CLINICAL

ISSN 2304-8336. pobnemu paniauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24. R Es EAR c H

YK 618.19-006:616-001. 28:575 (083.13)

JI. A. Pubuenkor«, JI. O. IToxy6ensn, I. M. buukosa, I'. B. Credanosuu, C. B. Kiuvenko

Lepucasna ycmanosa «Hayionanvnuii Haykosuii uenmp paodiayiiinoi meouyunu Hauionaavhoi akademii
meduunux Hayk Ykpainu», éyn. 10pia Linenka, 53, m. Kuie, 04050, Ykpaina

MYTALII Y TEHAX BRCAI TA BRCA2 Y XIHOK, XBOPUX HA PAK
ACYHUKIB, AKI 3A3HAJIA BIUVINBY YANHHUKIB
YOPHOBWJIbCHLKOI KATACTPO®U

MeTa: BCTaHOBUTM YacToTy repmiHanbHux myTauinn 185delAG, 5382insC reHa BRCAT i 6174delT reHa BRCAZ2 y xBopux
Ha pak sieuHunkis (PA) B YkpaiHi, 30Kpema y xiHOK, AKi 3a3Hann BNAUBY YNHHUKIB YOpPHOOUILCLKOT KaTacTpodu.
Marepianu i meToam. Y gocnigxeHHs BkatoyeHo 306 xBopux Ha PA pi3Horo Biky, kUM Oyno npoBegeHO MONeKynsp-
HO-reHeTUYHEe BU3HAUYEHHS MAXKOPHMX MyTalii B reHax BRCAT i BRCAZ 33 ponomoroto anenb-cneundivyHoi mynstunie-
KCHOT nonimepasHoi peakuii.
Pe3ynbratn. YactoTa myTauiit y xsopux Ha PA 3 papiauiiHum aHamHe3om (ocHoBHa rpyna) cknana 5,3 % (2 3 38).
Y xBopux 6e3 pagiauiiiHoro aHamHe3y (KOHTposibHa rpyna) BuseneHo 11,2 % (30 3 268) sunapkis 3 myTauieto. MpoTe
3HAYyLWOT pi3HMLi B 4aCTOTi MyTaLii MiX rpynamu XxBopux BusBieHo He 6yno (p =0,39). BctaHoBNEHO, WO YacToTa My-
Tauinn BRCA1/2 y nauieHTiB 060x rpyn cknana 10,4 % (32 i3 306). Ha ponto myTauii 5382insC y reni BRCAT npunagae
87,5 % (28 3 32) BMNagKiB 3 MyTaLi€lo, HAaTOMICTb anenbHuit BapiaHT 6174delT reHa BRCA2 He BUABNEHO Y XOJHOT
nayieHTkn 060x rpyn. BusBneHo TeHpeHuilo Ao 6inblW paHHLOrO BiKy 3axBOplOBaHHA Ha PA y noctpaxpanux
BHacnigok aBapii Ha YAEC 3 myTauismu nopisHAHO 3 BRCA-N03UTMBHUMK 0C0BaMU KOHTPONbHOT rpynu (p = 0,06). Mpu
NopiBHAHHI xBopux 3 BRCA-no3utnsHum PA Ta BRCA-HeratuBHMUM Pl 0CHOBHOT KOropTM BCTAHOBNIEHO CTAaTUCTUYHY 3Ha-
4YyLWicTb WOAO0 MaHidecTallii 3aXBOPIOBAHHA Y NALieHTIB 3 MyTaLismMu B 6inblw paHHboMy BiLi (p = 0,04). OfHaK Takux
BiLMIHHOCTe He cnocTepiranocs B KOHTPONbHii rpyni (p = 0,22).
BucHoBku. YacToTta myTauinn y xsopux Ha PA 3 pagiauitHum aHamHe3om i 6e3 TaKoro He Bifpi3HAETbCA Ta 3aN€XNUTb
BiZ CMEKTPY AOCTiAXYBaHUX MyTauiii y reHax BRCA1/2, Big ctyneHs amnnidikauii AHK i yncensbHocTi BUGipku. Anenb-
Huit BapiaHT 5382insC y reHi BRCAT € fomiHylounMm i cTaHOBUTL 87,5 % Bif 3aranbHOi KiNbKOCTi 3HalaeHMX MyTauint.
Yepes pgito pagiauiitHoro daktopa 3axBoploBaHHA Ha PA y BRCAT-no3uTUBHMX 0Ci6 peanisyeTbcs y Ginbl paHHbOMY
Billi, Hi)X y nauieHTiB 6e3 MyTaliil. 3axBoploBaHicTb Ha PA cnocTepiranach Tinbku Yepes 27-38 pokis nicns YopHo-
OMNbCbKOT KaTacTpodu y KOropTi XiHOK, AKUM HAa MOMEHT aBapii 6yno Big 4 Ao 40 poki..
KniouoBi cnoBa: pak seyHukiB, myTauii B reHax BRCAT Ta BRCAZ, ioHi3ytoua pagiauis, YopHobunbcbka Katactpoda.
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MUTATIONS OF GENES BRCAI AND BRCA2 IN WOMEN WITH
OVARIAN CANCER EXPOSED TO FACTORS OF CHORNOBYL
NUCLEAR ACCIDENT

