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PAJIALIITHO-IHAYKOBAHA XPOMOCOMHA HECTABLJILHICTD
JIMPOLIUTIB JIIOANHUA K ITOKASHUK PU3UKY PAKY
I'PYJIHOI 3ATIO3U

MeTa po6oTu: ouiHuTK BapiabenbHicTb YacToT abepaliit XpoMOCOM, iHAYKOBAaHUX in vitro onpoMiHeHHAM B niMdo-
uutax nepucepuynoi kposi (JINMK) xBopux Ha pak rpyaHoi 3ano3w (PI3) B pi3HMX dasax KNITMHHOTO UMKy Y
NOPiBHAHHI 3 YMOBHO 340pOBMMM 0COGAMMU.
Marepianu i metopu. 3pasku nepucepuyHoi kpoBi ana noctaHoBku Kynbetyp JIMK oTpuMaHo y 44 yMOBHO 340POBUX
KIHOK Ta 'y 37 XiHOK, nepBUMHHMX xBopux Ha PI3 I-II ctapii (T1-2N1MO). OnpomiHeHHs KniTuH 3ailicHioBanu B GO Ta
G2 da3i kniTuHHOro unkny (GO Ta G2-TecT) peHTreHiBCbKUMU NpomMeHsaMU B fo3i 1,5 [p nepepn ctumynsauieto nimgo-
umti ®TA (GO Tect) Ta B 8031 0,5 [p Ha 47 rop kKynbTuByBaHHA (G2 TecT). NpurotyBaHHA npenapartiB MeTatasHUX Xpo-
MOCOM 3[iNCHIOBANM 33 CTaHAAPTHOK METOAMKOH.
Pe3ynbratn i BUCHOBKM. MixiHauBigyanbHa BapiabenbHicTb piBHiB abepaliii XxpoMocoM, iHAYKOBaHNUX ONpOMiHeH-
HAM B G2 dha3i, Oyna 3HAYHO BULOK Y NOPIBHAHHI 3 GO ONpOMiHEHHAM AK Yy Tpyni 3OPOBUX [OHOPIB, TaK i XBOPUX Ha
PI3. 3a paHumu G2 TecTy YacTka ocib 3 migBuweHot pagiauinHoto yymueicTio JINK cknana 11,4 % cepep 300pOBUX
noHopiB Ta 38 % cepepn xBopux Ha PI3. OpepaHi pe3ynbTati cBigyaTh Ha KOPUCTb rinoTe3un npo 38'a3ok PI3, xpomo-
COMHOT HecTabinbHOCTI, Wo BusABAseTbca npu onpomiHeHHi JINMK B G2-asi, Ta edekTUBHicTIO NpoueciB penapalii
pafiauinHo-iHaykoBaHux nowkomkeHb OHK B Uit dasi knitHHOro ymkny. Ocobu 3 rpynu 340POBOr0 KOHTPOJKO 3
nigBuieHoto papiauintoto yytameicTio JIMK, BU3HayeHoto 3a G2 TeCTOM, BUMaraioTb NOAANbLWMUX 0OCTEXEHb 3 METOK
BCTAHOBJIEHHS CXMUAbHOCTI Ao PI3 Ta nepBMHHOT NpodinakTUKM paaialinHo-iHAYKOBAHUX 3N10AKICHUX NATONOrii.
Knio4oBi cnoBa: pagialiiiHa YyTnuBicTb NIOAMHM; paK rpyaHoi 3ai03u; abepallii xpomocom; G2 TecT.
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Radiation-induced chromosomal instability of human lymphocytes as a
marker of breast cancer risk

Objective: to assess the variability of the levels of chromosome aberrations induced by the in vitro irradiation of
lymphocytes of breast cancer (BC) patients in comparison with healthy individuals.

Materials and methods. Samples of peripheral blood for lymphocyte cultures were obtained from 44 healthy women
and 37 primary patients with BC (T1-2N1MO0). Lymphocyte X-ray irradiation was carried out at GO and G2 phase of
lymphocyte cell cycle (GO and G2 assay) with the dose of 1,5 Gy before PHA stimulation in GO assay and 0,5 Gy - at
47 h of cultivation in G2 assay. Preparations of metaphase chromosomes were made according standard protocols.
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Results and conclusions. Inter-individual variation of G2 chromosome aberration yields was significantly higher in
comparison with GO chromosomal radiosensitivity in both examined groups. According to G2 assay the fraction of
individuals with elevated chromosomal radiosensitivity among healthy women and BC patients was 11.4 and 38 %,
respectively. The results obtained support the concept of association between predisposition to BC, radiation-
induced G2 chromosomal instability and efficiency of DNA repair activated by cell irradiation in G2 phase. It is
assumed that individuals with elevated G2 aberration scores from the control group need further examinations on
the BC risk and primary prevention of radiation induced cancer.

