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MOJINPIKAIIA OITPOMIHEHHAM ITYXJIMHHO-ITHAYKOBAHOI'O
E®EKTY CBIIKA ITPU CYMICHO-PO3AIVTbBHOMY KYJIBTUBYBAHHI
JIMO®OIIUTIB XBOPUX HA XPOHIYHY JIM®OIINTAPHY
JEUKEMIIO 3 JIM®OIIUTAMMU 310POBUX JOHOPIB

MeTa: gocnigut NyxnMHHO-iHAYKOBAHWUI eeKT CBiAKa, BUKAMKAHUIA BMIMBOM KiTUH KPOBI XBOPUX HA XPOHiYHMIA
nimconeitkos (XJ1JT), Ha HeTpaHcdhoOpMoOBaHi KNiTUHM-CBiAKKM (niMdbounTn nepucdepnyHoi kposi (JIMK) ymosHO 3g0po-
BMX 0Ci0) Ta MOXIMBICTb ioro MoandikaLii nif BNIMBOM ONPOMiHEHHS.
Marepianu i meTogu. byno npoBefeHo cMiNnbHO-pPO3AiNbHE KYNbTUBYBAHHA 3pa3KiB KPOBi YMOBHO 3[J0POBUX BOJIOH-
TepiB Ta xBopux Ha XJ1J1 3a po3po6NeHO0 HaMKU METOAMKOI 3 MOAANbLIOK AETEKLiE BiJHOCHOTO PiBHSA MOWKOLKEH-
Ha JHK 3a gonomoroto metogy Commet assay.
Pe3ynbraTtu. BcTaHOBNIEHO CTAaTUCTUYHO 3Haudylle 3pocTaHHs (p < 0,001) piBHA nowkomkeHb AHK B kynbtypax JINMK
YMOBHO 3/10pOBMX 0Ci6, Nicns cnifnbHO-pO3AiNbHOTO KyNbTUBYBAHHSA 3 TPAHCHOPMOBAHUMM KNiTUHAMK XxBOpMX Ha XJJ1.
Micns onpomiHeHHs Gyno BifMiyeHe NafiHHA PiBHA KNiTUH 3 BUCOKUM cTyneHeM nowkomkeHb AHK, wo Bigbynock 3a
PaxyHOK 3pOCTaHHSA YacTOTU KiTUH, O 3aTPMMANMUCh B NOAINT HA S-CTagii KNiTMHHOMO LMKAY. 3pOCTaHHA anonTUYHOT
aKTUBHOCTI B Ky/bTypax KNiTUH-CBifKiB OyN0 BigMiYeHO B yCix BapiaHTax ekcnepumeHty (p < 0,001).
BucHoBKu. Bnnue onpomiHeHux KniTuH kKpoBi xBopux Ha XJ1J1 npu3BoAuTL 10 NOCMNEHHS MaHidecTalii edekTy cBigka
B JINK ymoBHO 380p0BMX 0Ci6.
KniouoBi cnoBa: nyxnnHHo-iHAYKoBaHMi edeKT CBifKa, nimdounTtn nepudepuyHoi kposi, Comet assay, ioHizyoue
BMMPOMiHIOBAHHS.

Tpobnemu pagiauiviHoi Meguumhy 1a pagiobionorii, 2021. Bun. 26. C. 248—259. doi: 10.33145/2304-8336-2021-26-248-259

P«J Kypinnuii lenuc ApkaniitoBuy, e-mail: kurinnyi.d@gmail.com

(1) 248



EXPERIMENTAL

RESEARCH

ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

D. Kurinnyi'><, S. Rushkovsky?, O. Demchenko!, M. Romanenko?, T. Liashchenko?, | M. Pilinska'

!State Institution «National Research Center for Radiation Medicine of the National Academy of Medical
Sciences of Ukraine», 53 Yuriia lllienka Str., Kyiv, 04050, Ukraine

2[nstitute of Biology and Medicine, Taras Shevchenko National University of Kyiv, 64/13 Volodymyrska Str.,
Kyiv 01601, Ukraine

MODIFICATION OF THE TUMOR-INDUCED BYSTANDER EFFECT
BY IRRADIATION UNDER COCULTIVATION OF LYMPHOCYTES
FROM PATIENTS WITH CHRONIC LYMPHOCYTIC LEUKEMIA
AND LYMPHOCYTES FROM HEALTHY DONORS

Objective: Study the tumor-induced bystander effect of blood cells from chronic lymphocytic leukemia (CLL)
patients on non-transformed bystander cells (peripheral blood lymphocytes (PBL) of conditionally healthy individ-
uals) and the possibility of its modification after the impact of ionizing radiation.

Materials and methods. We carried out cocultivation and separate cultivation of blood samples from conditionally
healthy volunteers and patients with CLL according to our technique. Using the Comet assay, the relative level of
DNA damage was evaluated.

Results. A statistically significant increase (p < 0.001) in the level of DNA damage in PBL culture of conditionally
healthy individuals after co-cultivation with malignant cells of CLL patients was observed. After irradiation, a drop
in the level of cells with a high degree of DNA damage was noted, which was connected with an increase in the fre-
quency of cells that were delayed in division at the S stage of the cell cycle. An increase in apoptotic activity in cul-
tures of bystander cells was observed in all variants of the experiment (p < 0.001).