Objective: to determine a frequency of germline mutations 185delAG, 5382insC in BRCA1 gene and 6174delT in
BRCA2 gene in Ukrainian patients with OC including women who were exposed to the factors of Chornobyl nuclear
accident.
Material and methods. In the study we enrolled 306 OC patients of different age who were tested for the presence
of the major BRCA1 and BRCA2 gene mutations using allele specific multiplex polymerase chain reaction.
Results. The mutation frequency in patients exposed to IR with OC (main group) was 5.3 % (2 from 38). Among
unexposed patients (control group) 11,2 % (30 from 268) of cases with mutation were identified. However, the dif-
ference between the groups was not significant (p = 0.39). It was shown that the BRCA1/2 mutations frequency in
the patient of both groups was 10,4 % (32 from 306). The mutation BRCA7 5382insC was positive in 87.5 % (28 from
32) of cases, nevertheless nobody was identified with the allelic variant BRCA2 6174delT among both groups. There
was a tendency toward an earlier age of the OC manifestation in the patients exposed to IR due to Chornobyl nuclear
accident compared to BRCA-positive women of the control group (p = 0.06). When comparing BRCA-positive and
BRCA-negative patients with OC of the main group, there was a statistical significance regarding the earlier age of
the disease manifestation in the patients with mutations (p = 0.04). However, such difference was not observed in
the control group (p = 0.22).
Conclusions. The frequency of the mutations in exposed to IR and unexposed patients with OC does not differ and
depends on a spectrum of studied BRCA1/2 gene mutations, level of DNA amplification and sample number. The allel-
ic variant BRCA1 5382insC is dominant and accounts for 87.5 % of the total number of the found mutations. Due to
the radiation factor the OC in the BRCA7-positive individuals is realized at the earlier age than in patients negative
for these mutations. The incidence of OC after the Chornobyl accident was observed 27-38 years later in a cohort of
women who were from 4 to 40 years old at the moment of the nuclear explosion.
Key words: ovarian cancer, BRCAT and BRCA2 gene mutations, ionizing radiation, Chornobyl nuclear accident.
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BCTYII

Pak seunukiB (PSI) B YkpaiHi nmocigae mepiie micle B
CTPYKTYPi CMEPTHOCTI BiJl TiHEKOJIOTYHMUX PAKOBUX 3aX-
BOpIOBaHb i choMe Miclie 3 pe3yabraTtoMm 4,8 % Bin yciel
KiJIbKOCTI TIEPBMHHO 1iarHOCTOBAHUX HOBOYTBOPEHD Ce-
pen xiHok [1].

OpnHielo 3 nmpuyMH BUHUKHeHHS PS € cmamkoBa
CXUJILHICTh, peaii3allis sIKOi MOXe 3ajexaTu Bim il
ioHi3yrouoi paxgiauii. [Tpu6nusHo 10—15 % Bcix nyxiauMH
SIEUHMKIB MpUNaga€ Ha gojo cnagkoBoro P [2, 3].
Hait6inpiuymM AOCSTHEHHSM Yy BMBYEHHi CHaIKOBUX
dopm PA crano BigkputTs reHiB BRCAI i BRCA2 — cym-
PECOPHUX T'EHIB 3 ayTOCOMHO-AOMIiHAHTHUM TUIIOM YC-
MaaKyBaHHS Ta BMCOKOIO IEHETPAHTHICTIO B MeXax
onHiei ciM’i. s HociiB myTawii BRCAI i BRCA2 pu3uk
3axBopioBaHHgd Ha P4 craHosuts 39 % Ta 11 %,
BinmoBinHo [4]. HatomicTh, mis XKiHOK 0e3 MyTalliii pu-
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INTRODUCTION

In Ukraine ovarian cancer (OC) is on the first
place in the structure of mortality from gynecolog-
ical malignancies, and on the seventh place among
primary diagnosed neoplasms in women, 4.8 % out
of the total number [1].

One of the OC causes is hereditary predisposition,
the realization of which may depend on the influ-
ence of ionizing radiation (IR). Approximately
10—15 % of all ovarian tumors are hereditary [2, 3].
The greatest achievement in the study of hereditary
OC was the discovery of BRCAI and BRCA2 sup-
pressor genes with autosomal dominant type of
inheritance and high penetrance within one family.
The risk of OC manifestation for BRCAI and
BRCAZ2 mutation carriers is 39 % and 11 %, respec-
tively [4]. In return, for women negative for these
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31K 3axBopioBaHHsI Ha P ckiamae 1,5 % [5]. B Yk-
paiHi, §IK i B iHIIMX KpaiHax CxigHoi €Bponu, Maxop-
HuMH MyTtanismu B reHax BRCAI ta BRCAZ2 BBaxa-
1o1bed aneni 185delAG, 5382insC, 4153delA, 300T>G
ta 6174delT [6—11]. Bimomo, 1110 310pOBi HOCIT MyTaItii
y reHi BRCA I MaloTb MiABUILEHUI piBEHb PaliOUyTIn-
BocTi [12], IO MOXe CIPUYMHUTH PO3BUTOK 3J10-
SIKICHOTO HOBOYTBOpEeHHS, 30Kkpema PSl. Buznauennsa
mytauiii B reHax BRCAI i BRCAZ2 € nepeaymMoBoIO A0
BU3HAUYEHHSI pallioOHAJIbHUX TIiAXOMAiB Yy JIIKyBaHHI Ta
iHguBigyamizamii Teparmii P4, a Takox mpodimakTukn
PO3BUTKY JaHOTO 3aXBOPIOBAHHSI.

