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JOCHIIZKEHHSA BIUIMBY IOHI3YIOUOI PATIALIII HA PIBEHD
XPOMOCOMHOI HECTABIJIBHOCTI B COMATUYHUX
KIITUHAX JTIOAUHUA ITPU PO3BUTKY ITYXJIMHO-
IHIYKOBAHOI'O EQEKTY CBIJIKA

MeTa: BU3HAYMTV BNAUB ONPOMIHEHUX iN Vitro KNiTUH KPOBi NaLi€eHTiB 3 B-KNiTUHHOO XpOHiYHO NiMdouuTapHoto neii-
kemieto (XJ1J1) Ha piBeHb XpPOMOCOMHOT HecTabinbHoCTi B nimdouuTax nepudepuyroi kposi (JINK) 3goposux ocié npu
PO3BUTKY NYyXJAUHO-1HAYKOBAHOTO edekTy CBifKa.
Marepianu i meTopu. 3actocoByBanu okpeme Ta cninbHe KynbTMBYBaHHSA JIMK 300poBux oci6 (KNiTMHW-CBIAKM) 3 KNi-
TUHaMM KpoBi nauieHTiB 3 XJ1JI, onpomiHeHnmu in vitro Ha Go cTapii kKNiTMHHOTO LUKy Y-kBaHTamu “’Cs B po3i 0,5 p
(KNiTUHM-THBYKTOPK). [iNA CyMicHOrO KyNnbTUBYBAHHSA KNiTUH BUKOPUCTOBYBANW BAACHY MOAENbHY CUCTEMY CMiNIbHOMO
kynbTuByBaHHSA JINK pi3HocTaTeBMX 0Ci6, po3pobeHy ans fOCnifKeHHs edeKTy CBiAKa HA LUTOreHeTUYHOMY piBHi.
MpoBoaUAW aHani3 piBHOMipHO 3abapBiIEHUX XPOMOCOM 3 TPYNOBUM KapioTUNyBaHHAM. Bu3Hayanu yactoty Xpomo-
COMHMX abepaliit B KNiTMHaxX-iHOYKTOpax Ta KNiTUHax-CBifKax.
Pesynbratu. BctaHoBuam, wo npu cymicHomy kynstuByBaHHi JIMK 350poBux 0ci6 3 onpoMiHEHUMU KNiTUHAMK KPOBI
nauieHTis 3 XJIJ1 cepeaHborpynosa yactota abepaliii xpomocom B kniTuHax-ceigkax (5,18 + 0,51 Ha 100 meTactas)
CTAaTUCTUYHO 3HauyLLe NepeBuLLMNa AK ix HOHOBUI piBeHb, BU3HAYEHUI NPU OKpEMOMY KynbTuByBaHHI (1,52 + 0,30 Ha
100 metadas, p < 0,001)), TaK i Le NOKA3HUK NPU KO-KYNbTUBYBAHHI KNiTUH-CBifKiB 3 HEONPOMIHEHUMMW KNiTUHAMM
kpoBi nauieHTiB 3 XJIJ1 (3,31 + 0,50 Ha 100 meTadas, p< 0,01).
BucHoBku. CymicHe KynbTMBYBaHHA ONPOMIHEHWX in Vitro KNiTUH KPOBi nauieHTiB 3 B-kniTunHoto XJ1J1 3 nimdountamu
neputhepuyHoi KpoBi YMOBHO 3[40pOBUX OCIO NpU3BOAUTL A0 NifBULUIEHHSA PiBHA XPOMOCOMHOT HecTabinbHOCTI B
KNiTUHAX-CBiiKax BHACNI[OK CUHEPri3My MiX NyXNMHO-IHAYKOBAHWUM Ta pafiauiiHo- iHAYKOBAHMM edeKTaMm CBifKa.
KntouoBi cnoBa: nimdountn nepucdepnyHoi Kposi NIOANHK, B-KNiTMHHO XpOHiYHA NiMdouMTapHa NelikeMis, 10Hi3yto-
ya papgiauis, XpoMOCOMHA HecTabiNbHiCTb, NYXNMHO-IHAYKOBAHMI eeKT CBiaKa.
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STUDY THE EFFECTS OF IONIZING RADIATION ON THE LEVEL
OF CHROMOSOME INSTABILITY IN HUMAN SOMATIC CELLS
DURING THE DEVELOPMENT OF TUMOR-INDUCED BYSTANDER
EFFECT

Objective: to determine the impact of the irradiated in vitro blood cells from patients with B-cell chronic lymphocyt-
ic leukemia (CLL) on the level of chromosomal instability in peripheral blood lymphocytes (PBL) from healthy per-
sons during the development of tumor-induced bystander effect.
Materials and methods. Separate and joint cultivation of PBL from healthy persons (cells-bystanders) together with
blood cells from CLL patients irradiated in vitro at the Go stage of the mitotic cycle by y-quanta **’Cs in a dose of
0.5 Gy *Cs (cells-inductors) was used. For joint cultivation our own model system for co-cultivation of PBL from
individuals of different sex, designed by us to investigate the bystander effects at the cytogenetic level was used.
Traditional cytogenetic analysis of uniformly painted chromosomes with group karyotyping was performed. The fre-
quency of chromosome aberrations in cells-inductors and cells-bystanders as the markers of chromosome instabili-
ty were determined.
Results. Found that at co-cultivation of PBL from healthy individuals with irradiated blood cells from CLL patients
the middle group frequency of chromosome aberrations in the bystander cells (5.18 + 0.51 per 100 metaphases,
p<0.001) was statistically significant higher than its background level determined at a separate cultivaton (1.52
+0.30 per 100 metaphases), and at co-cultivation with non-irradiated blood cells from CLL patients (3.31 + 0.50 per
100 metaphases, p<0.01).
Conclusions. Co-cultivation of in vitro irradiated blood cells from CLL patients with PBL from healthy persons leads
to anincrease in the level of chromosome instability in the bystander cells due to synergism between tumor-induced
and radiation-induced bystander effects.
Key words: human peripheral blood lymphocytes, B-cell chronic lymphocytic leukemia, ionizing radiation, chromo-
somal instability, tumor-induced bystander effect.
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BCTYII