Conclusion. The influence of irradiated blood cells of patients with CLL results in an enhancement of the tumor-

induced bystander effect manifestation in the PBL of conditionally healthy individuals.
Key words: tumor-induced bystander effect, peripheral blood lymphocytes, Comet assay, ionizing radiation.
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BCTVYII

KiitrHu, 1110 3a3Ha1M MOIIKOAXEHb, 31aTHI iHAYKYBaTU
pi3HOMAaHITHI 0i0JIOTiYHI 3MiHM B HEIIOLIKOJIXEHUX
KJIITUHAX, SIKi KOHTAKTYyIOTh 3 HUMHU B €IMHOMY OTO-
YeHHi Oe3rnocepeAHbO abO0 3HAXOASYMCh Ha 3HAYHil
BiacTaHi Big HuX. HaHuii (eHOMEH MiXKIITUHHUX
B3aeMogili oTpuMaB Ha3By edeKkTy cBigka (bystander
effect). Jo oro po3BUTKY MPU3BOIUTH BIUIMB Pi3HUX
BUIB iOHI3yIOUOTO Ta HEiOHiI3yIOUOTro BUIPOMiHIOBaH-
HSI, TEHOTOKCMYHMX OPTAHIYHMX CITOJIYK, iOHIB BaXKKMX
MeTaJliB, HAaHOYAaCTOK, BUCOKMX TeMIlepaTyp Ta iHIIUX
cTtpec-dakTopiB [1—4] .

MexaHi3Mu, $§Ki BiIMOBiZalOTh 3a e(eKT CBiIKa, €
CKJIaJHUMU Ta HE IO KiHIlS BUBYCHUMU.

HaiiGinpiry yBary mpuIiIsiioTs BUBUEHHIO e(heKTy CBilKa,
CITPUYMHEHOTO JI€I0 i0Hi3yI0U0oro BUMpoMiHoBaHHs (radi-
ation induced bystander effect — RIBE), sikuii Mae BaxxjiiBe
3HAYEHHS /151 MPOrHO3YBaHHS BillaJeHUX MEIMKO-0i010-
rYHUX HACJIAKIB ONMPOMiHEHHS, B IEpLIy Yepry, B pajiia-
wiitHil onkosorii. ITposis RIBE cympoBomKy€eThest mocuie-
HUM CUHTE30M LIMTOKiHiB, TeHepaLli€lo BiIbHUX paauKasiB

B« Denys A. Kurinnyi, e-mail: kurinnyi.d@gmail.com

INTRODUCTION
When the damaged and intact cells exist in a com-
mon environment, damaged cells are able to
induce various biological alterations in intact cells
both in direct contact with them and being at a
considerable distance. This phenomenon of inter-
cellular interactions is known as the bystander
effect. The manifestation of the bystander effect is
observed after the impact of various types of ioniz-
ing and non-ionizing radiation, genotoxic organic
compounds, heavy metal ions, nanoparticles, high
temperature and other stress factors [1—4].

The mechanisms that are responsible for the by-
stander effect are complex and not fully understood.

The main attention is paid to the study of the
radiation induced bystander effect (RIBE), which
is important for predicting the long-term medical
and biological consequences of exposure, primari-
ly in radiation oncology. The manifestation of
RIBE is accompanied by enhanced synthesis of
cytokines, the generation of free radicals (includ-
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(y TOMy 4MCJIi TIEpOKCUIHWX) BTOPMHHUX CTPEC-MECEH/I-
xkepiB (NO) Ta pisHoMaHiTHHX Hekomytounx PHK [5, 6].

OpnHak IOCWJIEHUI CUHTE3 i BUKHUA B MIKKITITUHHUIA
MPOCTip LIMX cCaMUX YNHHUKIB € XapaKTePHUM ISl KJTITUH
3J1051IKiCHUX HOBOYTBOPEHb, 1110 MPU3BOAUTH 10 PO3BUTKY
B HOPMaJIbHUX KJIITUHAX 3MiH, $IKi CITOCTEpiraroThcs Mpu
RIBE. Edekr BIumBy MamirHi3oBaHMX KIIITMH Ha HOp-
MaJIbHi OTpMMAaB Ha3By MyXJIMHHO-iHIYKOBAHOTO e(eKTy
cBinka (tumor-induced bystander effect — TIBE). Beaxka-
10Tb, 110 TIBE Moxe OyTu OfHi€10 3 MPUYMH PO3BUTKY
BTOPMHHUX 3JIOSKICHUX HOBOYTBOPEHb Yy OHKOJIOTTYHMX
XBOPHUX, a TAKOX CYTTEBO BIUIMBAaTH Ha PO3BUTOK IT00OiU-
HUX e(PeKTiB MPOTUITYXJIMHHOI Teparii [7—9].

TakuM YMHOM, HOCJIiIKEHHSI 0COOIMBOCTEN B3aEMOI1
HEOMPOMIHEHNX Ta OTPOMIiHEHUX OHKOTpaHC(hOpPMOBa-
HUX KJITUH JIOOWHU 3 HOPMaJIbHUMU KJIiTUHAMU € aK-
TyalbHUMU 3 TOUKM 30pYy MNPOrHO3YBaHHS HACJiJIKiB
PO3BUTKY XBOPOOU i MEPCIEKTUB JIiIKYBaHHSI.

META

HocniauTu NyXJIWHHO-IHAYKOBaHUM e(eKT CBiaka,
BUKJIMKAHUI BIUIMBOM KJIITMH KPOBi XBOPMX Ha XpO-
HivHmil niMmdponeiiko3 (XJIJI), Ha HeTpaHchOpMOBaHi
KIITUHU-CBiAKM (JiMdouuTn mnepudepuuHoi KpoBi
(JITIK) yMOBHO 310pOBMX OCi0) Ta MOXJMBICTb HOro
Moaudikauii i BIUIMBOM OIMPOMiHEHHSI.

MATEPIAJIN 1 METOJIN

Y po06oTi KepyBaIMCh MOJIOXKEHHSIMU [ebCiHCHKOI TeK-
nmapaitii BececBiTHbo1 Meaununoi Acomiarii (2008 p.), ska
nepenbdavyae iHopMoBaHYy 3rojay ocid Ha y4yacTb y Hpo-
BeJIeHHI BiAIMOBIIHUX JOCTiIXXEHb, a TAKOXK 3araJlbHUMU
NpUHLMIIAMH, yxBajeHUMU [lepmnMm HalioHaJIbHUM
KOHTrpecoM YKpainu 3 6ioetrku (2001 p.).