META

Meta moCHiIKeHHS: BUBHAYUTU YACTOTY IepMiHaJlb-
Hux wmytauiii 185delAG, 5382insC rena BRCAI Tta
6174delT rena BRCA2 y xBopux Ha PSI, 30kpema y
JKiHOK, $IKi 3a3Hai BIJIMBY YMHHUKIB HOpHOOMIIBCH-
Koi KaTacTpodu.

MATEPIAJIA I METOAN TOCIIIZKEHHSA
HocmigkeHHsT BUKOHAHO BiIMOBiAHO A0 TMPUHLMUIIIB
IenbciHebKOl Aekapallii mic/si 3aTBEPIKEHHS JOCTid-
xkeHHs1 KomiteTrom 3 menuuHoi etuku HHIIPM. Ilpo-
BEIEHO Ta MPOaHaTi30BaHO MOJEKYJISIPHO-TEHETUYHE
JocTimkeHHs Giojoriunmx 3paskiB 306 xBopux Ha PSI
JKiHOK pi3HOTO BiKY, SIKi Oy/IM pO3IOIiIeHi Ha 2 TPYIIN.
OcHoOBHY Koroprty ckianu 38 mauieHTok 3 PSI, ski 3a3-
Hajau Ail ioHizyrouoi paagiauii (IP) BHacnimok YopHo-
OUIbCbKOI KaTacTpodu: 3 XKiHKM OyJIM YYaCHUILISIMU
nmikBimanii HacigkiB aBapii (YJIHA) na HAEC, 2 ocoon
OyJs10 eBakyiioBaHO 3 30-KM 30HU Ta 35 0cib npoxKuBaIn
Ha TEpPUTOPISX, 3a0pyIHEHUX pamioHyKiIinamu. KoHT-
poibHy Tpymny Oyiao cdopmoBaHo i3 268 ocib 6e3
panialiiiHOro aHaMHe3y 3i 3/105IKiCHUMY HOBOYTBOPEH -
HSMU B sieyHUKax. KputepisiMmu BKITIOUeHHS Y TOCIif-
JKeHHS OyJIv: HasgBHIiCTh iH()OPMOBAHOI 3roay Ha Ipo-
BEIEeHHSI TOCiIKEeHHSI, BiK MaLlieHTiB Bix 15 pokiB 10 70
POKiB, HasIBHICTb BCTAHOBJIEHOTO JiarHo3y PA.

[TawieHTH OCHOBHOI IpyIu 3 pajialiifHo-acolliiioBa-
HuM P4 i KOHTpOJIBHOI rpynu 0e3 padialliiiHOTO aHaM-
He3y OyJI CTaHOAPTH30BaHi 3a BIKOM Ha Yac BCTAHOB-
nerHs giarHosy (p = 0,45). CepenHilt Bik XBOpux Oc-
HOBHOI rpynu ckjaB (51,5 + 9,0) pokiB, KOHTPOJIBHOI —
(51,7 = 10,2) pokiB. Po3nozain xBopux Ha P4 3a Bikom
Ha yac Bepudikallii 1iarHo3y HaBeaeHO B Ta0JI. 1.

MartepiaioM AOCTIIXKEHHS [JIs Mali€HTIB OCHOBHOI
IpyNy CIYTYBaJIM apXiBHi 3pa3KM TKAHWUHU SIEYHUKIB,
JUTST TPYTM KOHTPOJTIO — 3pa3ky nepuhepruyHOoil KpoBi,
HajicyiaHi 3 22 MeIUYHUX YCTAHOB YKpaiHu, Je JTiKyBaJlk
Mali€HTOK.

mutation the OC development risk is 1.5 % [5]. In
Ukraine, as in other Eastern European countries, the
major mutations in BRCAI and BRCA2 genes are
185delAG, 5382insC, 4153delA, 300T> G and
6174delT [6—11]. It is known that healthy BRCAI
mutation carriers have an elevated level of radiosensi-
tivity [12], this may cause the development of a malig-
nant neoplasm, in particular OC. The detection of
BRCAI and BRCAZ2 mutations is a prerequisite for the
definition of rational approaches in the treatment and
individualization of OC therapy, as well as the preven-
tion of the development of this disease.

OBJECTIVE

To determine a frequency of germline mutations
185delAG, 5382insC in BRCAI gene and 6174delT
in BRCA2 gene in Ukrainian patients with OC
including women who were exposed to the factors of
Chornobyl nuclear accident.

MATERIAL AND METHODS

The study was conducted in accordance with the
principles of the Helsinki Declaration and
approved by Committee of Medical Ethics of
NRCRM. The biological samples from 306 OC
patients of different age were used for molecular
genetic analysis. All patients were divided into two
groups. A main group included 38 patients with OC
who were exposed to IR due to Chornobyl nuclear
accident: three of them were follow-up workers of
the accident consequences, two women were evac-
uated from 30 km zone, and 35 women were resi-
dents of contaminated with radionuclides territo-
ries. A control group consisted of 268 unexposed to
IR individuals with ovarian malignant neoplasms.
The study enrollment criteria were: the presence of
an inform consent for the study conduction,
patient’s age from 15 to 70 years, confirmed diag-
nosis of OC.

The main group OC patients exposed to IR and con-
trol group OC patients unexposed to IR were stan-
dardized by age at the moment of diagnosis (p = 0.45).
The mean age for the main group patients was (51.5 =
9.0) years, and for the control group patients — (51.7 &
10.2) years. Distribution of OC patients by the age at
the moment of diagnosis is shown in Table 1.

