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AHHOTauus: BpICTpO pa3BHBaromIyiecs Ja3epHBIE TEXHOJIOTUHU IOJIOKWIA HAYall0 HBOJIOIUH
YCKOpUTENIEH YacTHll, TeHEpUPYEMbIX Ja3epoM, B KaueCTBE albTEPHATUBBI CYLIECTBYIOILIEMY
obopynoBanuto. Llenpio manHON paboThl ObUTO M3ydeHHE (HOPMHUPOBAHMS M penapanuu Oeika-
Mapkepa OBYyHUTEBBIX pa3pbiBoB JIHK ¢ocdopminupoBannoro ructona (YH2AX) B KynsType
KJIETOK XPOHUYECKOT0 MUEIOUAHOTO Jieiiko3a (K562) 1 HOpMalbHBIX MOHOHYKJICAPHBIX KIIETKAaX
nepudepuueckoit kposu (MKIIK) denoBeka nocne 00dydeHHs! YABTPAKOPOTKHM HUMITYIbCHBIM
AJIEKTPOHHBIM ITyYKOM METOJIOM IPOTOYHOW IUTOMETPUH. Pe3ynbTaThl UCCIIEOBAHHHA TOKA3aIIH
4TO, YPOBEHb 00pa3zoBaHus ABYHUTEBbIX pa3pbiBoB JIHK u kuHeTuka penapauuu oTIM4aroTcs B
omyxoneBbix K562 n Hopmanbabix MKIIK kneTkax.

KitoueBsie cnoBa: obnyuenue; nasepubie yeckoputenu; APEAJL; ynbTpakopoTKuii UMIYyIbCHBIN
3JIEKTPOHHBIN My40K; mpoTouHas nutoMmerpust; YH2AX; K562; MKIIK.

Abstract: Quickly developing laser technologies have started the evolution of laser-generated
particle accelerators as an alternative to current equipment. The aim of this work was to analyze
the formation and repair of phosphorylated histone yYH2AX as a marker of DNA double strand
breaks by flow cytometry in human chronic myeloid leukemia (K562) and normal peripheral blood
mononuclear cells (PBMCs) in response to ultrashort pulsed electron beam irradiation. Our results
indicated that DNA DSBs formation level and repair kinetics was different in cancerous K562 and
normal PBMC cells.
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Introduction

In the field of modern radiotherapy, the creation and development of a new generation of
accelerators is actively developing, which opens up new avenue in increasing the effectiveness of
cancer radiotherapy. Laser-driven particle beams generated by linear AREAL accelerator at the
“CANDLE” Synchrotron Research Institute (Armenia) are characterized by ultrashort duration
(femtoseconds), high peak dose-rate (up to tens of Gy/s during pulse), monoenergetic spectral
profile and low side divergence [1]. It is known that the DNA double-strand breaks (DSBs) are the
most harmful lesions induced by ionizing radiation (IR), and the phosphorylated histone H2AX
(YH2AX) is a marker of DSBs formation after irradiation [2].The aim of this work was to study
the formation and repair kinetics of YH2AX as a marker of DSBs in human blood cancer (K562)
and normal peripheral blood mononuclear (PBMCs) cells in response to ultrashort pulsed electron

beam generated by AREAL accelerator.

Materials and Methods
PBMC:s isolation and cell culture

Blood samples were collected by venipuncture from healthy donors. PBMCs were isolated using
Ficoll-Pague (Sigma Aldrich, Germany) density centrifugation. Both the K562 (chronic
myelogenous leukemia) and PBMCs were cultivated in RPMI-1640 (Sigma Aldrich, Germany),
supplemented with 10% Fetal Bovine Serum (HyClone, UK), 2mM L-glutamine (Sigma Aldrich,
Germany), 100 1U/ml penicillin (Sigma Aldrich, Germany) and 100 pg/ml streptomycin (Sigma
Aldrich, Germany) at 37°C, 5%CO. Prior to irradiation, 2 ml of cells at the density of 0.5 x 10°

cells/ml was transferred to the Eppendorf tubes (Sigma Aldrich, Germany).
Irradiation

Irradiation was carried out using an electron beam generated by a laser-driven radiofrequency gun-
based linear AREAL accelerator [1]. The beam main parameters are: beam charge-30 pC, electron
energy-3.6 MeV, pulse duration-450fs, pulse repetition rate-20 Hz, beam spot size-15mm, RMS
energy spread<1.15%, online dosimetry was performed by Faraday cup. Cells were irradiated at

doses of 4 and 8Gy, with a repetition rate of 20 Hz. The mean absorbed dose-rate of 11.70 + 0.98



Gy/min was calculated over the period of irradiation and 1% charge fluctuation and 1% beam

energy fluctuation was taken into account.
YH2AX assay by Flow cytometry

30 min, 1, 4 and 24h post-irradiation, the cells were fixed in fixative solution (BD Biosciences,
554655) for 30min at 4°C, followed by permeabilization with Perm Buffer 111(BD Biosciences,
558050) and washing with stain buffer (BD Bioscience, 554656). Afterwards, the cells were
incubated with yH2AX - PE antibody (BD Biosciences, 552377) for 30 min in dark. Stained
samples were analyzed on BD FACScan flow cytometer (Becton Dickinson, San Jose, CA) and
10000 non-debris events were obtained. The data was analyzed using CellQuest Pro (Becton
Dickinson San Jose, CA) software.

Statistical analysis

Data analysis was performed by Graph Pad Prism 5.01 (Graph Pad Software, USA).The results
are presented as the means + standard error (SE). Statistical significance was tested by
nonparametric Kruskal-Wallis with Dunn’s multiple comparisons test. A p<0.05 was considered

as statistically significant.
Results and discussion

The results of DNA DSBs formation and repair kinetics in human blood cancerous and normal
cells after ultrashort pulsed electron beam irradiation are presented in Fig. 1. The overall level of
DNA damages in human PBMCs was higher as compared to the K562 cells at all doses of
irradiation and time points. In case of cancerous K562 cells the peak level of yH2AX formation
was observed 1h-post irradiation at the doses of 4Gy and 8Gy. After 4h and 24 h of exposure the
reparation activity was evident in K562 cells, however the level of DNA DSBs after 24 h was

significantly higher than that of 30 min post-irradiation (Fig. 1a).



K562 PBMCs
100 m 4G
40 m 4Gy y
» 30 T - © 80 m 8Gy
o m8GY || g g0 -
220 - O
Y Y=
[5) o 40 -+
X 10 - X
0 - 20 -
30min  1h 4h  24h 0-
30min 1h 4h 24h
Figure a Time Figure b Time

Figure 1. The kinetics of y-H2AX foci formation in human cancer (a) and normal (b) cells.

The percentage of cells with higher number of yYH2AX was shown in case of irradiation at the dose
of 4Gy as compared to 8Gy irradiation, which can be attributed to the death of cells with highly
damaged DNA after lethal dose irradiation (8Gy). In case of PBMCs, the increase in the percentage
of cells expressing YH2AX was observed at both doses and all studied time points, reaching 73%
at 24h post-irradiation (Fig. 1b). Thus, these results may indicate inhibition of the reparation

activity in normal blood cells.

Conclusion

The level of DNA DSBs formation and repair kinetics are differ in human blood cancerous K562
and normal PBMC cells at sub-lethal and lethal doses of irradiation with ultrashort pulsed electron
beam irradiation. In K562 cells the reparation activity is observed at 4h and 24 h time points, while

in PBMC:s the increased level of DNA DSBs in dose and time-dependent manner was evidenced.
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