3pa3ku TiepudepndHoi KpoBi Oyam oTpumani Big 10
xBopux Ha XJIJI. B gKocTi KOHTPOJII0 BUKOPUCTOBYBa-
JIMCh KYJAbTYpHU JiMdouuTiB, ogepxkaHi Bim 10 yMOBHO
3[10POBUX BOJOHTEPIB. YCi 0coOu OyJIM 3aJlydyeHi 3a YMOB
MOiH(OPMOBAHOI 3roIN.

KynsruByBaHHS JiMGOLIMTIB MPOBOAWIMN TIPOTSToM 48
ron. YacTuHy KynbTyp neprdepudHOi KpoBi XBOPUX Ha
XJUJT ortpoMiHIOBau y-KBaHTaMu (BUITpoMiHioBay [BL-
237C, noryxHictb 2,34 Ip/x8) B 103i 0,5 Ip Ha 0 romuHi
KyJbTUBYBaHHS. KyJbTMBYBaHHS OMPOMiIHEHMX i HEOTI-
POMiHEHUX KYJBTYP JiM(POLUTIB MPOBOAUIOCH B EMHOC-
TSIX, pO3AieHUX MeMOpaHoto 3 mopaMu 1,0 MKM, 1110 3a-
nooirajao nepeMillyBaHHIO KJIITHUH, ajie JO3BOJISIIO MPo-
XOJIUTHU 0i0JIOTIYHO-aKTUBHUM PEUOBUHAM.

Jist ouiHKM BiZHOCHOTO pPiBHs mouikoaxkeHHs JTHK
BUKOPUCTOBYBaJIM HeuTpanbHy Bepcito Comet assay
[10]. ITpuroTyBaHHS ClaiAiB, Ti3MC KIITUH i TIpOBEACH-

ing peroxide), secondary stress messengers (NO)
and various noncoding RNAs [3, 6].

However, enhanced synthesis and release of
these factors into the extracellular space is charac-
teristic of malignant neoplasm cells, which leads to
the onset of alterations in normal cells that are
observed in RIBE as well. The impact of malignant
cells on normal cells is called the tumor-induced
bystander effect (TIBE). It is believed that TIBE
can be one of the reasons for the development of
secondary tumors in cancer patients, as well as sig-
nificantly influence on the induction of adverse
effects of anticancer therapy [7—9].

Thus, the study of the features of the interaction
of non-irradiated and irradiated malignant human
cells with normal cells is topical in terms to predict
the disease progression the and the efficiency of
anticancer treatment.

OBJECTIVE

Study the tumor-induced bystander effect of blood
cells from chronic lymphocytic leukemia (CLL)
patients on non-transformed bystander cells (peri-
pheral blood lymphocytes (PBL) of conditionally
healthy individuals) and the possibility of its mod-
ification after the impact of ionizing radiation.

MATERIALS AND METHODS
The research was held under the principles of the
Declaration of Helsinki of the World Medical Asso-
ciation (2008) providing the subjects’ informed con-
sent to participate in corresponding studies, as well as
by the general ethical principles adopted by the First
National Congress of Ukraine on Bioethics (2001).
Peripheral blood samples were obtained from 10
CLL patients. As a control, we used cultures of lym-
phocytes obtained from 10 conditionally healthy vol-
unteers (age 35—51 years, mean age — 43 years). The
informed consent was obtained from all individuals.
The cultivation of lymphocytes was carried out for
48 h. Some cultures of the peripheral blood of patients
with CLL were exposed to y-ray (emitter IBL-237C,
dose-rate 2.34 Gy/min) at a dose of 0.5 Gy on hour 0
of cultivation. The cocultivation of irradiated and
non-irradiated cultures of lymphocytes was carried
out in containers separated by a membrane with pores
of 1.0 um, which prevented mixing of cells, but
allowed the passage of biologically active substances.
To evaluate the relative level of DNA damage, we
used method of neutral single-cell gel elec-
trophoresis (Comet assay) [10]. Slide preparation,
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HSI HEUTPaJIbHOTO KOMETHOTO €JIEKTPOohope3y MPOBOIM -
JIU 3a 3arajbHonpuiiHATOI MeToaukoro [11]. ITicas
enekTpodopesy mnpernapatu ¢apoysaaun DAPI (4°,6-
diamidino-2-phenylindole) B koHLIeHTpallii 2 MKT/MJ Ta
aHali3yBaJM MiJ JIOMiHECUEHTHUM MiKpOCKOIIOM 3
npueaHaHoto porokameporo Canon D1000. 11 KoxHO-
TO BapiaHTy poOMJIM He MEHIIIe TPHOX MOBTOPIB i (poTOT-
padyBanu He MmeHIe 100 BUMagKoBO OOpaHUX «KOMET»
IS KOXKHOTO TTOBTOpPY (puc. 1). 300pakeHHs aHaJTi3yBa-
JIM 3a goromororo nporpamu Image J (imagej.nih.gov) 3
BukopuctanHgaM ruiariny OpenComet. B gkocti mapa-
METpPY IS BU3HAYEHHS BIIHOCHOTO PiBHSI MOILIKOIXKEH-
Hs1 JIHK BukopucroByBanu moka3Huk «Tail Moment»
(TM) [12], aKkuii BUpaxOBY€ETbCS SIK TOOYTOK TOBXWUHU
«XBocTa» KkoMmeTu i ppaxuii TotanbHoi JJHK. TM Bpaxo-
BYE SIK YaCTKM HaiiMEHIIIOTO PO3Mipy BUSIBJICHOI Mirpy-
touoi JHK (1o BimoOGpaxkeHo B JOBXMHi XBOCTa KOMe-
TH), TaK i KiJIbKICTh PEIaKCOBAaHUX/TIOIIKOIKEHUX Be-
mmknx pparmeHTiB JIHK (inTencuBHicTh Buxony JHK y
XBOCTOBY YacTUHY). «ATunosi Kometn» (AK), sKi yTBO-
pIOIOTBCS 3 KJIITUH 3 BUCOKWMM piBHEM (pparmeHrarlii
HOHK, ananizyBanu okpeMo (puc. 1). CtaTucTuyHy 00-
POOKY IaHUX IIPOBOIMIIM 3a 3aTaJIbHONPUIHITAMU Me-
tomamu [13].