The research material for the main group patients
was archival ovarian tissue samples, for the control
group patients — peripheral blood samples that were
sent from 22 Ukrainian medical institutions where
the patients were treated.
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Ta6auusa 1

Po3nopgin xsopux Ha Pl 3a Bikom Ha Yac BCTaHOBNIEHHSA AiarHo3y

Table 1

Distribution of OC patients by the age at the moment of diagnosis

Kinbkictb nauienTis / Number of patients

Bik, poku OcHogHa rpyna 3 PS / Main group with OC (n = 38) KontponeHa rpyna 3 P§l / Control group with OC(n = 268)
Age, years — P—
a0c. kinbkicTb / number % abc. KinbkicTb / number %
Jlo 35/ Up to 35 2 5,3 20 75
36-40 3 79 19 71
41-45 3 79 27 10,1
46-50 10 26,3 47 17,5
51-55 7 18,4 51 19,0
56-60 7 18,4 44 16,4
61-65 4 10,5 42 15,7
66-70 2 5,3 18 6,7

Ienomuy JIHK excrparyBanm 3 ¢ikcoBaHux ¢op-
MaJIiHOM 1 3aJIUTUX TapadiHOM TKaHWH 3 BUKOPUCTaH-
HsaM Habopy mig BunisieHHs1 JJTHK Quiamp DNA Mini
Kit (Quiagen, Hilden, HiMmeuunHa), a TakoxX BUIIJISIINA 31
3pa3KiB nepudepruIHOi KPoBi 3 BUKOPUCTAHHSIM HaOOPYy
NeoPrep100 DNA Magnet (Neogene, YkpaiHa) Biamno-
BiIHO 10 iHCTPYKIIii BUpOOHMKiB. Bu3HaueHHs AoCTin-
JKyBaHMX MyTallill ITIPOBOIMIIM 32 JOIIOMOTOIO ajieJib-CIIe-
M (iYHOT MYJIBTUILIEKCHOI IoJliMmepa3Hoi peakiiii (ITJ1P)
Ha Tepmouukiepi Gene-Amp PCR 2400 (Roche
Diagnostic Systems, CIIIA) i pearentiB PCR MIX 2x
HOT (Neogene, Ykpaina). AMruridikairist BKJrogasa 1mo-
yaTKOBY JIeHaTypaiito — 95 °C, 10 xB; 35 LUKIIiB AeHATY-
pauii — 95 °C, 45 c; peacouiawii — 57 °C 45 ¢; cuHTe3y —
72 °C, 50 c; i ¢pinanbHuit cunte3 — 72 °C, 8 xB. I1JIP 3y-
MUHSUTM OXOJIOMKEHHSIM peakuiiiHoi cymimi mo 4 °C.
IMponykTu I1JIP nns Bidyanizaliii po3miisiid BiImoBigHO
JI0 MOJIEKYJISIPHOT Baru 3a JOTMOMOTOI0 eJleKTpodopesy B
1,5 % arapo3HoMy remi 3 ¢apOyBaHHSIM OpPOMUCTUM
etugieM. lenp BisyamizyBanm 30ymKeHHSIM Iryopec-
LIEHIIi1 OPOMHUCTOrO €TUiI0 3a YIbTPadioseTOBOro BUII-
POMiHIOBaHHS TOBXMHOIO XBWIi 312 HM i ¢poTorpadyna-
Jm Bimeocuctemoro BioVision (®paHitis).

Ycim 306 nmaiieHTKaM MPOBOAMIM MOJIEKYJISIPHO-TEHE-
TUYHUI aHaTi3 Ha HasgBHiCTh MyTalliit 5382insC i 185delAG
y reHi BRCAI ta myrattii 6174delT y reni BRCA2 metonom
aznenb-crietudiyHoi MyabTuIiekcHoi TTJIP 3 nomaibimmm
reJIb-eJIeKTPOo(OpPe30M MPOAYKTIB aMruTidikariii (puc. 1).

ITapameTpnyHi MOKa3HUKU MOPiBHIOBAJIM 34 IOTIOMO-
roto f-xkputepito CtbeloneHTa. HemapameTpuuHi aaHi
OLIIHIOBAJIM 3 BUKOPUCTAaHHIM TouHOTOo TecTy Mimmepa B
IBoOiYHOMY BapiaHTi. CTaTUCTUYHI pO3paxyHKN BUKO-
HyBayiM 3a gonomMoroio Microsoft Excel 2016 ta Social
Science Statistics calculator. TBepKeHHS PO HASIBHICTh
iCTOTHUX pO30iKHOCTEM MNpUMyCcKalu 3a BipOrigAHOCTI
nomwiku Mexuie 0,05.