Key words: human radiation sensitivity, breast cancer, chromosome aberrations, G2 chromosomal radiosensi-

tivity assay.
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BCTYII
O1iHKa BeJIMYMHU i MPOTHO3 CTYNEHS iHAUBITyalbHOI pa-
nianiitHoi wytauBocTi (IPY) moauHu 3aiMiatoTecs akTy-
aJIbHOIO0 (DYHIAMEHTAIBLHOIO Ta IMPAKTUYHOIO IIPO0OJIEMOIO
pamiaiifiHoi 6iosorii i MeIUIIMHM, OCKUIBKM 32 TaHUMU
nireparypu Bix 10 mo 20 % mormyJisiiii cKJiaaaoTh 0Co0H 3
MiABUILIEHOI YYTIMBICTIO 10 10HI3YIOUOIO0 BUIIPOMIiHIO-
BanHg (IB) [1, 2]. Bupimennsa miei mpobiemMu B Tpak-
TUYHIN TTOLIMHI TTOB’sI3aHe 3 HEOOXiTHICTIO yIOCKOHA-
JIGHHS$I OLIIHKM paialliiHUX PU3MKIB 3 ypaxyBaHHSIM 0OCi0
3 TABUILEHUMU ITIOKa3HUKAMHU PaigodyyTJIUBOCTi, pO3-
POOKM HOPM pajialliiiHOTO 3aXUCTY, 3aX0/1iB NPOdiIaKTU-
KM paHHIX Ta BimgajieHuX ycKJIagHeHb MpodeciitHoro,
JiaTHOCTUYHOTO Ta TEPArieBTUYHOTO OIIPOMiHEHHS TOIIIO.
OauH 3 HanpsIMKiB JOCTiIKEHb Mpo0JeMHy pafialiitHol
YYTJUBOCTI JIOAUHU — TIOLIYK iH(OpMaTUBHUX Ta MPOT-
HocTMuHUX MapkepiB miasuilieHoi [PY. Cepen Hux 1iuto-
TeHEeTUYHi MapKepHu 3aiiMaroTh 0COOJIMBO MiClie, OCKiIbKI
JIO3BOJISIIOTh HE JIMILE 3IiICHIOBATM KiJIbKiICHUI aHasi3
CTyIIeHSI pafialliiHO-iHAYKOBAHOTO YPaXK€HHSI XPOMO-
COMHOTO arnapaTy KJIiTUH, a i1 BitoOpaxkaioThb CTYITiHb XPO-
MOCOMHOI HeCTa0iIbHOCTI, OB’ 13aHO1 3 PU3BUKOM KaHIIe-
poreHe3y. BuBueHHST 0araThboxX CHAgKOBUX CHUHIPOMIB
XpPOMOCOMHOI HeCTaOiTBbHOCTI (aTakcisg-TeJeaHTieKTasisl,
aHemis Mankoni, cunapom biroma, Kokkeitna, Hiitme-
TEHCbKUIA CUHIPOM JIAMKOCTi XpOMOCOM, MPOrepii TOLLO)
BUSIBIJIO BUCOKY YYTJIMBICTh KJIITUH LIMX XBOPHX JI0 AOAAT-
KOBOIi, “TIpOBOKATUBHOI” [Iii pafialiii, o olliHIoBaIach 3a
LIMTOTEHeTUYHUMU TMOoKa3HMKaMu. HelonaBHi mgociin-
JKEHHSI IPOIEMOHCTPYBAI BUCOKY BapiaOembHICTh LIMTO-
FeHEeTUYHUX MapKepiB B JiMdouuTax mnepudepruuHoi
kpoBi (JITTK) OHOKOJIOTiYHMX XBOpPMX 3 Pi3HOIO JIO-
KaJtizalli€lo 3JI0SKiCHOTO MPoLIecy 3a YMOBH in vitro 1ii IB y
BiIHOCHO HeBUCOKUX no3ax (mo 0,5 Ip), Tomi sIK 3 migBU-
ILIEHHSIM 103 ONPOMiHEHHSI MiXiHAMBiAyaJdbHa Pi3HULI
HiBemoeThes. Cepen 0ci0, v IKMX HalfyacTillle BUSBIISIOTH
MiABUILIEHUI piBeHb pajiallifHO-iHIyKOBaHOI XpOMOCOM-
HOI HecTaOiIbHOCTI, — TIALIEHTU SIK i3 BCTAHOBJICHUMU
CMAAKOBUMU TCHETUYHUMU AedeKTaMu (HaIlpUKIIam,
Hocii ATM, BRCA1/2 mytauiii/moixiMop¢dHMX BapiaHTIB),

INTRODUCTION

Estimation and prognosis of human individual
radiation sensitivity (IRS) remains relevant funda-
mental and practical problem of radiation biology
and medicine as according to the literature data
from 10 to 20 % of human population are individ-
uals with elevated sensitivity to ionizing radiation
(IR) [1, 2]. This problem in practical terms is
related to the need to improve assessment of radi-
ation risks, taking into account persons with high
IRS; development of new standards of radiation
protection; prevention of early and remote com-
plications after professional, diagnostic and thera-
peutic radiation, etc.