PE3VYIJIBTATU 1 OBIOBOPEHHA
IIpu okpemomy KynbTuByBaHHi iHTakTHUX JITTK ymMoB-
HO 3J0pPOBMX BOJOHTEpPiB cCepemHiil CIMOHTaAaHHUI
piBeHb TM cknanaB 4,30 £ 0,40. OtpumaHi gaHi 36ira-
IOThCSI 3 pe3yJIbTaTaMM HaIlUX ITONePeaHIX TOCTiIKeHb
[14]. TIpn cHoiabHO-pPO3MITBHOMY KYJIBTUBYBAaHHI OIT-
pomiHeHux Ta HeonnpoMiHeHuX JITTK yMoBHO 3m0poBHX
oci0 B KJIiTMHaX-CBiIKaX CIIOCTEpirajii 3HayHe 3MEH-
meHHsa Buxoay IHK mnopiBHSIHO 3 KOHTPOJbHUM
piBHeM (cepenHe 3HayeHHs1 TM no rpymi — 1,86 £ 0,24,
p <0,05).

HaHi, oTpuMaHi HaMHU, € JOCUTb HECIOAiBaHUMU.
Binomo, 1mo npu peanizauii epekTy CBigKa B HEOM-

cell lysis, and electrophoresis were performed
according to the generally accepted technique [11].
After electrophoresis, the slides were stained with
DAPI (4°, 6-diamidino-2-phenylindole) at a con-
centration of 2 ug/ml and analyzed under a fluo-
rescent microscope, connected with a Canon EOS
1000 D camera. For each variant, at least three rep-
etitions were made and at least 100 randomly
selected «comets» were photographed for each rep-
etition (Fig. 1). The image was analyzed using the
Image J program (imagej.nih.gov) using the
OpenComet plugin . The Tail Moment (TM) index
[12], calculated as the multiplication of the comet’s
tail length and the total DNA fraction, was used as
a parameter to determine the relative level of DNA
damage. TM takes into account both the fraction
of the smallest fragments of migrating DNA (which
is reflected in the length of the comet’s tail) and the
amount of relaxed/damaged large DNA fragments
(the rate of DNA release into the tail). «Atypical
comets» (AC), which are formed from cells with a
high level of DNA fragmentation, were analyzed
separately (Fig. 1). Statistical data processing was
carried out using generally accepted methods [13].

RESULTS AND DISCUSSION
Under separate cultivation of intact PBLs from
apparently healthy volunteers, the average sponta-
neous TM level was 4.30 £ 0.40. The obtained data
coincide with the results of our previous studies
[14]. During cocultivation of irradiated and non-
irradiated PBLs of conditionally healthy individu-
als, in the bystander cells a significant decrease in
the DNA escape was observed in comparison with
the control level (the average value of TM in the
group was 1.86 = 0.24, p < 0.05).

The data we have received is quite unexpected. It
is known that when the bystander effect is manifest-

PUCYHOK 1. Tunu «Komet»:

A - atunoBa «komeTa» (KniTuHa
B CcTaHi anonTo3y); B - «KomeTa»
6e3 36inbLEHOT XBOCTOBOT
AinAHKM (HopManbHa KNiTUHA)

Figure 1. Types of «comets»:

A - atypical «comet» (apoptotic
cell), B - standard-tail «comet»
(normal cell)
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POMIHEHMX KJITMHAX CIIOCTEPIraeTbCcsl 30UTbIICHHS
piBHs nowkomkeHb JIHK, reHHMX MyTalliii Ta abepariit
xpoMocoM [15—18] i Mu moBUHHI OYJIM OUiKyBaTH 30iJTb-
meHHsa TM B KJIiTUHAX-CBiIKaXx.

Jns O6inbll JeTaJbHOro aHalizy OyJo MpOoBeIeHO
JMOCHIIKEHHS YaCTOTHOTO PO3IMOJIITy OKPEMUX KJiTUH
3aj1exkHo Bim piBHg Mirpaii JIHK B arapo3nuit rens. 3a
nokaszHukamMu TM KOHTpOJIbHUX BapiaHTiB Oy BCTa-
HOBJIEHi I'paHNYHi 3HayeHHs aeuuyiB (TM mopiBHIOBa-
mu 0,76; 1,47; 2,63; 4,09; 5,32; 6,30; 7,52; 8,81; 11,06),
SIKi Oynu oOpaHi m1st GopMyBaHHS TPYIT TIPU PO3PaXyH-
Ky yactoT TM B KIliTMHax-cBigKax. SKIIO 3HAYeHHS
TM nopiBHIOBaJIO TPaHUYHOMY, «KOMETY» BiITHOCWJIU
IO HACTYIHOI rpynu. Pe3yabratu npencTaBieHi HA pU-
CYHKY 2.