Genomic DNA was extracted from the formalin-
fixed paraffin-embedded (FFPE) OC tissue samples
using Quiamp DNA Mini Kit (Quiagen, Hilden,
Germany), and from the peripheral blood samples
using NeoPrepl00 DNA Magnet Kit (Neogene,
Ukraine) in accordance with the manufactures
instructions. The detection of the studied mutations
was performed by allele specific polymerase chain
reaction (PCR) using a thermocycler Gene-Amp
PCR 2400 (Roche Diagnostic Systems, USA) and
reagents PCR MIX 2x HOT (Neogene, Ukraine).
The amplification included the initial denaturation at
95 °C for 10 min, 35 denaturation cycles at 95 °C for
45 s, reoccupation at 57 °C for 45 s, synthesis at 72 °C
for 50 s, and final synthesis at 72 °C for 8 min. PCR
was stopped by the cooling of the reaction mixture to
4 °C. PCR products were separated for visualization
according to molecular weight by electrophoresis in a
1.5 % agarose gel with ethidium bromide. The gel was
visualized by excitation of the ethidium bromide flu-
orescence using ultraviolet radiation with 312 nm
wavelength, then the gel was photographed using a
video system BioVision (France).

The detection of BRCAI 5382insC and
185delAG and BRCAZ2 6174delT mutations was
performed for all 308 patients using the allele spe-
cific multiplex PCR with further gel electrophore-
sis of the PCR products (Fig. 1).

Parametric variables were compared by
Student’s 7-test. Nonparametric variables were
evaluated using exact Fisher’s test in two-way ver-
sion. Statistical calculations were performed using
Microsoft Excel 2016 and Social Science Statistics
calculator. The presence of significant differences
was assumed by the probability of a mistake less
than 0.05.
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PucyHok 1. Enektpocoperpama aerekuii mytauin 185delAG Ta 5382insC reny BRCA1

Bena, nosHavyeHnin W, Bignosigae aneni gukoro tuny (W — wild-type product), HasBHiCTb 6eHOy M € 03HaKOl HasiBHOCTI
pocnigxysaHnx myTtauin (M — mutant product); PC — noautueHuin koHTponb; NC — HeratmBHuin KOHTposb; No DNA -
BiACYTHiICTb maTpuui JHK, MM — mapkep monekynsapHoi Barn; 1-7 — 3pa3ku, Wo BMBYaNuCb. Jopixku 2, 4, 6 — Bunagkn 3
MyTauieto: 2, 4 — 5382insC, 4 — 185delAG; popixku 1, 3, 5, 7 — Bunagkn 6e3 myTtauiii.

Figure 1. Electrophoregram of the BRCA1 185delAG and 5382insC mutations detection
W — wild-type product; M — mutant product; PC - positive control; NC — negative control; No DNA — absence of DNA tem-
plate; MM — molecular weight marker; 1-7 — studied samples. Bands 2, 4, 6 — mutated samples: 2, 4 — 5382insC, 4 —

185delAG; bands 1, 3, 5, 7 — wild type samples.

PE3VJIBTATU TA OBTTOBOPEHHA
YenimHa amrutigikartis JIHK B koropTi xXiHOK 3 pafia-
LifHUM aHaMHe30M Oysa gocsrHyta st 86,8 % (33 i3
38), 92,1 % (35 i3 38) Ta 100 % (38 i3 38) BumaaKiB 1j1s
185delAG, 5382insC Ta 6174delT, BinnosinHo. Y 3a3Ha-
yeHiut rpyni AHK g nposenenns ITJIP O6yno BumineHo
3 apXxiBHUX mapagiHOBMX OJIOKIB TKAHWHM, (DiKCOBaHOL
(opmaniHoM, TOMy BU3HAYEHHS cTaTycy reHiB BRCA1/2
BIAJIOCS 3AIMCHUTHU HE B yCiX BUMaAKax. ¥ KOTOpTi XBO-
pux Ha P 6e3 pamiauiiiHoro aHamMHe3y aMILTi(hiKOBaHO
BCi gocmimkyBaHi anesi B reHax BRCA /2. Bunanku, 1mo-
JIO SIKMX, MpUHAMMHI JIJ1s1 OAHI€T 3 MyTalliii, OyJio 1ocsr-
HYTO YCITIIIHY aMILTi(pikallito, BKJIIOYaIU B MOJATBIINN
aHaJIi3 i po3paxyHOK 3arajibHMX 4acTOT MyTalliil.

3a pe3yJbTaTaMU MOJIEKYJISIPHO-TEHETUYHOTO aHaJli3y
BCTaHOBJIEHO, 1110 YacTOTa MyTalliil y xBopux Ha P oc-
HOBHOI Tpynu ckjiaia 5,3 % (2 3 38 BunankiB). Y XBopux
KOHTpOJIbHOI Tpynu BusiBieHo 11,2 % (30 3 268) Bu-
nagkiB 3 Myrtauiero. Pe3yabTaTé MpoBEAEeHUX MOJIEKY-
JIIPHO-TeHETUYHUX OOCJIIKEeHb Y BUIIaIKax 3 YCIIIII-
Holo aMInTidikauielo ninsgHok reHiB BRCA1/2 Binobpa-
JKeHi y Tao. 2.

Ta6auusa 2

RESULTS AND DISCUSSION

The successful DNA amplification in the main
IR-exposed group was obtained in 86.8 % (33 from
38), 92.1 % (35 from 38) and 100 % (38 from 38)
of cases for 185delAG, 5382insC and 6174delT
variants, respectively. To perform PCR we used
FFPE OC tissue samples from the patients
exposed to IR, thus the mutational BRCA1/2 status
was not identified for all cases. In the cohort of
unexposed OC patients all studied BRCA1/2 alleles
were amplified. Cases with the successful DNA
amplification at least for one mutation were
included into further analysis and calculation of
common mutation frequencies.