Searching informative prognostic markers of
increased IRS is among the main efforts to solve
the problem of human radiosensitivity at large.
From this point of view the cytogenetic markers
are of especial importance as allow not only the
quantitative analysis of the level of chromosomel
lesions, but also reflect the degree of chromosomal
instability associated with genome instability and
cancer risk. Investigations of cells from patients
with syndromes of chromosomal instability (atax-
ia-teleangiectasia, Fanconi’s anemia, Down,
Bloom, Li-Fraumeni, Nijmegen breakage syn-
dromes, etc.) clearly showed high sensitivity of
their cells to additional “provocative” irradiation
(assayes by cytogenetic events and indices). Recent
studies have demonstrated the high variability of
cytogenetic markers in peripheral blood lympho-
cytes (PBL) of cancer patients with different
tumor localization provided by the in vitro irradia-
tion with relatively low doses (up to 0.5 Gy), while
increasing the dose leveled inter-individual differ-
ences. Among individuals with elevated radiation-
induced chromosomal instability are patients with
established hereditary genetic defects (e.g., carri-
ers of ATM, BRCA1/2 mutations/polymorphic
variations) and sporadic cancers [4—6]. In some
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Tak i criopammyHUMK  (opMaMul paky [4—6]. ¥V yacTuHU
MNAaLieHTIB 3i criopaguuHUMU (POpMaMU paKky IpydHOI 3a-
no3u (PI'3) icTroTHY poJib Y pO3BUTKY OHKOITATOJIOTII MO-
KyTb BimirpaBaTM T€HU HHU3bKOI TMEHETPAHTHOCTI, IO
BiIMOBialOTh 32 e(peKTUBHICTh POOOTH TaK 3BAHOI CUCTE-
mu Binnosiai Ha momkomkeHHs JITHK (DNA damage
response, DDR), po3BUTKY HeCTaOiTbHOCTI TeHOMY Ta
¢opMyBaHHS paliodyTIMBOro (DeHOTUITY KJTiTHH [7]. BBa-
KaloTh, 110 MyTallii/moniMopdidM KaHAMIATHUX TeHiB
HM3bKOI Ta MOMipHOI MEHETPAHTHOCTI, BiAMOBIAAIbHUX 32
pO3Ili3HaBaHHSI, perapaiilo Ta ejliMiHalil pagialiiiHO-
inmykoBaHux nomkomkeHb JIHK (ckaximo, ATM, NBS1,
XRCC1, XRCC3, XRCC6, hRADS51, CYP17, BRIP1, BARDI
TOLLIO), MOXYTb OyTU (paKTOpOM puU3uKy hopmyBaHHs PI'3
[8]. B Toi1 ke yac 11i TeHr po3MISAaloThCs K KaHAWAaTHi
TeHM palialliifHOl YyTJIMBOCTI Ta pamialliiiHO-iHIyKOBaHOI
XPOMOCOMHOI HeCTa0iIbHOCTI. TaKMM YMHOM, MiABUILIEH]
piBHi pagialiiiHO-iHAYKOBaHMX abepaliii XpoMOCOM MO-
KYTh BUCTYIIATH SIK OIIOCEPEAKOBaHI MapKepu My-
Talii/moniMop@i3My BiIIMOBIIHUX I'eHiB.

AHani3 pagialiifHo-iHIyKOBaHUX IUTOT€HETUYHMX I10-
ka3HuKiB B JITIK moaMHu 103BOJSIE OLIHUTY 1X MiKiHIM-
BiIyaabHy BapiaOeabHICTh, SIKa BiIMidYaeThes B Pi3HUX da-
3aX KJIITMHHOTO LIMKJTY, IIPOTe € HAMOLIbII BUPAXKEHOIO B
pamiouynmmBit G2 asi. Hocmimkennss G2-pamianiiiHoi
yymuBocTi JITTK xBopux Ha CrtaaKoBi CUHIPOMU, 1O CYTI-
POBOIKYIOTHCSI XPOMOCOMHOI HECTaOUIbHICTIO Ta BUCO-
KOIO CXWJIBHICTIO 0 paKy, JIAIIM B OCHOBY po3pooku G2-
TECTY, 1110 T03BOJISIE KiJTbKICHO OLIIHUTHU i TTOPIBHSTH BEJIU-
YUHY pafialiifHOI YyTJIMBOCTI JIIOAMHA HA XPOMOCOMHOMY
piBHI comaTnuHUX KJIiThH [9]. 3 BukopuctaHasM G2-Tec-
TY HaMu OyJI0 TToKa3aHo, 110 11 % BUOipKM yMOBHO 310PO-
BUX xkuteiB M. Kuepa (Gutbr Hixk 140 o0cTekeHMX ocid Ha
CbOTOJIHI) MaIOTh IMiABUILIEHY YaCTOTy abepalliii XpOMOCOM
B JITIK 3a gii Tectytouoro orpomineHHs B G2 ¢asi [10].

META

MeTto1o poboTu OyJI0 OLIHMUTU BapiaGeabHICTb YACTOTHU
abepalliii XxpoMOCOM, iHIYKOBAaHUX in vitro ornmpoMiHeH-
Hsam B JITIK xBopux Ha pak rpyaHoi 3amo3u (PI3) B
pi3HUX (ha3ax KIITMHHOTO IUKJTY Y MOPiBHSIHHI 3 YMOB-
HO 3I0POBMMHU OCOOAMM.