I1pu aHani3i jaHUX MpUBEPTAE yBary siKk CTAaTUCTUYHO
3Hauytle (p < 0,01) 30inbIIeHHS B KyJAbTypaxX KJIiTWH-
CBiJIKiB 4aCTOTU «KOMET» 3 HU3bKUM piBHEM TM (rpynu
1 Ta 2), Tak i BincyTHicTh «kKomeT» Tpynu 10 (MicTUTb
KJIITUHU 3 HaWBMIIMM piBHeM moikomkeHb JIHK).
OCKiJTIbKM BiIOMO, 1110 TP HEUTPaJIbHOMY BapiaHTi «KO-
METHOTO0» eJIeKTpoope3y Y KIITUH, SIKi 3HAXOAIThCI B
S-azi, cmocTepiraeTbcsd 3HaAUYHE 3HWKEHHS BUXOLY
JAHK B araposnuii rens [14], To, BiporigHo, Taka CUTY-
allisl CBiTYUTH MPO HASIBHICTb B KYJBTYPi JiM(OLUTIB-
CBiAKiB 3HAYHOI KiJbKOCTi MOLIKOIXEHUX KJITUH, Y
aKux crpaimoBaB checkpoint Ha S-¢asi KIITHHHOTO
mukiay. CaMe LIUM MOXHA MOSICHUTHU 3HaUYHE 3HUKEHHS
cepeaHboro 3HaueHHs TM B KyJbTypax KJIITUH-CBiIKiB.
Takum ynHOM, ocobauBicTio nposiBy RIBE npu crijib-

ed in unirradiated cells, an increase in the level of
DNA damage, gene mutations, and chromosome
aberrations is detected [15—18], and we should have
expected an increase in TM in bystander cells.

For a more detailed analysis, we studied the fre-
quency distribution of individual cells depending
on the level of DNA migration in the agarose gel.
The limit values of deciles were set according to
the indicators of TM control variants (TM was
0.76; 1.47;2.63; 4.09; 5.32; 6.30; 7.52; 8.81; 11.06)
and were chosen to form groups for estimating fre-
quencies of «comets» that have TM within the
appropriate range. If the value of TM was equal to
the boundary index, the «comet» was referred to
the next group. The results are shown in Figure 2.

When analyzing the data, we took notice both of a
statistically significant (p <0.01) increase in the fre-
quency of «comets» with a low TM level (groups 1
and 2) in the cultures of bystander cells (group 1 and
2), and the absence of «comets» in group 10 (con-
tains cells with a high DNA damage). Because it is
known for the cells in the S phase, the significant
decrease of DNA exit in agarose gel under the neu-
tral conditions of «comet» electrophoresis is
observed [14], this situation probably indicates the
presence of a considerable number of damaged cells
in the culture of bystander lymphocytes, in which
the checkpoint was triggered at the S phase of the
cell cycle. This can explain the significant decrease
in the average TM value in the cultures of bystander

[ N
S & S &
: :

% «komeT» / % of «comets»
nY N
(=) [$2]

PucyHOK 2. YactoTHuii po3nogin KomeT 3a 3HaueHHAMU TM B KynbTypax KAiTUH-«CBiAgKiB» npu cymicHo-

po3AinbHOMY KyNbTUBYBaHHi ONpOMiHeHUX i HeonpomiHeHUx NiM¢ounTiB YMOBHO 3,0POBUX BONOHTEpPiB
Mo ropusoHTani — rpynu KOMeT (OAUB. MOSICHEHHS Y TeKcTi). [ns Bcix rpyn 10 % € KOHTPOSIbHUM 3HAYEHHAM

Figure 2. Frequency distribution of comets according to TM values in cultures of bystander cells during co-

cultivation of irradiated and non-irradiated lymphocytes of conditionally healthy volunteers
Horizontally, the groups of comets are indicated (see explanation in the text). For all groups, 10 % is the control value
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HO-PO3AiTbHOMY KYJbTUBYBaHHI HEMaJirHi30BaHUX
JiMGOLUTIB € 30UIbIIEHHS KIiTUH 3 AYyX€ BMCOKMM
piBaeM momkomkeHs JAHK, gxi ne mpoxongats check-
point S/G3, Ta, SIK HaCliIOK, 3yMUHSIOTh ITOAT Ha LIiit
cranii.

ITicist  cHiAbHO-pPO3AUIBHOTO KYJbTUBYBAHHS 3
TpaHC(OPMOBAHUMHU KIiTUHaMU xBopux Ha XJIJI B
kyneTypax JITIK ymMoBHO 310p0oBUX 0Ci0 OyJIO BCTAHOB-
JIEHO 3POCTaHHSI CepeaHbOTPYMOBOTO IMokKa3dHuka TM
10 10,99 £ 0,80 (p <0,05). Binbl neTanbHUI YaCTOTHUIA
aHaJli3 OTpMMAHUX JaHMUX IMO0Ka3aB CTATUCTUYHO 3HAYY-
me (p < 0,001) 3pocTaHHS YacCTOT KOMET JABOX I'PYyN —
MnepuIoi, 10 BiAMOBIiAA€ «KOMETaM», B SIKMX BiICyTHilt
Buxin JIHK B araposnwmii renb, Ta rpynu 10 (p < 0,001),
sIKa BiAIOBiga€ KJIITMHAM 3 BUCOKMM pIBHEM Mirpatii
JAHK (puc. 3). Lli pe3ynbTaTi BKa3ylOTh Ha YiTKWI1 pPO3-
BUTOK IMyXJIMHHO-3asIexxHOTO edekTy cBinka (TIBE) mpu
CHiJIbHO-PO3iTbHOMY KYJIBTMBYBaHHI KJIITUH XBOPUX Ha
XJIJI Ta JIITIK ymMOBHO 310pOBUX 0OCiO, OCOOJIMUBICTIO
SIKOTO € 3pOCTaHHSI YaCTOTH KJIITUH, 110 3yITMHUINCH Ha
S-azi KIITMHHOTrO HUKJIY (IMTOTEHLIMHO MOIIKOMIXKEHI
KJIITUHU, y SIKUX CIIpalioBaB MexaHi3M aKTuBallii
checkpoint-KOHTpOITIO) i KITITUH 3 BMCOKOIO 4aCTOTOIO
HeperapoBaHMX OJHO- Ta JIBO-JAHIIOTOBUX PO3PUBIB
JHK.