According to the molecular genetic analysis
results it was found that the frequency of the muta-
tions in the main group OC patients was 5.3 % (2
out of 38) cases. Among the control group patients
11.2 % (30 out of 268) cases were detected with
mutation. The results of performed molecular
genetic analysis with successful BRCAI/2 gene
fragments amplification are shown in the Table 2.

YacroTta myTauin y reHax BRCA1/2 3 ypaxyBaHHAM ycniwHOT amnnidikauii

Table 2

Frequency of BRCA1/2 mutations with successful amplification

- . OcHoBHa rpyna 3 P4 KoHTponbHa rpyna 3 PSl Bci nauieHTn
Myrauii / Mutations
yrauii/ Main group with OC Control group with OC All patients
BRCA1 185delAG 0 3/from 33 4 3/from 268 (1,5 %) 4 3/from 301 (1,3 %)
BRCA1 5382insC 2 3/from 36 (5,5 %) 26 3/from 268 (9,7 %) 28 3/from 304 (9,2 %)
BRCA2 6174delT 0 3/from 38 0 3/from 268 03306
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JaHi, HaBeneHi B TaOJAMIi, CBiIYaTh, 11O MyTallis
5382insC y reni BRCAI noMiHye cepel iHIIMX My-
tawiii (p < 0,001) i cranoBuTh 87,5 % (28 3 32 Bunan-
KiB 3 MyTalli€l0), HaTOMICTh aJieJIbHUH BapiaHT
6174delT rena BRCA2 He BUSIBJICHO y XKOIHOI Talli-
€HTKU 3 000X I'pYyII.

BcranoBneno, mo yacrora myrauiii BRCAL/2 y
xBopux Ha PS xiHOK 3 pamialliliHUM aHaMHE30M Ta
0e3 Takoro, 3 ypaxyBaHHSIM TUIbKM BMIIaAKIiB 3
yCIilrHo aMiutidikalielo, 3arajom ckiana 10,4%
(32 i3 306), 3Hauy110] Pi3HULI 32 YACTOTOIO MYTaLlill
MiX rpylamMuy XBopux BUsiBiIeHO He Oyiio (p = 0,39).

CepenHiit Bik BRCA-no3utuBHUX XBopux Ha P 3
pagiauiiinuM aHamHe3oM cTaHOBUB 40,5 (35—46)
pokiB, 0e3 pagiawiiiHoro aHamuesy — 50,4 (30—65)
pOKiB. BusiBIIeHO TeHIEHIIiI0 10 OiJIbII paHHBOTO BiKY
3axBoproBaHHs Ha PS cepen ocid 0CHOBHOI KOTOPTH 3
MyTallisIMU ITOPiBHSHO 3 BRCA-IO3UTUBHUMM 0CO0a-
MM KOHTpoJIbHOI rpymu (p = 0,06). Y BRCA-HeraTuB-
HUX XBOPHUX, SIKi MOCTpakKaaJau BHACJIZOK aBapii Ha
YAEC, Ta 6e3 pagialiiiHoro aHamHe3y, cepeaHiil Bik
He BinpizHsascs (p = 0,48) i cranoBuB 52,0 poku (95 %
A1 49,1-54,8) Ta 51,9 poxy (95 % Ml 51,6—53,2),
BinnmoBigHO. MeniaHa Biky y BRCA-HeraTMBHUX OCi0
OCHOBHOI rpynu ckiaiga 52,5 poky (Bim 31 mo 67),
KoHTposibHOT — 53,0 poku (Bim 15 mo 70). Ilpm
nopiBHIHHI xBopux 3 BRCA-mo3utuBHuUM PS Ta
BRCA-neratuBHuM PSl ocHOBHOI KOrOpTH BCTaHOB-
JICHO CTaTUCTUYHY 3HAYYLIiCTh LIOAO MaHidecTariii
3aXBOPIOBAHHS Y MALIIEHTIB 3 MyTallisIMU y OiJIbII paH-
HboMy Bili (p = 0,04). [IpoTe Takux BigMiHHOCTEI He
CIOCTEpirasiocsl B KOHTpOAbHiH rpyti (p = 0,22).

BcraHoBiieHO BiKOBY 3ajieXHicTb Mix nieto 1P
BHaciaigok aBapii Ha HAEC ta manidecrauiero P
(r=20,97) (puc. 2).

The data shown in the Table 2 indicate that
BRCA1 5382insC mutation is prevalent among other
mutations (p < 0.001) and present in 87.5 % (28
from 32) of cases. Whereas, BRCA2 6174delT allelic
variant was not identified in any patient among both
groups.

It was found that overall the frequency of BRCAI/2
gene mutations in exposed to IR and unexposed patients
with OC, taking into account only samples with success-
ful DNA amplification, was 10.4 % (32 from 306). There
was no significant difference in the frequency of muta-
tions between these groups of patients (p = 0,39).

The mean age of the BRCA I-positive exposed to IR
patients with OC was 40.5 (35—46), and unexposed to
IR patients — 50.4 (30—65) years. There was a ten-
dency toward an earlier age of the OC manifestation
in the main group individuals with mutations com-
pared BRCA-positive women of the control group
(p = 0.06). Among BRCA-negative patients who were
exposed to IR due to Chornobyl nuclear accident and
unexposed the mean age did not differ (p = 0.48) and
was 52.0 (95 % CI: 49.1-54.8) and 51.9 (95 % CI:
51.6—53.2), respectively. The median age of the
BRCA-negative women in the main group was 52,5
(from 31 to 67) years, in the control group — 53.0
(from 15 to 70) years. When comparing BRCA-posi-
tive and BRCA-negative patients with OC of the main
cohort, the statistical significance was shown for the
disease manifestation at the earlier age among posi-
tive for the mutations women (p = 0.04). However,
such difference was not observed in the control group
(p=0.22).