MATEPIAJIA I METOAU

LluToreHeTUYHI OOCTEXEHHSI 3I0POBUX OCiO Ta OHOKO-
JIOTIYHUX Talli€HTIB NPOBOAMIMCH BiIOBIAHO A0 MPO-
TOKOJTY, 3aTBEPIXKEHOMY KOMiCi€lo 3 0i0JIOTIUHOI €TUKU
IHcTUTYTY ekcrnepuMeHTaabHOI MaToJIoril, OHKOJIOTII i
panio6iosorii iMm. P. €. Kaseubkoro HAH VYkpainu.
3pa3ku nepudepruyHoOi KpOBi 1181 TTOCTAHOBKU KYJIBTYD
JITIK otpmumano y 44 yMOBHO 3J0pPOBUX XKiHOK BiKOM
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patients with sporadic breast cancer (BC) the low
penetrance genes can play a significant role in the
development of cancer pathology being responsi-
ble for the effectiveness of the so-called system
response to DNA damage (DNA damage re-
sponse, DDR), development of genomic instabili-
ty and formation of cells with a radiosensitive phe-
notype [7]. It is believed that mutations/polymor-
phisms of candidate genes of a low and moderate
penetrance that are responsible for recognition
and repair of radiation-induced DNA damage
(e.g., ATM, NBSI, XRCCI1, XRCC3, XRCCo,
hRADS51, CYPI17, BRIPI, BARDI, etc.) may be a
risk factor of BC genesis [8]. Since these genes are
considered as candidate genes of radiation sensi-
tivity and radiation-induced chromosomal insta-
bility thus the elevated levels of radiation-induced
chromosome aberrations may serve as indirect
marker of mutations/polymorphisms of relevant
genes.

Metaphase analysis of radiation-induced cyto-
genetic markers in PBL allows assessing their vari-
ability that is observed in different phases of cell
cycle, but is most pronounced in the radiosensi-
tive G2 phase. Examinations of G2-radiation sen-
sitivity in patients with hereditary syndromes of
chromosomal instability formed the basis for G2-
assay, which allows quantifying and comparing the
values of radiation sensitivity in human somatic
cells on chromosomal level [9]. Using G2-assay,
we showed that 11 % among healthy Kyiv inhabi-
tants (more than 140 persons examined to date)
have an increased frequency of chromosomal
aberrations in PBL after in vitro test irradiation in
G2 phase [10].

OBJECTIVE

The objective of the presented study was to assess
the variability of the frequency of chromosome
aberrations induced by in vitro exposure of BC
patients’ lymphocytes in different phases of cell
cycle in comparison with healthy individuals.

MATERIALS AND METHODS

Cytogenetic examination of healthy donors and
cancer patients was carried out according to the
protocol approved by the Bioethics Committee of
R.E. Kavetsky IEPOR of NAS of Ukraine. Blood
samples were obtained from 44 healthy women,
aged between 28 — 55 years (mean age — 43 years)
without cancer in family history and primary 37
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28—55 pokiB (cepeaHiil Bik — 43 poku) Ta y MEPBUHHUX
xBopux Ha PI'3 I-II cranii (T1-2N1MO0), gki He Manu

BUTAJKIB paKy B ciMeiiHOMY aHaMHe3i, — 37 XiHOK
BikoMm Bin 31 mo 81 pokiB nepen KypcoM pajio-/XiMioTe-
parii.

OnpoMiHeHHS 3pa3KiB KpOBi KOXHOro JOoHOpa
smiicHoBasi B GO dasi Ta G2 dasi KITUHHOTO ITNKITY
(GO-tect Ta G2-TeCT) PEHTreHiBCHKUMU TIPOMEHSIMU
(amapat PYM-17, Hanpyra Ha tpy6ui 200 kB, ctpym
10 MA, dinsrp 0,5 MM Cu + 1 mMm Al) B no3i 1,5 Ip nepen
crumysiuieto giMmbountisB ®IA (GO-tect) Ta B 1031
0,5 Ip Ha 47-1# ronuHi KynsTuByBaHHS (G2-Tect). Ha 48-i1
TOMWHI KyJbTUBYBaHHSI B MpoOipku mpogaBagu 100 MK
PO34YMHY KOJILIEMiTy, Micas YOro KJIiTUHU (iKCyBaau Ta
¢apOyBaim BIigIMOBIZHO OO CTAHAAPTHOTO ITPOTOKOIIY
[11]. Lle mo3Boamyio aHaJi3yBaTU KJIITUHU B MEPLIOMY
nocTpamialiiHoMy Mito3i. I1pu aHanisi pesyasrariB GO-
TECTY Ta CIIOHTAHHOIO PiBHS paxyBaJM KiJIbKiCTh abe-
pailiif XxpOMOCOMHOTO Ta XpoMaTuaHoro Ty Ha 100 Me-
tadas. Pesynbratn G2-TecTy po3paxoByBal 3a 4acTO-
TOI0 abepalliii XpoMaTUIHOTO TUMY (XpOMaTUIHI Ta i30-
XpoMmatuaHi po3puBu) Ha 100 meTadas.