3 MeTo10 3’ICyBaHHSI MOXJIMBOCTI MOCUJICHHS TTPOSIBiB
edexrty cBinka npm HakmaneHdi TIBE Ta RIBE, 6yno
MpPOBENEHO CHiIbHO-pO3diabHe KyabTuByBaHHS JITTK
YMOBHO 3I0pOBUX OCi0 3 ONPOMIHEHHMMHU KJIiTUHAMU
KpoBi xBopux Ha XJIJI. B monynsiii KIiTMH-CBiAKiB

cells. Thus, a feature of the manifestation of RIBE
during co-cultivation of non-malignant lympho-
cytes is an increase in cells with a very high level of
DNA damage that do not pass the S/G, checkpoint
and, as a consequence, stop division at this stage.

After cocultivation PBL of conditionally healthy
individuals with malignant cells of CLL patients, an
increase in the mean level of TM was established (up
t0 10.99 + 0.80, p < 0.05). A more detailed frequen-
cy analysis of the obtained data showed a statistical-
ly significant (p < 0.001) increase in the frequencies
of the «comets» that belong to two groups: the group 1,
which corresponds to «comets» with no DNA exit in
agarose gel, and group 10 (p < 0.001), which corre-
sponds to cells with high level of DNA migration
(Fig. 3). These results indicate the evident manifes-
tation of the tumor-dependent bystander effect
(TIBE) during cocultivation of cells collected from
CLL patients and PBL of conditionally healthy
individuals. The main features of TIBE were an
increase in the frequency of cells arrested at the S
phase of the cell cycle (heavily damaged cells in
which the mechanism of checkpoint control is acti-
vated) and cells with a high frequency of unrepaired
single- and double-strand DNA breaks.

In order to clarify the possibility of enhancing the
manifestations of the bystander effect when TIBE and
RIBE are overlapped, we carried out cocultivation of
the PBL of conditionally healthy individuals with
irradiated blood cells of patients with CLL. In the
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PucyHoK 3. 3miHa 4acToTHOro po3noginy «Komet» 3a 3HayeHHAMU TM B KynbTypax KNiTUH-«CBiAKiB» npu

CYMiCHO-PO3/iNIbHOMY KyNbTMBYBaHHi 3 HEONPOMiHEHMMM i ONpPOMiHEHUMU KynbTypamu nimcouuTie xBopux Ha XJU1
o ropusoHTani — rpynn KOMET (AVB. NOSICHEHHS Yy TEKCTI); ans BCix rpyn 10 % € KOHTPONbHMM 3HAYEHHAM

Figure 3. Change in the frequency distribution of «comets» by TM values in cultures of bystander cells dur-

ing co-cultivation with non-irradiated and irradiated cultures of lymphocytes of CLL patients
Horizontally, the groups of comets are indicated (see explanation in the text); for all groups, 10 % is the control value
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BCTAHOBJIEHO cTaTUCTUYHO 3Hauyiie (p < 0,001) 3poc-
TaHHS YaCTOTU «KOMET» IIePIIIOi IPYIIH ITOPIiBHSIHO 3 pe-
amizaniero 1K RIBE (puc. 2) tak i TIBE (puc. 3). PiBenn
KJITUH, SKi MaioTh BEJIUKY KilbKicTh po3pusiB JHK
(rpyna 10), He Bimpi3HSETHCS Bill KOHTPOJBHOIO 3Ha-
YEHHSI.

Binomo, 1110 B MaJIirHi30BaHUX TéMOITOETUYHMX KJIITH-
Hax (1iMdouuTy nepudepruyHoi Kposi) xBopux Ha XJIJI
CIOCTEpIraeTbcsl 3HA4YHE 30iJAbIIEHHS CHUHTE3y M-
tokiHiB (TNFa), inrepneiikiniB (IL-16) i MoHOKIO-
HanpbHuX XeMokiHiB (CCL3) [19-21]. Mu BBaxaemo,
1110 BIJIUB LIUTOKIHIB € TpPUTepOM TIPOLIECiB, SIKi BinOyBa-
1oThes B JITIK ymoBHO 3m0poBux ocid. Ockinbku TNF-q
€ OJHUM 3 KJIIOYOBHMX €JIEeMEHTIB 3aMycKy pamialiiiHo-
iHAyKOBaHOTO edeKTy cBimka [22, 23], BiporimHo, 1110
BIUTUB HEOIIPOMiHEHUX TpaHCHOPMOBAHUX KIITUH
MPU3BOAUTH IO PO3BUTKY B KJIITMHAX-CBiIKaX YMOBHO
3[00POBUX OCi0 aHAJOriYHMX IpoleciB. Y BiAIMOBiAbL Ha
akTuBHMIA BIUIMB TNF-0 3 KIIITUH-IHIYKTOPiB CUrHANY,
B KJIiITUHAX-CBiKax BimOyBa€TbCsl 3pOCTaHHSI CUHTE3Y
NO, saxkuii € BTODUHHUM CTpec-MeceHkepoM [24]. B
CBOIO uepry, 30iibl1eHHsT KoHUeHTpallii NO B KJIiTUHAX-
CBiIKax MOXe IPU3BOIUTHU OO0 BUHUKHEHHS OJHOJIAH-
moroBux po3pusiB JIHK, Ta, 9k Hacaigok, po3BUTKY Te-
HOMHOI1 HecTabimbHOCTI [25—27]. KIIiTUHHM 3 BUCOKHAM
piBHEM T'€HOMHHUX IIOIIKOIKEHb HE MPOXOISITh UYTIIU-
Buit checkpoint S-crazii, 1o 0yno BUSBIEHO B HAILIOMY
TOCJIII>KEHHI.

OTXe, Ipy YaCTOTHOMY aHaJTi3i pO3MOILTY «<KOMET» 3a
napametrpoM TM Hamu Oyj10 BuaijieHo 2 rpynu (rpymnu 1
ta 10), 3MiHM AKX HANOIABII SBHO XapaKTepU3YIOTh
pi3HOMaHITHI MPOsIBU e(EKTy CBigKa.