In the study we showed a correlation between the age
at the time of exposure to IR due to Chornobyl nuclear
accident and OC manifestation (» = 0.97) (Fig. 2).

80

104---------; B ReEE TR TR

--+—- Bik Ha momeHT pii IP / Age at exposure to IR
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Bik xBopux / Age of the patients

20 25 30 35 40
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Figure 2. Chart of age correlation between the age at the time of exposure to IR and 0C manifestation
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3axBoproBaHicTh Ha P B OCHOBHIi1 rpymi criocTepira-
JIach TUTIbKM Yepe3 27—38 poKiB Iic/sd MOMEHTY BIUIMBY
YUHHUKIB YOpHOOMIBCHKOI KaTtacTpodu y KOTOpTi
JKiHOK, IKUM Ha MOMEHT aBapii 0yJ1o Bif 4 1o 40 pokiB.

OtXe, y TaHOMY IOCJiI)KEHHI BCTAaHOBJIEHA 4acToTa
HaWMOIIMPEHIIINX B YKpaiHi MyTawiii y reHax BRCA1/2
cepen 306 xBopux Ha PSl, 30kpeMa y XKiHOK, sIKi 3a3Ha-
JIN BIUIUBY YMHHUKIB YOpHOOMILCHKOI KaTacTpodu.
IcHyloTh rimore3u, 10 KaHueporeHHa misg IP pe-
aJli3y€eThCs MMEPEBAXKHO Y XBOPUX, SIKi HAPOIKYIOTHCS 3i
CITAIKOBO-3YMOBJICHMM PU3MKOM OHKOJIOTIYHOTO 3aX-
BopioBaHHSI. BRCA1/2-nI03UTHUBHI 3KiHKWA XapaKTepU-
3YIOThCSl BUILIMM PU3MKOM 3axBopioBaHHsI Ha P [4].
CnankoBe nopylieHHs1 cuctemu penapauii JIHK moxe
CIIpUSITA (POPMYBAHHIO MYXJIMHHOTO T€HOTHITY i MOIII-
komxkeHHs JAHK npu nii IP. Tomy imMoBipHUM Oyi10
yacrimre mnpeactaBieHHsT BRCAI/2-TIO3UTUBHUX BU-
naakiB P y xiHok 3 pagiauiiiHum aHamHe30M. [Ipote
B Koropti xBopux Ha P 3 pagiauiilHUM aHaMHe30M
MOIIMPEHICTh MyTaliii ckiaia 5,3 %, a B rpyni na-
mieHTiB 0e3 pamiauiitHoro anamHesy 11,2 % (p = 0,39).
Ha Hamry nyMKky, Taka HM3bKa MHOLIMPEHICTb B OC-
HOBHIlf KOTOPTi XBOpMX TOB’s3aHa 3 TWUM, IO, ITO-
neplie, B JaHy IpyIy YBIAIIUIM TiTbKKU 3 XKiHKU, SIKi Oy-
JI yYaCHUILISIMU JiKBifauii HacaiakiB aBapii Ha HAEC,
Ta 2 eBakyioBaHi 3 30-KM 30HM ocoou. Ile XiHKu, sKi
OTpUMAaIY HAaMOiIbIIY 103y OMPOMiIHEHHSI, IIOPiBHSIHO
3 33 mauieHTKaMM, siKi MPOXMBAIOTh B KOHTPOJIbOBA-
Hux 30Hax. [To-gpyre, MOXJIMBO 1€ TTOB’SI3aHO 3 HEB/IA-
JIOIO aMILTi(pikallielo YaCTUHM IOCIiIKyBaHUX aJiesliB.
HeamrmipikoBaHMMM B TaHiil KOTOPTi XBOPUX 3aJi-
ek 13,2 % (5 i3 38) 3paskiB 3a anenem 185delAG i
7,9 % (3 i3 38) 3a anenem 5382insC, Ha IOIIO SIKOTO
npunaaae OUIbIICTD Bif yCix BUITAAKiB MyTallilf B reHi
BRCAI 16, 12, 13]. Tlo-tpere, edeKT MMiaBUILEHOT
PagioyyTIMBOCTI Y MALIIEHTIB 3 MyTaLlisSIMUA MiT CITPOBO-
KyBaTu po3BUTOK BRCA l/2-3anexXHUX 37105IKICHUX HO-
BOYTBOpPEHb y OiJIbII paHHbOMY Billi [12] i mpu3BecTn
Io cMmepTi. Tak, y HOCiiB MyTalliii OyIb-sIKAI BIUIUB OTI-
poMiHeHHs y Billi 10 30 poKiB MOB’A3aHMI 3 MiABUILIE-
HUM PU3UKOM paKy MOJIOYHOI 3aJI031 Y 032X, 3HAYHO
HIDKYMX, HXK B iHIIMX KOTOpTaX, 110 3a3HaJU BIUIMBY
pamiamii [14]. 3 wiei mpuYMHM TaKi XBOpi MOTJIM HE TTOT-
paIuTy 10 KOTOPTHU AOCiIKEHHS.