Koedimient Bapiawii omepxxaHux mnokasHukiB (CV)
BU3Havaau 3a OpMYyJIOIo:

CV = (SD/M) x 100,

ne SD — crangapTHe BigxuiaeHHSI, M — cepeIHbOTPYIT0-
Be uMcio abepalliii xpoMocoM. BincoTok ocib 3 mokas-
Hukamu nigsuineHoi [PY Bu3Hayaaiu BUKOPUCTOBYIOUU
3HaueHHs 90-ro nmepceHTUs, sIK onucaHo B [8]. 3a no-
nomorow U-tecty MaHa-¥YiTHI mopiBHIOBajIu IIpPoO-
MOPLil YyTIMBUX AOHOPIB 3 pi3HUX Tpym. PiBeHb moc-
ToBipHOCTi ckiagaB p<0,05. Kopensuilo moka3HUKiB
OLliHIOBa/IX 3a AornoMoroto koediuieHrta ITipcona. Po3-
MO OJepKaHNX UTOTeHETUIHMNX napameTpiB B GO-
ta G2-TecTax MoAEII0OBaIN SIK OiHOMIiaIbHI, 1110 CKJIaaa-
IOTbCSl 3 JIBOX HOPMaJbHUX PO3MOALIIB 3 Pi3HUMH Ce-
PEeOHBOTPYIIOBMMM 3HAYEHHSIMU 3a JOIIOMOTOIO IIPOT-
pamHoro nakety Origin 7.0.

PE3VYJIBTATU TA OBTOBOPEHHS
Ha puc. 1 mokazaHo cepeTHBOIPYITOBi IIUTOTEHETUYHI IT0-
KasHuku, onepxkati mpu orpomineHHi JITIK B GO ta G2
(hazax KJIITUHHOTO IIMKJIY YMOBHO 3IOPOBHUX 3KiHOK Ta Mep-
BUHHMX XBopuX Ha PI'3, 1110 He Majli OHKOJIOTiYHOI 3aXBO-
PIOBAHOCTI B ciMeitHOMY aHamHe3i. Ha puc. 2 npeacrasie-
HO TicTorpamMu ofep:KaHux murtoreHeTmyHuX gaHnx GO (A)
i G2 (B) TecTiB B rpymi KOHTpo0 Ta XBopux Ha PI'3.
Onep:kaHi JaHi 100 CIIOHTAaHHOTO PiBHS abepalliit
XPOMOCOM Y IpyIliax 00CTeXEeHUX XKiHOK CBigyaTh IIpo
BiJICYTHICTb JOCTOBIpHOI pi3HULII B CEpeIHbOTrPYIIOBUX

BC patients aged between 31—81 years (mean age
— 56 years) with no family history of cancer and no
prior radio- or chemotherapy courses. The tumors
were T1 or T2 stage, NO or N1, MO (UICC TNM
stage), grade form I—III.

The blood samples from each donor were irradi-
ated in GO and G2 phases in 1.5 Gy dose of X-rays
(300 kV, 10 mA, HVT 0,5 mm Cu + 1 mm Al)
before lymphocyte stimulation with PHA (GO0-
test) and in 0.5 Gy dose at the 47" hour of incuba-
tion (G2-test). At the 48" hour of incubation 100
ul of colcemid solution was added. Cells were fixed
upon that and stained according to the standard
protocol [11]. This procedure had provided possi-
bility to analyze the cells in the first post-radiation
mitosis. In analyzing the results G0-test and spon-
taneous level of chromosomal aberrations counted
the number and type hromatydnoho 100
metaphases. G2-test results calculated by the fre-
quency of aberrations hromatydnoho type (hro-
matydni and izohromatydni breaks) per 100
metaphases.

The coefficient of variation of received values
(CV) was determined as follow:

CV=(SD/M) x 100,

where SD is the standard deviation, M — mean
of aberration yield. The proportions of G0 and
G2 radiosensitive individuals were calculated
using 90" percentile as described in [8]. Using the
U-Mann-Whitney test the proportions of sensitive
donors from different groups were compared.
Confidence level was set as p <0.05. Correlation
parameters were assessed by Pearson's coefficient.
Distributions of received cytogenetic parameters
in GO0- and G2-tests were simulated as binomial,
consisting of two normal distributions with differ-
ent mean group values using the Origin 7.0 soft-
ware package .

RESULTS AND DISCUSSION
Fig. 1 shows average cytogenetic data obtained
after PBL irradiation in G0 and G2 phases of cell
cycle at the groups of healthy women and
patients with primary BC that had no cancer
incidence in family history. Fig. 2 shows the dis-
tribution of G2 (A) and GO (B) assay scores for
these groups.