o mposBiB yHiBepcajibHOro ¢eHoMeHy bystander
response SIK BilMOBiJi HOPMaJIbHUX KJIiTUH-PELIMITIEHTIB
Ha B3a€EMOIII0 3 MOIIKOMKEHNMH KIITUHAMU-IOHOPAMU
HaJiexaTb pafialiiiHO-iHIyKOBaHMIA Ta MyXJIUHO-1HAYKO-
BaHU#l edekTn cBigka (radiation-induced Ta tumor-
induced bystander effects — RIBE ta TIBE BiamosigHo),
SIKi BiflirpaloTh CYTTEBY POJIb Y PO3BUTKY OHKOJIOTIYHOI
naTosorii moaunu [ 1—3]. BBaxatots, o RIBE 36inbirye
pusuK ii BuHUKHeHHs1, TIBE crnipusie peanizauii BTopuH-
HUX 3JI0SIKiCHMX HOBOYTBOPEHb Y OHKOJIOTIYHMX XBOPHX,
a CyMiCHUI e HOTOKCUYHUWI BIUIMB IIpU peanizallil 00ox
e@eKTiB MOXe iCTOTHO OOTSIKYBaTH TTPOTHO3 IIJIT CTaHY
3[0POB’s i MOJAIBIIIOrO BUXKUBAHHS TAKMX IMALLIEHTIB, 110
MOTPeOY€E PETEIBHOTO BUBYEHHS UISI PO3KPUTTSI MEXaHi3-
MiB BUHMKHEHHSI BTOPMHHUX ITyXJIMH pajialliiiHOTO reHe-
3y BHACJIiIOK IMPOMEHEBOI Teparlii OHKOXBopux [3—5].

P« Mariya A. Pilinska, e-mail: pww@ukr.net

INTRODUCTION

To the manifestations of the universal phenome-
non of bystander response as the response of nor-
mal cells-recipients to the interaction with dam-
aged cells-donors belong radiation-induced and
tumor-induced bystander effects (RIBE and
TIBE, respectively), which play an essential role in
the development of human cancer [1-3]. It is
believed that RIBE increases the risk of its occur-
rence, TIBE promotes the realization of secondary
malignancies in cancer patients and the combined
genotoxic exposure of both effects may significant-
ly complicate the prognosis for the health and sub-
sequent survival of such patients, which requires
careful study to uncover the mechanisms of the
occurrence of secondary tumors due to radiation
therapy of cancer patients [3—5].
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Ockinbku xapaktepHoro o3Hakowo RIBE Tta TIBE €
3pOCTaHHSI PiBHSI F€HOMHOI HecTabiJIbHOCTI B KJIiTU-
Hax-cBinKax, HaMu 3 2018 p. TOCTiIKYIOThCS HACTIIKNA
B3a€EMOJIil MiX 3J0IKiCHUMU (HEONPOMiHEHUMU YU
OIPOMiIHEHMMM) Ta HOPMaJIbHUMM COMATUIHUMU
KJIITUHAMU JIFOIVHHU 33 IUTOreHETUIHUMH ITOKa3HUKA-
MU CTabiIbHOCTI TeHOMY. SK iHmyKkTOp bystander cur-
HaJly BUKOPUCTOBYIOThCSI MaJIiTHi30BaHi KJIITUHU KPOBi
XBOpMX Ha B-KJIITMHHY XpOHiIYHY JiM(bOLIMTapHY JIeii-
kemito (XJUJT), K KIIITUHU-pEUUMIEHTU (CBiOIKWA) —
HopMaJbHI JiMpounTtn neprudepnaHoi kposi (JITTK)
YMOBHO 310poBUX 0¢i0 |6, 7]. st BUBHAYEHHST HACTi/I-
KiB B3a€EMOJii MiXX UMMM KJIiTUHAMU 3aCTOCOBYETHCS
BJIaCHA MOJIEJIbHA CUCTEMa CIILHOIO KYJIBTHBYBaHHS
JITIK, ogepxkaHux Bim ocid pi3HOIi crarti [8] .

Ha nepmiomy etani mociiikeHb BCTAHOBJIEHO, IO
CyMiCHE KyJbTMBYBaHHS iHTAKTHUX KJIiITMH KPOBi XBO-
pux Ha XJIJI 3 JITTK 3p0poBHX 0OCi0 MPU3BOIAUTH A0
OigBUILEHHSI PiBHSI XPOMOCOMHOI HeCTaOiIbHOCTI B
KJIITUHAX-CBiIKaX, sIKE € MPOSBOM ITyXJIMHO-iHIYKO-
BaHoOro edekTy cBinka [7].

META

MeTolo mpencrtaBieHoi myOjdikallii € BU3HAYEHHS
BIUIMBY KJIITUH KpoBi maiieHTiB 3 XJIJI, onmpoMiHEeHUX
v-kBantamu “’Cs in vitro, Ha piBeHb XPOMOCOMHOI
HecTtabiuibHOCTi B JITIK 310poBuX 0Ci® mpu pO3BUTKY
MyXJIMHO-1HAYKOBAHOTO e()eKTy CBimKa.