OnHMM 3 BaXJIMBUX HACHIAKIB peaiizalii epekTy
CBillKa, SKMHA cHocTepira€TbCs MPU MiXKIJIITUHHIN
B3a€EMO/Ii1 MiK KJIITUHAMU-1HAYKTOpaMU Ta KJIITUHAMMU-
CBiIKaMU, € 3MiHa alONTUYHOI aKTUBHOCTI B KyJIBTypax
B3aEMOJIiI0YMX KIITUH [28].

ATIONTUYHI KJIITUHU, Y SKUX BinOyBa€eTbcsd (par-
MmeHTanigs JHK dgitko gerexktytorhcsa mpu Comet
assay y HeWTpaJbHMX YMOBaXxX SIK «aTMIIOBi KOMETHU»
(puc. 1).

Hamu 6ysio mpoBeneHO MOPiBHSIHHS TPbOX KJIIOUO-
BUX IapaMeTpiB, a camMe 4YacCTOTU <«KOMET», IO Bil-
MOBiZalOTh KJAITMHAM Ha S-cTadii KIITUMHHOTO LIUKIY
(rpyna 1), 4acTOTU «KOMET» 3 BUCOKHUM piBHEM pPO3-
puBiB JJHK (rpyma 10) Ta 4yacToTu KJIiTUH B CTaHi
ammonTo3y (puc. 4). SIk BUZHO 3 HaBeIeHUX JaHUX, Yyac-
TOTa KJIiITUH B CTaHi arlonTo3y 3pOCTaE, MPU HAsIBHOCTI
mixxiaiTuHHoi B3aemoii (RIBE, TIBE, RIBE+TIBE),
B yCiX BapiaHTax eKCIIEpMMEHTY ITOPiBHSHO 3 IOKa3-
HUKaMU TPy KOHTpodt0. BingMiueHi KoJMBaHHS 3Ha-
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population of bystander cells, a statistically significant
(p < 0.001) increase in the frequency of «comets» of
the first group was detected in comparison with the
realization both RIBE (Fig. 2) and TIBE (Fig. 3).
The rate of cells that have a high level of DNA breaks
(group 10) was not differ from the control value.

It is known that in malignant hematopoietic cells
(peripheral blood lymphocytes) of patients with
CLL, there is a significant increase in the synthesis of
cytokines (TNFa), interleukins (IL-16) and mono-
clonal chemokines (CCL3) [19—21]. We assume that
the effect of cytokines is a trigger for the processes
that occur in the PBL of conditionally healthy indi-
viduals. Since TNF-ot is one of the key elements for
initiation of the radiation-induced bystander effect
[22, 23], it is likely that the influence of non-irradiat-
ed transformed cells may cause the development of
similar processes in bystander cells in conditionally
healthy individuals. In response to the active influ-
ence of TNF-oa from the signal inducer cells, the
enhancement of NO synthesis, which is a secondary
stress messenger, occurs in bystander cells, [24]. Also,
an increase in the concentration of NO in bystander
cells can lead to the induction of single-stranded
DNA breaks, and, as a consequence, the progress of
genomic instability [25—27]. Cells with a high level of
genomic damage do not pass the accurate S stage
checkpoint, which was found in our study.

Thus, the frequency analysis of «comets» distribu-
tion by TM parameter showed the two groups (group
1 and 10), changes in which most clearly character-
ize various manifestations of bystander effect.

One of the important consequences of the
bystander effect, which is observed during inter-
cellular interaction between inducer cells and
bystander cells, is a modification of apoptotic
activity in cultures of communicating cells [28].

Using Comet assay under neutral conditions,
apoptotic cells, in which extreme DNA fragmen-
tation occurs, are clearly detected as «atypical
comets» (Fig. 1).

We compared three key parameters, namely, the
frequency of «comets» corresponding to cells at the S
stage of the cell cycle (group 1), frequency of
«comets» with high level of DNA breaks (group 10),
and frequency of apoptotic cells (Fig. 4 ). As can be
seen from the data presented, if there were intercellu-
lar interaction (RIBE, TIBE or RIBE + TIBE), the
frequency of cells in a state of apoptosis was height-
ened in all variants of the experiment compared with
the rates in the control group. The average values var-
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I «Kometu» 3 rpynu 1 / «Comets» from group 1
50 -1 M «Kometn» 3 rpynu 10 / «Comets» from group 10 [ -----=-----------
I «Atvnosi KomeTn» / «Atypical comets»

% «KomeTt» / % of «comets»

Kowtpons / Control RIBE TIBE

TIBE + RIBE

PucyHokK 4. Yactotu «KomeT», WO BigNoBiAal0OTb KJiTUHAM Ha S-cTtafii KJAITUHHOro LUKy
(rpyna 1), KnituHam 3 BUCOKUM piBHem po3puBiB [IHK (rpyna 10) tTa KniTuHam y cTaHi

anonTto3y («aTunoBi KOMEeTU») NpU NPoABi ePeKTy «CBigKa» Pi3HOro reHesy

RIBE - pagijauiriHo inaykoBaHuin edekT «cBigka», TIBE — edekT «cBigka», iHoAyKOBaHUI ManirHisoBaHnmMmum knitmHamu, RIBE +
TIBE - edexT «cBigka», iHAyKOBaHNM OMPOMIHEHHVMUW ManirHi30BaHMMM KNiTUHAMK

Figure 4. Frequencies of «comets» corresponding to cells at the S-stage of the cell cycle (group 1), cells
with a high level of DNA breaks (group 10) and apoptotic cells («atypical comets») when the bystander effect

of different genesis is manifested

RIBE - radiation-induced bystander effect, TIBE — bystander effect induced by malignant cells, RIBE + TIBE — bystander

effect induced by irradiated malignant cells

XomsATbest B Mexax Bin (1,96 + 0,49) % wa 100 xmituH
(rpyma xoutpoiswo) mo (15,87 = 2,64) % (RIBE);
(20,42 £1,92) % (TIBE); (17,59 + 1,69) % (RIBE+TIBE)
Ha 100 KJIiTHH 110 TPYITi B cCepeIHbOMY BifAIOBiTHO. B TOi1
Ke 4Yac CJIif BiIMITUTH, 110 Pi3HMULS YacTOT KJITUH B
CTaHi aIronTo3y B KyNbTypax KIITWH-CBIIKiB (IIpU pe-
amizawii RIBE, TIBE, RIBE+TIBE) He € ctaTucTuuHO
3Hauyioto (p > 0,05).