Analysis of spontaneous chromosome aberra-
tions levels in the examined groups indicate no sig-
nificant difference in the average values (1.1 & 0.32
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PucyHoK 1. CepepHborpynoBi 3HaueHHA CMOHTaHHOro piBHA abGepauit xpomocom, yactoTu abepauin
XPOMOCOM, iHAYKOBaHUX onpoMiHeHHAM nimcouutie B GO Ta G2 ¢ha3ax KNITMHHOrO LMKAY B rpynax yMoOBHO

3[0POBUX XKiHOK Ta xBoOpux Ha PI3

Figure 1. Average values of spontaneous chromosome aberrations; frequency of chromosome aberrations
induced by irradiation of lymphocytes in GO and G2 phases of the cell cycle in groups of healthy women and

BC patients

3HadyeHHsx (1,1 £ 0, 32 ta 1,9 = 0,64 na 100 meTadas,
BigmosinHo; p > 0,05). He cmoctepiranochk 10CTOBipHOIL
pi3HUILI MiX cepelHiMM 3HAYEHHSIMU 4YacTOoTu ale-
pauiit xpomocoM npu onpomiHeHHi B GO ¢azi Mix rpy-
noio KoHTpodo Ta xBopux Ha PI3. KoedimieHr
Bapiauii 3arajgbHOi 4acTOTH abepalliii XpOMOCOM B
KOHTPOJIbHIH rpymi ckianaB 9 %, B TpyIni XxBopux — 12
% . BukopucroByouu 3HadeHHs 90-T0 MepCeHTIITIO Oy -
JIO BU3Ha4YeHO, 110 7 % 3 rpynu KOHTpoJito Ta 13 % rpy-
MY OHKOJIOTIYHUX MAalli€HTiB MaJIM MiABUILEHUI piBEHb
3arajbHOI YaCTOTH abepalliif XxpoOMOCOM 3a pe3yjbTaTa-
mu GO-Ttecty.

CepeIHbOrpyIoBe 3HAYEHHS YacTOTH abeparliii Xpo-
MOCOM, iHIYKOBaHMX TecT-oIpoMiHeHHSIM B G2 a3si
KJIITUHHOrO MKy y xBopux Ha PI'3, Oyyio icTOTHO BU-
111, HiXX B TpyMi YMOBHO 310poBUX AoHOpiB: 100,3 + 12,3
i 61,2 £ 8,0, BinnosizHo (p < 0,001). KoediuieHT
Bapiallii yacTtoTu abepaliii XpoMOCOM, iHIYKOBaHMX
TecT-onpoMiHeHHsIM B G2 ¢as3i K B TpyIi YMOBHO 3/10-
POBUX 3KiHOK, TaK i OHKOJIOTiYHMX Iali€EHTOK OyB BU-
nii, Hix pu orpoMineHHi B GO: 15126 %. 5 3 44 ocib
3 rpynu koHTpoJto (11,4 %) ta 14 3 37 nauienTtox 3 PI'3
(38 %) manu migBUILEHI TTOKA3HMKHU pamialliiiHOl 9y T/IN -
BOCTi Ha xpoMocoMHoMy piBHi JITIK 3a pesynbratamu
G2 Tecty.

He BcTaHOBJIEHO TIPSIMUX KOPEJISILIIAHUX 3B’ SI3KiB MixX
pesyasratamu GO i G2 TecTiB W TOCTIIKYBaHUX TPYII,
noaioHi pe3yabTaTu oAepKaHo B JociakeHHi [11]. 3Ha-
yeHHsT KoediienTy kopensdiii Ilipcona ckmano 0,11 B
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and 1.9 & 0.64 per 100 metaphases, respectively).
There was no significant difference between the
means of the frequency of chromosomal aberra-
tions in GO assay in control group and BC patients.
The CV value of the total frequency of chromoso-
mal aberrations in the control group was 9 %, in
patients — 12 %. Using the value of the 90" per-
centile to discriminate between a normal and
radiosensitive subset of patients it was determined
that 7 % of the control group and 13 % of BC can-
cer patients had elevated levels of chromosome
aberrations according to G(-assay results.

Average value of the frequency of chromosomal
aberrations induced in G2 assay in BC patient
group was significantly higher than in the group
of healthy women: 100.3 = 12.3 and 61.2 &+ 8.0
chromatid breaks per 100 metaphases, respective-
ly (p <0.001). The values of CV of chromosome
aberration frequencies induced in G2 assay both in
group of healthy women and cancer patients were
higher than in GO assay: 15 and 26 %, respectively.
5 of 44 women from the control group (11,4 %)
and 14 of 37 BC patients (38 %) had elevated chro-
mosomal radiation sensitivity according to G2
assay results.