MATEPIAJIN TA METOJIU TOCJILI2KEHDb
[1s1 BUKOHAHHST JOCJiIXXKEHb C(hopMyBaJiu JIBi TpyIu
CIIOCTEPEXKEHHSI.

o rpynu MOopiBHSIHHS BKJIIOYMINA 7 YMOBHO 30pO-
BUX BOJIOHTEPIB 3 HEOOTSI>KEHMM aHAMHE30M (5 XKiHOK,
2 4OJI0BIKiB), 6 3 IKUX — JIIOAU CepeaHbOro Biky (36—59
POKiB), ogHa ocoba — JITHBOro BiKy (69 pokiB). Bci
00CTeXXEeHi 3arepevyBajii CBiIOMUIA KOHTAKT 3 iOHi3y-
04010 pajialli€lo Ta iHIIMMK MyTareHHUMUW YMHHUKA-
Mmu. B rpyny OHKOXBOpMX BKJIIOUMIM 7 OCi0 3 JgiarHo-
3oMm B-knitunna XJIJI (5 4osoBiKkiB, 2 XiHOK), JIBOE 3
HUX — JIIOAU CepeaHbOrOo BiKy (45 Ta 55 poKiB BiIMOBiA-
HO), 5 — moau nitHboro Biky (61—71 pik). [TauienTu 3
XJIJT mpoxomuan MenudHe OOCTesKeHHS B IMOJTIKITiHIIIi
HHIIPM a6o y BimmineHHi pamialiiiiHOi reMaToJIorTii
IHcTuTyTY KniHiyHOI pamiosorii HHIIPM. 3abip Be-
HO3HOI KpPOBi B YCiX MaLi€HTIB 3AilCHIOBAIN A0 MOYaT-
Ky JikyBaHHs. Ocobn 3 000X rpyIr Opajy y4yacTh B 100-
POBIJIBHUX ILIMTOTEHETUYHUX OOCTEXEHHSX IIiCs
MiamucaHHs iHhOPMOBaHOI 3rOIN.

3rigHo 3 aJITOPUTMOM KJIACUYHOTO IIUTOTEHETUIHOTO
tecty Go-radiation sensitivity assay, 3pa3ku KpoBi, ofep-

As the characteristic feature of RIBE and TIBE is
an increase in the level of genomic instability in
bystander cells, since 2018 we are investigating the
effects of the interaction between malignant (non-
irradiated or irradiated) and normal human somatic
cells by cytogenetic indicators of genome stability.
As the inductor of the bystander signal malignant
blood cells of patients with B-cell chronic lympho-
cytic leukemia (CLL) are used, as recipient cells-
bystanders normal peripheral blood lymphocytes
(PBL) from conditionally healthy individuals are
applied [6, 7]. To determine the consequences of the
interaction between these cells the own model sys-
tem for the co-cultivation of PBL obtained from
individuals of different sexes is used [8].

In the first phase of our studies it was found that
the co-cultivation of the intact blood cells from CLL
patients with PBL of healthy subjects leads to an
increase in the level of chromosome instability in the
bystander cells, which is a manifestation of the
tumor-induced bystander effect [7].

OBJECTIVE

The aim of the presented publication is to determine
the impact of the irradiated in vitro by "’Cs y-quan-
ta blood cells of CLL patients on the level of chro-
mosome instability in the PBL of healthy persons
during the development of tumor-induced bystander
effect.

MATERIALS AND METHODS
Two groups of observations were formed to perform
the research.

The group of comparison consisted from 7 condi-
tionally healthy volunteers with unburdened anam-
nesis (5 female, two male), 6 of them were middle-
aged (36—59 years old), one was elderly (69 years
old). All persons denied conscious contact with ion-
izing radiation and other mutagenic factors. The
group of onco-patients included 7 persons diagnosed
with B-cell CLL (5 male, two female), two of them
were middle-aged (45 and 55 years respectively) and
5 were elderly (61—71 years). CLL patients under-
went medical examination in the NRCRM polyclin-
ic or in the radiation hematology department of the
NRCRM. Venous blood was collected from all CLL
patients prior to treatment. Individuals from both
groups participated in voluntary cytogenetic exami-
nations after informed consent was signed.

According to the classic cytogenetic Go-radiation
sensitivity assay algorithm, whole blood samples from

355 ®



EKCMNMEPUMEHTAJIbHI

AOCNIAXKEHHA

ISSN 2304-8336. [Npobnemu pagiaiiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2020. Bun. 25.

kaHi Bin maiieHTiB 3 XJIJI, onmpomiHIOBaIn y-KBaHTaMU
¥Cs (BunpoMinioBau IBL-237C, moty:xHicTb 2,34 I[p/xB)
B 103i 0,5 [p 10 mouaTKy Ky/JIETUBYBaHHS.

I1Ipu mpoBeneHHI UMTOTeHETUYHUX JOCTIIKEHb 3aCTO-
COBYBAJIM 3arajJbHOIPUIHSATE OKpeMe KYyJIbTUBYBaHHS
JITIK moauHu Ta cyMicHe KyJabsTuByBaHHs JITIK ymoBHO
3[I0pPOBUX OCi0 3 ONMPOMiHEHUMMM KJIiTUHAMM KPOBI Malli-
enTiB 3 XJIJI. 1151 cyMiCHOTO Ky/IBTUBYBaHHSI BUKOPUCTO-
BYBaJIM PO3pO0JIEHY HAMM BJIaCHY EKCITEPUMEHTATbHY MO-
Jefab Ui BUBYEHHS pajialliifHO-iHIyKOBaHOIO e(heKTy
cBinka [8]. B 3MimmmanHmx KyasTypax KpPoB BiJl KOXKHOI YMOB-
HO 3I0POBOI 0COOM KO-KYJIBTUBYBAJIU 3 KPOB’I0 OHOTO 3
nauieHTiB 3 XJIJI mpotunexHoi ctari. KiliTMHU-CBiAKY Ta
KIITUHU-IHAYKTOPYM PO3PI3HSUIM 3a HASIBHICTIO 4M
BiICYTHICTIO CTaTeBOI YOJIOBIiUOI XpOMOCOMH Y.

