-
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y Oinbimocti BumankisB mociimy (9, 10, 12, 13, 14)
MOPIiBHSHO 3 JTaHUMHU, OTPUMAHUMHU IIPU OKPEMOMY
KyJIBTUBYBaHHI OIPOMiHEHUX JIIM(POIIUTIB KPOBi XBO-
pux Ha XJIJI. I1pu npomy y Bumnankax 8, 11 psatyBaib-
Horo edeKkTy He 3apeecTpoBaHo, a y Bunaakax 10, 12,
13, 14 yacToTa abepalliii XxpOMaTUAHOTO TUIY, HE Majla
CTAaTUCTUYHO 3HAYYIIOi Pi3HUII 3 (PDOHOBUM piBHEM
LIMX MOIIKOMXEHb y KJIiTUHAX KpoBi xBopux Ha XJLJI
(p > 0,05). ITomkomKkeHHSI XpPOMOCOMHOTO TUITY CKJIa-
Janu mepeBaxkHy OumbinicTh (71 %) 3apeecTpoBaHUX
abepalliii XxpoMOCOM, 1110 MIpUTaMaHHO [JISI padialliii-
HO-iHIYKOBaHOro MyTalliifHOro mpolecy. Bonu oynu
MpencTaBiIeHi TapHUMU parMeHTaMK, aHOMaJIbHUMU
MOHOIEHTPUKAMU, TULIEHTPUYHUMU i KiJTbLIEBUMU XPO-
MoOcoMaMH. [X piBeHb He 3a1exXaB Bizl CIIOco6y KYJIBTH-
BYBaHHSI OIIPOMiHEHMX JIiM(OLIUTIB KPOBi XBOpUX Ha
XJIT (p > 0,05).

TakuM 4MHOM, MIPU CYyMiCHOMY KYJbTMBYBaHHi OIl-
pomiHeHux in vitro B 103i 0,50 Ip mpimdounTiB KpoBi
oci0, xBopux Ha XJIJI, 3 miMmdporuraMmu 3m10poBUX 0Ci0
OyJ10 3apeecTpoBaHO ePeKT MOPSTYHKY.

BHUCHOBKU

3a yMOB CyMiCHOTO KyJIbTUBYBaHHS JIiM(POLIMTiB KPOBi
3[I0pOBUX OCi0 3 KJIITMHaMU XBOPUX Ha B-KIiTMHHY
XJIJI (HeommpoMiHEeHMMM,/OIIPOMIHEHUMU M Vitro) BCTa-
HOBJIGHO HACTYITHI LMTOreHETUYHi IIpOsIBU YHiBep-
caJlbHOTO (peHOMEeHY e(eKTy CBigKa:

» vy T-nimpountax xBopux Ha B-xnitunny XJIJI Ta
JITIK 310poBHX 0Ci® Mpu CyMiCHOMY KYJIBTUBYBaHHi 3
KpoB’1o xBopux Ha XJIJI crmocrepiraeTbcsl po3BUTOK
MyXJIMHHO-IHAYKOBaHOTO e(eKTy cBifaka (in vivo Ta in
Vitro BiATIOBIAHO), LIMUTOTEHETUYHUM MPOSIBOM SIKOTO €
migBMIlleHa YacToTa abepaliil XpOMaTUAHOTO TUITY
(omMHOYHUX (DparMEHTIB);

» B olpoMiHeHuX in vitro B 103i 0,50 Ip T-nimdporu-
Tax KpoBi ocib, xBopux Ha B-knitunny XJIJI, ta JITIK
3J0pPOBUX OCi0 NMpU B3aEMOJil 3 ONPOMiHEHUMU OH-
KOTpaHC(OPMOBAaHMMHU KJIITUHAMU 3apEECTPOBAHO
PO3BUTOK palialliiiHO-iHAYKOBaHOIO e(eKTy CBilKa
(in vivo Ta in vitro BimmoBigHO). PiBHi abepailiii xpo-
MaTUIHOTO TUITY TIepeBUIIYBaIM TaKi y BapiaHTaX Jd0-
CJTiy 3 MOACTIOBAHHS ITyXJIMHHO-1HIYKOBAHOTO e(heK-
Ty CBiZIKa, 1110 MOXE CBITYUTH MPO CUHEPTi3M 11X (pe-
HOMEHiB;

» B OlpOMiHeHUX in vitro T-ngiMmdoluTax KpoBi ocio,
xBopux Ha B-xnituHny XJIJI, npu cyMiCHOMY KyJIbTH-
ByBaHHi 3 JITIK 310poBUX 0Ci0 iHAYKYETHCS €(DEeKT MOo-
PSATYHKY, 11O IIPU3BOAUTH A0 3HMKEHHS PiBHSI XpOMO-
COMHOI HeCTa0iIbHOCTI B ONIPOMiHEHMX KJTITUHAX.

(1) 260

matid-type aberrations was registered in most cases of
the experiment (9, 10, 12, 13, 14) compared to the
data obtained during separate cultivation of irradiated
blood lymphocytes from CLL patients. At the same
time, in cases 8, and 11, no rescue effect was regis-
tered, and in cases 10, 12, 13, and 14, the frequency of
chromatid-type aberrations did not have a statistically
significant difference with the background level of
these damages in the blood cells of patients with CLL
(p > 0.05). The vast majority (71 %) of registered chro-
mosome aberrations were of the chromosomal type of
damage, which is characteristic of the radiation-
induced mutational process. They were represented by
double fragments, abnormal monocentrics, dicent-
rics, and ring chromosomes. Their level did not de-
pend on the method of cultivation of irradiated blood
lymphocytes from CLL patients (p > 0.05).

Thus, under the co-cultivation of blood lympho-
cytes from CLL patients irradiated in vitro in a dose
of 0.50 Gy with lymphocytes from healthy individu-
als, a rescue effect was registered.

CONCLUSIONS

The following cytogenetic manifestations of the uni-
versal phenomenon of the bystander response were
established under the conditions of co-cultivation of
blood lymphocytes of healthy individuals with cells of
B-cell CLL patients (unirradiated/irradiated in vitro):
» in T-lymphocytes of patients with B-cell CLL and
PBL from healthy people when co-cultivated with
the blood from CLL patients, the development of a
tumor-induced bystander effect was observed (in
vivo and in vitro, respectively), the cytogenetic man-
ifestation of which was an increase in the frequency
of chromatid-type aberrations (single fragments);

» in T-lymphocytes of the blood from B-cell CLL
patients irradiated in a dose of 0.50 Gy in vitro and
PBL of healthy individuals when co-cultivated with
irradiated malignant cells the development of a
radiation-induced bystander effect (in vivo and in
vitro, respectively) was registered. The levels of
chromatid-type aberrations exceeded those in vari-
ants of the tumor-induced bystander effect experi-
ment, which may indicate the synergism of these
phenomena;

» in irradiated in vitro blood T-lymphocytes from
B-cell CLL patients, when co-cultivated with PBL
from healthy individuals, a rescue effect was
induced, which led to a decrease in the level of chro-
mosomal instability in irradiated cells.
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