There were no direct correlation between GO
and G2 scores in the examined groups: Pearson
correlation coefficient was 0.11 in the control
group and 0.15 — in the group of BC patients; sim-
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PucyHOK 2. Po3nogin yactotu abepauiit xpomocom, iHAYKOBaHUX TeCcT-onpomiHeHHAM nimdouuTtie B rpyni
YMOBHO 3/,0pOBUX XiHOK Ta xBopux Ha PI3 B G2 (A) Ta G2 (B) tha3ax KNiTUHHOTO LUKAY

Figure 2. Distribution of chromosome aberrations induced by test irradiation of lymphocytes in group of
healthy women and BC patients in G2 (A) and GO (B) phases of the cell cycle

KOHTpPOJbHIM rpymii 0,15 — B rpymi nauieHTiB (p < 0,05).
B rpyni KoHTpodo He BUSIBJIIEHO OCi0O 3 MigABUIIEHUMU
MOKa3HMWKaMM pafdialliiiHOi YyTJMBOCTI 3a pe3yabTaTaMu
GO0 i G2 tecriB omHovyacHo. B rpymi xBopux Ha PI'3 (n =
37) — oauH goHop. Po3noain oHKOJIOriYHMX Malli€eHTiB
3a BiKOM IT0Ka3aB, III0 CEpelIHill BiK “UyTamBUX’ 0CiO
cknaB 47 pokiB, ToAi K Mg ocio 3 mokasHukamu G2
TECTy B MeXaxX HOpMHU — 66 pokiB. BuB4eHHs Kopesitii
pe3yabratiB G2 TecTy 3 BiKOM JOHOPiB MOTpeOye IO-
JAJbIINX TOCiIKEeHb, MPOTe MOXHA MPUITYCTUTH, IO
nigsuieHi piBHi IPY Ha XxpoMOocOMHOMY piBHi y BiTHOC-
HO MOJIOJMX XBOPHUX ITOB’SI3aHi 3 TEHETUYHO JIEeTePMiHO-
BAaHOIO HECTaOIJbHICTIO TEHOMY Ta CXMUJIBHICTIO 0 3J10-
SIKiCHOI TpaHcdopMarlii.

Takum ymHOM, “TIpOBOKATUBHE” in Vitro ONIPOMiHEHHS
JITIK, Ha BigMiHY BiA OLIIHKM CIIOHTAHHOTO pPiBHS ade-
paliii XpoMOCOM B TOMYJIALIil, JO3BOJISIE BUSIBUTU “TIpU-
XOBaHY XPOMOCOMHY HeCTaOiTbHICTh, BUSBUTH MizKiHIM-
BiIyaJlbHY BapiaOelbHICTh OJepKaHUX LIUTOTeHETUYHUX
MapaMeTpiB Ta 3AIACHUTH iX aHaji3. B mpoBeneHoOMy 10-
CJIiI>KeHHI HEe OTPUMMAaHO JOCTOBIpHUX J0Ka3iB LIOAO Mil-
puteHoi uytauBocTi JITIK xBopux Ha PI'3 ipwm in vitro orr-
poMiHeHHi B 103i 2,0 Ip. I1pu onmpomMiHeHHi JTiM(OLIUTIB B
HaWJyTAMBILINA cTafii KiaiTuHHOrO mukiny G2/M MixXiH-
JMBigyaJibHA BapiabeJIbHICTh adepallili XpoMOCOM (Xpoma-
TUIHUX PO3PUBIB — OCHOBHOTO TUMY padialliiiHO-iHAYKO-

ilar results were obtained by the study [11]. There
were no individuals with high scores of both G0
and G2 assays among examined healthy donors
and only one woman — from group of BC patients.
Analysis of patient distributions by age in BC
group showed that the average age of “sensitive”
individuals was 47 years and 66 for patients with
“normal” G2 scores. Correlations of G2 chromo-
somal sensitivity with donor age require further
research, however it can be suggested that elevated
levels of radiation-induced chromosomal instabil-
ity in younger cancer patients associated with
genetically determined predisposition to malig-
nant transformation.

Thus, application of additional “provocative”
in vitro irradiation of PBL, reveals “hidden”
chromosomal instability, inter-individual vari-
ability of cytogenetic parameters, allowing their
quantity analysis. The presented study did not
reveal significant evidence of chromosomal hy-
persensitivity of GO PBL of cancer patients after
in vitro irradiation at a dose of 2.0 Gy if com-
pared with normal control. After PBL irradiation
in the most sensitive G2/M phase of cell cycle
variability of chromosome aberrations (chro-
matid and isochromatid breaks — the main type
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BaHMX CTPYKTYPHUX Mepedya0oB XpOMOCOM, XapaKTePHUX
JU1s1 i€l (pa3u) OyJ1a iCTOTHO BUILA, HIK ITPU OIPOMiHEHHi
JITIK B ctani cokoro (G0 ¢a3u). Beaxkaiors, 110 Xxpoma-
TUIHI po3puBU (GOPMYIOTHCS BHACIITOK iHAYKIIil ABOHUT-
KoBux po3puBiB JIHK; yacToTa XxpoMaTHIHUX PO3PUBIB Ha
JTyMKY aBTOpiB [12] HanpsiMy 3a71eXXUTh Bif €(DEKTUBHOCTI
MpoleciB IX po3Ii3HaBaHHS i pernapalliii, 110 BiI0yBalOThCs
MpU onpoMiHeHHi K1iThuH B G2/M cTafii, ToMy iX MOXHa
pO3IISIATH SIK LIATOTeHEeTUYHI MapKepu e(peKTHMBHOCTI
CUCTEeMM pernapallii pagialiiiHO-iHAYKOBAaHUX JBOHUTKO-
Bux po3puBiB JIHK. Bimomo, 1110 HeroMostoriuyHe 3’e1HaH-
Ha kiHoiB po3pusiB JJTHK (NHEJ) ocHoBHUMIT MexaHi3M
penapallii JBOHUTKOBUX pO3puBiB, iHmykoBaHux B G0/G1
cTajii, ToAi SIK BIpoAoBX Mi3Hbo1 S Ta G2 crafdiit mpesa-
JIIOE pemnapailisg IUIIXOM TOMOJIOTIYHOI peKoMOiHaIii
(HR), ecpekTuBHICTB SIKOI MOXeE JiexkKaTH B OCHOBI (popMy-
BaHHS MiIBUIIIEHOI XpPOMOCOMHOI HECTaOUIBbHOCTI Y OHO-
KOJIOTUYHMUX XBOpUX. Bucoka MiXiHAuBimyajabHa Bapia-
OEJIbHICTh XpOMaTUIHUX PO3PUBIB, 1110 PEECTPYETHCS IPU
orpoMiHeHHi JiMpoLuTiB xBopux Ha PI'3 y G2 ¢as3i ta BU-
COKHIA BiICOTOK 0OCi0 3 MiIBUILIEHOIO paliallifHOO YyTau-
BicTIO 3a pe3yasraTaMu G2 TeCTy Yy HOPiBHSIHHI 3 TPYMOI0
YMOBHO 3[0POBUX OCi0O JO3BOJISIE TAKOXK MPUITYCTUTU Ha-
SIBHICTb acolliallii MixX MiIABUILEHOIO paliallifHOO YyTIN-
BicTI0, BU3HaueHo1o 3a G2 TecToM, Ta CXWIbHIcTIO 10 PI'3.