Js1 IMTOreHeTUYHOTO aHaJli3y rerapuHi30BaHy BEHO3HY
KpoB (110 ~0,3 M1 Bix KOXXHOI 0COOM Pi3HOI CTaTi B 3Millla-
HUX KYJbTypax) KyJbTMBYBaIu 3a HaIliBMiKpOMETOIOM Y
Hamriit Momudikamii. Oxpemy um cyMmicHY Kynsrypy JITTK
iHKYOyBaJIM B KMBUJIbHOMY cepenouili RPMI 1640 3
L-rmotaminoM (Sigma, USA) 6e3 eMOpioHa/IbHOI TeJIsT401
CUPOBAaTKM Ta aHTUOIOTUKIB, 3 (hiTOreMaralioTUHIHOM
(PHA, Difco-P, Sigma, USA) Briponos:x 48 ronuH (ocTaHHi
2 ronuHu — 3 komeminoM; Colcemid, Sigma, USA), 1o
JIO3BOJISIIIO aHAJIi3yBaTU KIIITUHU I€PEBaKHO MEPIIOro
KyJIBTYpajabHOro MiTo3y. Ilicisl rinmoTroHiyHOi 0OpoOKu
(0,075 M pozunom KCl) i ¢pikcariii (aOComoTHIM eTaHO-
JIOM Ta JIbOASHOIO OLITOBOIO KUCJIOTOIO Y CITiBBiTHOIIIEHHI
3: 1) onep:xyBaiu (hikCOBaHi KJIITUHHI 0caau, sIKi 30epiraau
Y MOPO3WIbHI Kamepi ripu Temrieparypi minyc 20 °C go Mo-
MEHTY IIPUTOTYBaHHSI TIperapariB MeTaa3HUX XPOMOCOM.

ITpenapatu metagazHux XxpoMocoM apOyBaiv OapBHU-
koM l'im3a (Giemsa stain, Merck, Germany) [1s TpoBeIeH-
HS1 TPAOWLIITHOrO LUTOr€HETUYHOIO aHasli3y PiBHOMipHO
3a0apBJIEHUX XPOMOCOM 3 IPYIIOBUM KapiOTUITYBAHHSIM.

LluToreHeTMYHMIT aHasli3 MPOBOAWIM «BCJIITy», Ha 3a-
mm¢poBaHUX Mpernaparax, Mg MiKpockonmamu 3i 30iu1b-
meHHsaM x 1000. JlemmdpoBKy pe3ybraTiB BUKOHYBAIU
MicJisl 3aKiHUEHHSI XPOMOCOMHOTIO aHaJli3y BCiX KJITUMHHUX
Kyasryp. [Ipy nuToreHeTMUHOMY aHai3i BpaXxoBYBaIu ade-
paiii XxpoMaTUIHOrO (OAMHOYHI alleHTPUYHI (hparMeHTH,
XpOMATUAHI OOMiHM) Ta XPOMOCOMHOIO (BiJIbHi MapHi
¢dparMeHTH, alleHTPUYHI KiJTbIIS, ULIEHTPUYHI Ta KiTbIIEBI
XpOMOCOMM, aHOMAaJIbHi MOHOIIGHTPUKM) THIIIB, SIKi
BipOTiTHO MOXHa PO3ITi3HATH MIPU TPYITOBOMY KapiOTUITY-
BaHHiI Ha piBHOMipHO MogapboBaHUX MperapaTax MeTa-
(a3HIX XPOMOCOM.

JIst KOXXHOI TOYKM JOCTiNy po3paxoByBalil BiICOTOK
abepaHTHUX MeTada3 Ta YaCTOTy abepalliii XpOMOCOM Ha
100 metacdas. JlaHi Mo OKpeMHMX TOYKax [IOCJimy
00’emHYBaJIM B TPYNU BIiAIOBITHO IO AW3aitHYy IOCIim-

CLL patients were irradiated with ’Cs y-quanta
(IBL-237C emitter, power 2.34 Gy/min) at a dose
of 0.5 Gy prior to culturing.

In the course of cytogenetic studies the com-
monly accepted separate cultivation of human
PBL and co-cultivation of PBL from healthy per-
sons with irradiated blood cells of CLL patients
were used. For co-cultivation our own experimen-
tal model for study the radiation-induced
bystander effect was used [8]. In mixed cultures
blood from each conditionally healthy individual
was co-cultured with the blood of one from CLL
patients of the opposite sex. Cells-bystanders and
cells- inductors were distinguished by the presence
or absence of the sexual male chromosome Y.

For cytogenetic analysis, heparinized whole
venous blood (~0.3 ml from each individual of dif-
ferent sex in mixed cultures) was cultured by semi-
micromethod in our modification. Separate or
joint PBL cultures were incubated in RPMI 1640
with L-glutamine (Sigma, USA) without embry-
onic calf serum and antibiotics, with phytohemag-
glutinin (PHA, Difco-P, Sigma, USA) for 48 hours
(last 2 hours with Colcemid, Sigma, USA), which
allowed to analyze cells mainly from the first cul-
ture mitosis. After hypotonic treatment (0.075 M
KCI solution) and fixation (absolute ethanol and
glacial acetic acid in a ratio of 3 : 1) fixed cell sedi-
ments were obtained, which were stored in the
freezer at minus 20 °C until slides of metaphase
chromosome were prepared.