Ha BiaMiHy Big OZHOCHPSIMOBAHOIO 3POCTaHHS I10-
Ka3HMKIB alloNITUYHOI aKTUBHOCTI, B KJIITMHAX CBigKax
BigMiueHe MagiHHS PiBHS «KOMET» 3 BUCOKMM CTyIIeHEeM
nomkomxeHb JJHK (rpyma 10) mpu peanizanii RIBE (3
(10,0 £ 1,22) % na 100 KIiTUH B IpyHi KOHTPOJIO 10
0,00 % B KynbTypax KJITUH-CBIIKiB) Ta 3pOCTaHHS IIPU
TIBE (mo (26,87 £ 1,91) % na 100 xiiTiH 1o rpymi B ce-
penHboMy). B Toit xe uyac peanizauis RIBE+TIBE
npu3Besa A0 MaaiHHs piBHS KaiTuH rpynu 10 1o mokas-
HUKiB KoHTpouo ((9,23 £ 1,20) % Ha 100 kiiTuH), 110
BigOYJI0Ch 32 paxyHOK 3pPOCTaHHS YaCTOTHU KJITMH, SIKi
3aTpUMaIMCh B MOALUT Ha S-cTadil KJIITUMHHOTO LUKITY
(puc. 4).

TakyM YMHOM, TOPiBHIOIOYU pe3yJIbTaTu, OTPUMaHi B
excriepuMeHTax: iHaykTop (JITIK ymoBHO 3m0poBux
ocib) — cBigok (JITTK yMOBHO 3m0poBUX OCi0) Ta iHAYK-
Top (KJIITMHU KpoBi oci0, xBopux Ha XJIJI) — cBimok
(JITIK ymoBHO 3m0pOBUX 0Ci0), CIiJ Big3HAYWTH, IO

ied from (1.96 £ 0.49) % per 100 cells (control group)
to (15.87 = 2.64) % (RIBE) (20.42 £ 1.92) % (TIBE)
(17.59 £ 1,69) % (RIBE + TIBE) per 100 cells, res-
pectively. At the same time, it should be noted that
the difference in the frequencies of apoptotic cells
in the cultures of bystander cells (at the manifesta-
tion of RIBE, TIBE, RIBE + TIBE) was not statis-
tically significant (p > 0.05).

In contrast to the unidirectional growth of apoptot-
ic activity indices, it was observed a decrease in the
level of «<comets» with a high degree of DNA damage
(group 10) in bystander cells under RIBE maniftes-
tation(from (10.0 & 1.22) % per 100 cells in the con-
trol group to 0.00 % in bystander cell cultures) and
increase under TIBE (up to (26.87 = 1.91) % per 100
cells in average). At the same time, the overlap of
RIBE and TIBE led to a drop in the level of cells
from group 10 to control value ((9.23 £ 1.20) %
per 100 cells) as well as increase in the frequency of
cells that were delayed in division at the S stage of
the cell cycle (Fig. 4).

Thus, comparing the results obtained through
the cocultivation of inductor cells (PBL of condi-
tionally healthy individuals or CLL patients) with
bystander cells (PBL of conditionally healthy indi-
viduals) it was observed that irradiated blood cells
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BIIUB OMNPOMIHEHUX KIITMH KpoBi xBopux Ha XJIJI
MPU3BOIUTH 10 MOCUJICHHSI MaHidecTallii edeKkTy cBigka
B JITIK yMOBHO 310pOBUX OCi0.

BUCHOBOK

30ir NyXJIMHHO-iHAYKOBAHOIO Ta padialiiiHO-iHIyKOBa-
HOTO e(eKTiB CBigKa, BUKJIMKAHUX ONPOMiHEHUMU
kiiTuHaMu KpoBi xBopux Ha XJIJI B JITIK yMoBHO 310-
pOBMX OCi0O MpU 1X CIIJIBHOMY KYJbTUBYBaHHi, TPHU3BO-
IUTb B OCTAaHHIX A0 MOCUJEHHS MaHidecrauii edekTy
CBiIKa.

KoHdniKT iHTepeciB
ABTOpPH AEKIapYyIOTh BiACYTHICTh KOH(JIIKTY iHTEPECiB.

diHaHcyBaHHS

HocnimkeHHsT BUKOHAHI B paMKaxX HayKOBO-IOCHiIHOI
pobotu «JlocnimkeHHsT edeKTy CBilKa, iHIYKOBaHOTO
ONpPOMiHEHUMM in Vitro JIeMKeMiYHUMMU KJIITUHAMU XBO-
pPUX Ha XPOHIYHY JiM(oLIMTapHY JeHKeMilo, Ta MOXJI-
BOCTi ioro moaudikalii acrakcaHTMHOM», No mepx-
peectparii 0118U003770.
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of patients with CLL enhanced the manifestation
of bystander effect in the PBL of conditionally
healthy individuals.

CONCLUSION

The overlap of the tumor-induced and radiation-
induced bystander effects in PBL of conditionally
healthy individuals caused by irradiated blood cells
of patients with CLL during their cocultivation
leads to an increase in the manifestation of the
bystander effect.
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