BUCHOBKU

OpepxkaHi pe3yJbTaTH CBimuaTh, 110 Cepell XBOPUX Ha
PI'3 yacTka ocib 3 xpoMocoMHoOI0 HecTabinbHicTIO JITIK,
iHIYKOBaHOIO 1X in vitro ornpoMiHEHHSIM JOCTOBIPHO BU-
11a, HixK cepell YMOBHO 3I0POBUX JOHOPIB 3a nannumu G2
tecty: 11,41 38 %, BignosinHo (7 Ta 13 % 3a moka3HUKa-
mu GO tecty). MoxXHa MPUITYCTUTH, 1110 TIPUXOBaHa Xpo-
MOCOMHA HeCTabIbHICTh, BUsBiIeHa B G2 Tecti y 38 %
obcTexkeHNX xBopux Ha PI'3, moxke OyTu acoliiioBaHa 3
MyTalissMu/TIoJiMOp(i3MOM TeHIiB CHUCTeMHU pO3Ii3Ha-
BaHHSI Ta pemnapalii ABOHUTKoBUX po3puBiB JHK, 1o
ekcrpecyiotbes B G2/M ¢a3i kiritmHHOTO Hukia. Ocobu
3 IpyNu 300pOBOr0 KOHTPOJIO 3 IMiABUILEHONI pajia-
uiftHoro wytnusictio JITTK, BusHaueHorwo 3a G2 TecToM,
noTpeOyloTh MOAAIBIINX OOCTeXEHb 3 METOI BCTAHOB-
JIeHHs1 cxuiibHOCTI 10 PI'3 Ta mepBMHHOI MpodiaKTUKU
paniauiiiHO-iHAYKOBaHUX 3/10SIKICHUX MATOJOTA.
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of radiation-induced chromosome structural
rearrangements of this phase of cell cycle) was
significantly higher than for GO phase irradiation.
It is believed that chromatid breaks are formed
due to the induction of DNA double stranded
breaks (DSB); their frequency according to the
authors [12] depends on the efficiency of DSB
recognition and DNA repair in G2/M phase and
can be considered as cytogenetic markers of radi-
ation-induced DNA double-strand break effi-
ciency repair. It is known that NHEJ is a pathway
of the DSB repair induced in G0/G1 phase,
whereas during late S and G2 phases homologous
recombination (HR) repair mechanism prevails.
Its defects may underlie the development of
increased chromosomal instability in cancer
patients. High inter-individual variability of
chromosomal breaks in PBL of BC patients and
higher proportion of individuals with increased
chromosomal G2 sensitivity after in vitro irradia-
tion, when compared to healthy individuals, can
also assume the existence of associations between
defect HR mechanisms, increased G2 chromoso-
mal radiation sensitivity and high risk of BC
development.

CONCLUSIONS

The obtained results indicate that among BC
patients proportion of individuals with PBL G2
chromosomal instability induced by in vitro radia-
tion exposure was significantly higher than in
healthy donors: 38 and 11,4 %, respectively (13 and
7 % according to G0-assay). We can assume that
hidden chromosomal instability found in the G2
assay in 38 % of BC patients may be associated with
mutations/polymorphisms of DNA repair genes
expressed in the G2/M phase of cell cycle. Indi-
viduals from the group of healthy control with
increased chromosomal radiation sensitivity speci-
fied by the G2 assay require further examinations to
determine susceptibility to BC, from the one hand
and application of measures for primary prevention
of radiation-induced cancer, from the other.
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