The slides were stained with Giemsa dye (Merck,
Germany) for traditional cytogenetic analysis of
uniformly painted chromosomes with group kary-
otyping.

Cytogenetic analysis was performed «blindly» on
encrypted slides, under microscopes with magnifi-
cation x 1000. The decryption of the results was
performed after the end of chromosomal analysis
of all cell cultures. In cytogenetic analysis the
aberrations of chromatid (single acentric frag-
ments, chromatid exchanges) and chromosome
(free double fragments, acentric rings, dicentric
and ring chromosomes, abnormal monocentrics)
types were taken into account, which can probably
be recognized by group karyotyping on uniformly
stained preparations of metaphase chromosomes.

For each experiment point the percentage of aber-
rant metaphases and the frequency of chromosome
aberrations per 100 metaphases were calculated. Da-
ta for individual points of the experiment were com-
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>KeHHS 3 MOJATbIINM PO3pPaxyHKOM CepeIHbOrpyHOBUX
3HAYEHb i CTATUCTUYHUX MOXUOOK. 3HAXOAUIN PiZHULIIO
MDX CepelHIMU 3HAYEHHSIMU B OKPEMUX BapiaHTax J0-
caimxkeHHs. [TepeBipKy HyJIbOBUX TiMoTe3 MPOBOAUIN Ha
piBHi 3HauyocTi p < 0,05 3a nonomoroo kputepist CTb-
oaeHTa [9].

PE3VJIBTATU TA OBTTOBOPEHH

ITpu okpeMomy KynsruByBaHHi JITIK yMOBHO 310p0oBUX
0cib (KIiTUH-CBiKiIB) (POHOBI YacTOTU abepaliil XxpoMo-
COM He BiJIpi3HSIINCH TTOMiX coboto (p > 0,05), koauBa-
nuch B Mexax (1,05 £ 0,47) — (2,00 £ 0,81) na 100 me-
tadas i ckiaaganu B cepeagHboMy 1,52 *+ 0,30 Ha 100
KJIITUH, 100 BiAMOBiAaa0 MOMYJSUiiHiA 4acTOTi CHOH-
TaHHUX TOLIKOIXEHb XPOMOCOM Y OCi0 cepeaHboro Ta
nitHporo Biky [10]. B ycix Bumagkax 3Ha4HO TepeBaxka-
JIM mpocTi abepalii XpoMaTUAHOIO TUMY (BUKJIIOYHO
OIVHOYHI alleHTPUYHi (pparMeHTH), SIKi 3yCTpivyaiucCh 3
yacrorolo 1,28 + 0,28 na 100 xuritH i ckinananu 84 % Bin
3arajibHOI KiJIbKOCTi 3apeECTPOBAHUX MTOIIKOIXKEHb XPO-
MOCOM, 110 TaKOX XapaKTEepPHO JIsI CMTOHTAHHOTO XPO-
MocomHoro mytareHe3y B JITIK mogunu. CepeaHborpy-
noBUit piBeHb abepalliii XpOMOCOMHOI'O TUIY CTAHOBUB
0,24 + 0,12 1Ha 100 xmiTuH. Maitke B ycix BUIMagKax BO-
HU OyJIX TIpeACTaBeHi MapHUMU alleHTPUIHUMU Ppar-
MEHTaMU, YaCTOTa SIKMX 110 TPYIIi B cepeAHhOMY CKJIaIa-
ma 0,18 = 0,11 rma 100 meraca3. B ogHOMY BHITaIKy ce-
pen 255 mpoaHanizoBaHux MeTada3 3agiKCoBaHO OAUH
aHoMayibHU MoHoUeHTpuK 0,39 = 0,39 Ha 100 KJ1iTHH,
IO 3arajioM ckjagaio 1 Ha 1647 mpoaHasi3oBaHUX Me-
tada3s i cranoswio 0,06 = 0,06 Ha 100 KJIiTHH 110 TPy B
cepeIHbOMY, 110 BiAMOBigal0 iXHiM MOMyIsLiiHIlA yac-
toTi [10].

ITIpu oxpeMoMy KyJbTHBYBAaHHi KIJIITUH KPOBi Malli-
enTiB 3 XJIJI, onpomiHeHuX in vitro y-kBantamu ''Cs B
103i 0,50 Ip (KAiTUH-IHAYKTOPIB), pO3KU iHAUBIAYaIb-
HUX 3HaY€Hb CYyMapHOI YaCTOTH abepaHTHUX KJIITUH KO-
nuBaBcs Bim (10,00 &+ 3,87) mo (14,00 = 4,91) % i craHo-
BuB (11,87 + 1,33) % 1o rpymi B cepeaHbOMY, a CyMap-
HOI 4yacToTu abepailiii xpomocoM — Big 12,00 = 3,25 no
14,44 + 2,57 na 100 meTacas ta 13,46 = 1,30 na 100 me-
tadas Mo rpyIi B cepeaIHbOMY, OCKIIbKU 57 % MOIIKOI -
KEHUX KIJITUH MICTUJM MO ABI XpOMOCOMHi abepallii.
Cunin Bin3zHaYMTH, 1110 B YCiX BUITaJKaX CIIOCTEPirajiv He
TiAbKU pafiallifHO-iHAYKOBAHUI LIMTOTE€HETUUHUN
eeKT, XapaKTepHUI A8 il i0Hi3yI0u0ro BUIIPOMiHIO-
BaHHS B KynbTypi JITIK mognam va Gy cramii MiTtoTna-
HOTO LIMKJIY, a caMe — IEePEeBUIIEHHS CIIOHTaHHOI Jac-
TOTA ACUMETPUYHUX I CUMETPUYHUX OOMiHHMUX abe-
parii, SIKi € KIIACHMYHMMU LHUTOTeHETUIHNMH MapKepa-
MU pamiallifHOTO BIUIMBY (IMILIEHTPUYHI Ta KiJbIEBi

bined into groups according to the study design, fol-
lowed 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 #-test [9].

RESULTS AND DISCUSSION

When the separate cultivation of PBLs of condi-
tionally healthy individuals (cells-bystanders) the
background frequencies of chromosome aberra-
tions did not differ from each other (p > 0.05),
ranging from 1.05 £ 0.47 to 2.00 £ 0.81 per 100
metaphases and were on average 1.52 = 0.30 per
100 cells, which corresponded to the population
frequency of spontaneous chromosome damages
in middle-aged and elderly [10]. In all cases simple
aberrations of the chromatid type (only single
acentric fragments) which met with the frequency
1.28 £ 0.28 per 100 cells and constituted 84 % of
the total number of the registered chromosomal
lesions, which is also characteristic for sponta-
neous chromosomal mutagenesis in the human
PBL. The mean-group level of chromosomal type
aberrations was 0.24 = 0.12 per 100 cells. In almost
all cases they were represented by double acentric
fragments with the mean-group frequency 0.18 *
0.11 per 100 metaphases. In one case among the
255 metaphases analyzed one abnormal monocen-
tric 0.39 £ 0.39 per 100 cells was recorded, which
was a total of 1 per 1647 metaphases 0.06 £ 0.06
per 100 cells per group on average which corre-
sponded to their population frequency [10].

When the separate cultivation of blood cells of
CLL patients irradiated in vitro with *’Cs y-quan-
ta at a dose of 0.50 Gy (cells-inductors) the varia-
tion of the individual values of the total frequency
of aberrant cells ranged from (10.00 = 3.87) to
(14.00 £ 4.91) % and was (11,87 = 1,33) % by
group on average. The total chromosome aberration
frequency ranged from 12.00 & 3.25 to 14.44 + 2.57
per 100 metaphases and 13.46 £ 1.30 per 100
metaphases per group on average, as 57 % of dam-
aged cells contained two chromosomal aberrations.
It should be noted that in all cases was observed not
only radiation-induced cytogenetic effect charac-
teristic for the effect of ionizing radiation in the cul-
ture of human PBL in the Gy stage of the mitotic
cycle, namely, the excess of the spontaneous fre-
quency of asymmetric and symmetric exchanges,
which are classic cytogenetic markers of radiation
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xpomocomu — 1,57 £ 0,43 ta 0,48 £ 0,24 na 100 meta-
¢a3 BiANOBIAHO; aHOMalbHi MOHOLEHTPUKHM, SIKi
dopMyThCS 3a paxyHOK TpaHCJIOKalliif Ta iHBepciit —
1,08 = 0,36 na 100 meradas) [11], ane i 3pocTaHHS
YacTOTU MPOCTUX abepalliii XpOMaTUIHOTO Ta XPOMO-
COMHOTO TUMIB (OAMHOYHI alleHTPUYHI (PparMeHTH —
5,66 = 0,80 na 100 mertadas, BinbHI mapHi dpparmeH-
™ — 4,09 £ 0,69 Ha 100 meTadas), sIKi BBaXKalOThCS
LIUTOTEHETUYHUMU MapKepaMyu TeHOMHOI HecTabijlb-
HocTi [8].

IIpu cymicHOMY KyJbTMBYBaHHI iHTaKTHUX HOP-
manbHux JITIK (KJIiTMHU-CBIiAKM) 3 OMPOMiHEHUMU
KJliTHHaAMU KpoBi xBopux Ha XJIJI (KIiTMHU-1HAYKTO-
pH) B KJIITUHAX-CBiIKaX B yCiX BUMAaAKaX 3pOCJIU iHIAU-
Biya/ibHi 3HAYE€HHSI CyMapHUX 4acTOT abepaliii Xpo-
MOCOM 3 KOJIMBaHHSIMM Binx 4,35 + 1,34 no 5,93 + 1,44
Ha 100 meTtadas, 3aBASIKM YOMY iX cepeIHbOrpyrnoBa
yacrota 5,18 £ 0,51 Ha 100 meracdas nepesuimia ¢o-
HoBuii piBeHb — 1,52 = 0,30 Ha 100 meTacpas (p < 0,001).
B cniekTpi XpoMOCOMHUX MOpPYIIeHb, 3a(iKCOBaHUX B
KJIITUHAX-CBiIKaX, TaK, SIK i IPU OKPEMOMY KYJIBTUBY-
BaHHi, MepeBaxkaJiu MpOCTi abepallii XpoMaTUAHOTO i
XPOMOCOMHOTO THUITIB (OAMHOYHI Ta TTapHi alleHTPUYHI
¢parmentu — 3,17 £ 0,40 Ta 1,85 = 0,31 Ha 100 meTa-
(a3 BimmoBigHO), ane piBHI iX OyaM BMIII camMe B
3MimaHux Kyasrypax (p < 0,01), 1o cBimyuTh PO Po3-
BUTOK B KJIITMHAX-CBiJKaX XPOMOCOMHOI HecCTabilb-
HOCTI.

st oLiHKY BHECKY B JIECTa0LTi3allil0 TeHOMY KJTiTUH-
CBiJIKiB BIUIMBY 3JI05IKiCHO-TPaHC(OPMOBAHUX KJITUH
(TIBE) Ta ionizytouoi paziarii (RIBE) My nopiBHsuiu oT-
pUMaHi JaHi 3 pe3yJbTaTaMM HaIlIoTo MOIEePeIHBOTO J10-
crimkeHHs1 ¢peHoMeHy TIBE 3a aHanmoriyHuMM ajropur-
moM [7]. Hamu OyJi0 BCTAaHOBJIEHO, 110 MPU CYMiCHOMY
KynsruByBaHHi JITIK yMOBHO 310p0oBUX OCi0 3 iHTAKTHU -
MM KititTuHaMu Kposi nanienTis 3 XJ1J1 y 86 % Bunaakis
3pOC/IM IHAWBIAyaJbHi PiBHIi XpOMOCOMHMX a0epalliii B
KJniTuHax-cBigkax: (2,73 + 1,55) — (4,39 £ 1,92) na 100
MeTadas, 110 MPU3BEIO 0 3POCTAHHS iX CEPEeTHBOTPY-
noBoi yactotu 10 3,31 + 0,50 Ha 100 meTadas, sika nepe-
BUIIYBaJIa TaKy MPU OKPEMOMY KYJIETUBYBaHHI LIUX KJTi-
taH — 1,52 + 0,30 Ha 100 meTacdas (p < 0,001), aye 6yna
HIDXYe, HiXX Ipu Ko-KyJisTuByBaHHi JITTK yMoBHO 310-
POBHUX 0Ci0 3 OITPOMiHEHMMM MaJTiTHI30BaHMMM KJTiTUHA-
mu — 5,18 = 0,51 Ha 100 metacdpas (p < 0,01) (puc. 1).

OCKibKM 1151 CTUMYJISLIIT KJITUHHOTO MOJILTY B OK-
peMux i 3MillaHUX KYJIbTypax MU TPaauLiiHO BUKO-
PUCTOBYBaIM (DiITOTEMAIrMIOTUHIH, SIKUI HE € MiTore-
HOM J1s1 MajlirHizoBaHux B-nimgorutis [12], uurore-
HETUYHMIA eDEeKT MpHU BCix BapiaHTaX eKCIEPUMEHTIB
Mir OyTi 3adikcoBaHMit HAMM TiJIBKK B T-mimMdornm-

exposure (dicentrics and centric rings — 1.57 + 0.43
and 0.48 = 0.24 per 100 metaphases, respectively;
abnormal monocenters formed by translocations and
inversions — 1.08 £ 0.36 per 100 metaphases) [11],
but also increasing the frequency of simple aberra-
tions of chromatid and chromosome types (single
acentric fragments — 5.66 £ 0.80 per 100 metaphases,
free double fragments — 4.09 £+ 0.69 per 100 meta-
phases), which considered the cytogenetic markers of
genomic instability [8].

When the co-cultivation of intact normal PBLs
(cells-bystanders) with irradiated blood cells of CLL
patients (cells-inductors) the individual values of the
total frequencies of chromosome aberrations in
cells-bystanders were elevated in all cases with fluc-
tuations from 4.35 + 1.34 to 5.93 = 1.44 per 100
metaphases and mean-group frequency 5.18 £ 0.51
per 100 metaphases which was higher than their
background level — 1.52 &+ 0.30 per 100 metaphases
(p <0.001). In the spectrum of chromosomal abnor-
malities revealed in the cells-bystanders, as under
separate cultivation, simple aberrations of the chro-
matid and chromosome types prevailed (free single
and double acentric fragments — 3.17 = 0.40 and
1.85 = 0.31 per 100 metaphases respectively), but
their levels were higher namely in mixed cultures
(p <0.01), indicating the development of chromo-
some instability in the bystander cells.

To evaluate the contribution into the destabilization
of bystander cells genome the impact of malignantly
transformed cells (TIBE) and ionizing radiation
(RIBE) we compared obtained data with the results of
our previous study of TIBE phenomenon by a similar
algorithm [7]. We found that under co-cultivation of
PBL of conditionally healthy persons with intact
blood cells of CLL patients in 86% of cases increased
individual levels of chromosome aberrations in
bystander cells (2.73 = 1.55) — (4.39 £ 1.92) on 100
metaphases were revealed, that led to the elevation of
their mean group frequency till 3.31 £ 0.50 per 100
metaphases, which exceeded such under separate cul-
turing of these cells — 1.52 % 0.30 per 100 metapha-
ses (p < 0.001), but was lower than under co-cultiva-
tion of bystander cells with irradiated malignant cells —
5.18 £ 0.51 per 100 metaphases (p < 0.01) (Fig. 1).

Because for the stimulation of cell division both in
separate and mixed cultures we traditionally used
phytohemagglutinin, which is not a mitogen for
malignant B lymphocytes [12], the cytogenetic
effect in all variants of experiments could be recor-
ded only in T lymphocytes, which under the sepa-
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Yacrtora a6epauiin, Ha 100 KniTUH
Frequency of aberrations per
100 metaphases

A6epauii XxpoMocom
Chromosome aberrations

Chromatid type aberrations

A6epaujii xpomaTugHoro Tuny  A6epaulii XpOMOCOMHOT0 TUny
Chromosome type aberrations

Oxpeme KynbTuByBaHHA, GOHOBNIA
iBeHb )
eparate cultivation
(background level)

Ko-KynbTMBYBaHHA 3 HEOMPOMiHEHUMU
KniTMHaMn Kposi xsopux Ha XJ1J1
Co-cultivation with un-irradiated
blood cells of CLL patients

Ko-KynbTUBYBaHHA 3 ONPOMiHEHUMM
KNiTMHaMK KpoBi xBopux Ha XJU1
Co-cultivation with irradiated blood
cells of CLL patients

PucyHoK 1. Yacrora abepauiit xpomocom B knituHax-ceipkax (JINK ymoBHO 30poBUx 0Ci6) npu pisHMxX ymo-

BaX Ky/IbTUBYBAHHA

Figure 1. The frequency of chromosome aberrations in cells-bystanders (PBL of relatively healthy individu-

als) under different conditions of cultivation

Tax, SIKi IpU OKPEeMOMY KYJIBTUBYBAaHHi KJIITMH HEOIM-
poMiHeHO1 KpoBi mauieHTiB 3 XJIJI Morau OyTu rnepBUH-
HUMU KJIITUHAMU-CBiIKaMHU, 11O oJepxajlu bystander
CUTHAJl Bin MajirHizoBaHux B-niMdbouutis 1e in vivo
Ta/4M in vitro, a Mpu CyMiCHOMY KYJIbTMBYBaHHi 3 HOp-
manpHumu JITTK craBanm Bxe KIIITMHAMUM-iHIYKTOpaMU1
a7s JITTK 310poBrx 0cid6 — BTOPMHHUX KJTITUH-CBiJKiB.

OnpoMiHeHHs KpoBi nauieHTiB 3 XJIJI npru3Boauio 1o
OiABUILEHHSI YaCcTOTU BCiX TUMIB XPOMOCOMHHUX abe-
pauiii gk B T-nmiMdouuTax-iHIyKTOpax Mpu OKPeMOMY
KyJIbTUBYBaHHI (BHACHiIOK MpPsSIMOI MYyTareHHoi il
ioHi3yl0401 pafiallii Ta bystander curHaiy 3 MajlirHizoBa-
Hux B-mim@onutis), Tak i B T-mimMdonurax-cBinkax 3i
3MillIaHUX KYJBTYp (SIK HACIiIOK CYMiCHOTO T€HOTOK-
CUYHOIO BIUTMBY MpPU PO3BUTKY 000X (PEHOMEHIB —
TIBE ta RIBE).

OTpuMaHi pe3yabTaTH IO3BOJISTIOTH IPUITYCTUTH, IO
3aCTOCOBaHAa HaMM MoOJeJibHA cUCTeMa IS BUBYEHHS
BIIMBY iOHi3yl04oi pajiallii Ha piBEHb XPOMOCOMHOI
HECTaOLIbHOCTI B COMAaTUYHUX KJITUHAX JIOOWHU IIPU
PO3BUTKY NYXJIMHO-iHIYKOBAaHOTO e(EeKTy CBimka, B
SKill KITITUHAMU-IHAYKTOpaMU OYJIM OIIPOMiHEHi in vitro
KJIITUHU LUTbHOI KPOBi MauieHTiB 3 B-kiiTuaHo0 XJIJI,
a KJIiTMHAMU-CBiAKaMu — iHTaKTHi T-1iM¢oLuTH KpoBi
3J0POBUX 0CiO, MOXe OYyTU NMPUUHSTHOW ISl JTOCHiA-
JKeHHSI He TUIbKM MePBUHHUX, ajie i BTOPMHHUX MPOSIBiB
¢eHomMeHy bystander response, 110 € aKTyaJlbHUM 3aB-
JAHHSIM TIOABIINX JOCIiIKEHb.

BUCHOBKU

CyMicHe KyJBTUBYBaHHSI OITPOMIHEHMX in Vitro KJIiTUH
KPpOBi Maui€HTiB 3 B-KJIITMHHOIO XPOHIYHOIO JIiM(OLI1-
TapHOIO JielKeMieo (KIIITUH-1HAYKTOpPIB) 3 JTiM@OoLmMTa-

rate cultivation of the non-irradiated blood from
CLL patients could be the primary bystander cells
that received bystander signal from malignant B-
lymphocytes even in vivo and/or in vitro, and
when co-cultured with normal PBL they became
already cells-inducers for the PBL of healthy indi-
viduals — secondary cells-bystanders.

The in vitro irradiation of the blood from CLL
patients led to the elevated frequency of all types of
chromosome aberrations both in T-lymphocytes-
inducers in separate cultures (due to direct muta-
genic effect of ionizing radiation and bystander sig-
nal from malignant B lymphocytes) and in T-lym-
phocytes-bystanders in joint cultures (as a conse-
quence of compatible genotoxic effects in the real-
ization of both phenomena — TIBE and RIBE).

The results obtained allowed to suggest that used
by us model system to study the effect of ionizing
radiation on the level of chromosome instability in
human somatic cells in the development of tumor-
induced bystander effect in which the inducer cells
were irradiated in vitro in whole blood PBL of
patients with B-cell CLL and bystander cells were
intact T-PBL of healthy individuals, it may be
acceptable to study not only the primary but also
the secondary manifestations of the bystander
response phenomenon, which is an urgent task of
further investigations.

CONCLUSIONS

Co-cultivation of in vitro irradiated blood cells of
patients with B-cell chronic lymphocytic leukemia
(cells-inductors) with intact peripheral blood lym-

359 ‘&



EKCINEPUMEHTAJIbHI

AOCNIAXEHHSA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguunxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2020. Bun. 25.

MU TiepudepuIHOi KpOBi YMOBHO 3JI0POBUX OCIO
(KJTiITUH-CBiAKIB) MPU3BOAUTD A0 MiABUILIEHHS PiBHSI
XPOMOCOMHOI HeCTabUIbHOCTI B KIJIITMHAX-CBiIKax
BHACHIJOK CHUHEpPriaMy MiX MyXJIUMHO- Ta
pafialiiiHo- iHTyKOBaHUMHM e(eKTaMHU CBilKa.
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