3arajoM, yYacToTa MyTallifi B 000X KOroprax
JTOCJIiI>KEHHST cepel HeBiliopaHuX 3a CiMeHUM aHaM-
He3oM xBopux Ha P4 cknana 10,4 %. BpaxoBytouu Toit
¢axr, 1110 He OyJ10 TTpoaHalizoBaHO Bech reH BRCAI ta
reH BRCAZ2, ug yactota € HeloolliHeHo10. YacToTa My-
Taliil 3aJIeXKUTh Bil COEKTPY AOCTIIKYBAaHUX MyTalliil
B reHax BRCAI/2, Bin ctynens amrutigikamii JHK i

The incidence of OC after the Chornobyl accident
was observed 27—38 years later in a cohort of women
who were from 4 to 40 years old at the moment of the
nuclear explosion.

Thus, in this study, the frequency of the most com-
mon in Ukraine BRCA 1/2 gene mutations was deter-
mined in 306 patients with OC, particularly in
exposed to IR due to Chornobyl disaster women.
There are hypotheses that the carcinogenic effect of
IR is realized to a greater extent in patients who are
born with a hereditary risk of oncological disease.
BRCA 1/2-positive women are at a higher risk of OC
development [4]. Inherited disorder of the DNA
repair system might contribute to the tumor geno-
type formation and DNA damage when exposed to
IR. Therefore, a higher rate of BRCAI/2-positive
cases of OC in women with radiation history was
predicted. However, in the cohort of OC patients
exposed to IR the mutation frequency was 5.3 %, and
in the cohort of unexposed patients 11.2 % (p = 0.39).
In our opinion, such a low prevalence of the muta-
tions in the main cohort of patients may be due to
the fact that: firstly, in the study were enrolled only
three women, follow-up workers of the accident
consequences, and two evacuated women from 30 km
zone. These women had received the highest dose of
IR compared to 33 individuals who are residents of
the control zones. Secondly, it may be related to the
unsuccessful amplification of the part of the studied
alleles. The PCR amplification was unsuccessful for
13.2 % (5 out of 38) of cases for 185delAG allele and
7.9 % (3 out of 38) of cases for 5382insC allele in this
cohort of patients. Moreover, 5382insC is the most
frequent BRCAI gene [6, 12, 13]. Thirdly, the effect
of higher radiosensitivity in positive for the muta-
tions patients could provoke the development of
BRCA 1/2-dependent malignant neoplasms at earlier
age [12] and lead to a death. Thus, any exposure to
IR for the mutation carriers under the age of 30 years
is associated with an increased risk of breast cancer
at the significantly lower doses than for other cohorts
that have been exposed to IR [14]. For this reason,
these patients could not be included into the study
cohorts.

Overall, among unselected by family history patients
with OC the frequency of the mutations in both study
cohorts was 10.4 %. Taking into account the fact that
whole lengths of BRCAI and BRCAZ2 genes have not
been analyzed, this frequency is underestimated. The
frequency of the mutations depends on a spectrum of
the of studied BRCA 1/2 gene mutations, level of DNA
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YHCeNbHOCTI BUOipKU. Tak, y IMomnepenHbOMYy HallloOMYy
JOCHiIKeHHi, e MOCiIKyBajocs 5 MyTalliii B reHax
BRCA1/2 cepen mauienTiB 3 P, yacrora myramiii Oyia
oinbioro i ckinana 12,8 % (y 32 3 249 xiHok) [6].

Cepen 1OCHiIXKYBaHOTO CIEKTPY MyTalliii BCTAaHOBJIE-
HO, 1o marojoriunumii anenb 5382insC y reri BRCAI €
JIOMIHYIOUMM, IO CIIOCTEpPIira€ThCs i B pPi3HUX KpaiHax
€pponu [12, 13]. HartomicTh anenbHMiIl BapiaHT
6174delT rena BRCAZ2 He BUSBJIEHO Y XKOAHOI MALliEHTKA
3 IBOX TPYII.

Peanizamis po3sutky PSl uepe3s miro pamiamiiiHoro ¢gpak-
Topa Yy BRCAI-TI03UTUBHUX OCi0 HAIIOTO IOCIiIKEHHS
BimOysacs y OibIll paHHBOMY Billi, HiXK y TallieHTiB 0e3
mytauin (p = 0,04). 3HailgeHO TMO3UTUBHUI KOpe-
JIsIuiHMi 3B’5130K (r = 0,97) Mix BiKkoM Ha MOMEHT Aii 1P
BHaciinok aBapii Ha YAEC i BikoM maHidecrariii P41.

BUCHOBKU

1. Yacrora Myrauiii y xBopux Ha P 3 pagiauiiitHum
aHaMHe30M Ta 0e3 TaKOro He BiApi3HSIEThCS i 3aJeKUTH
Bill CITEKTpy OOCIiIKyBaHUX MyTalliii B reHax BRCA1/2,
Bin ctyneHs amiutigikauii JJHK Ta 4ywucenbHOCTI
BUOIpKU.

2. AnenbHuii BapianT 5382insC y reHi BRCAI € nomiHy-
I0YUM i CTaHOBUTH 87,5 % y CIEKTpi MOCIiIKYBAHUX MY-
Talii.

3. Yepe3s mito pagiamiiiHoro gpakTopa 3aXBOPIOBaHHS Ha
P y BRCAI-mo3uTUBHUX OCi0 peaslizyeTbcsl Y OiTbII
paHHBOMY Billi, HiX y MaILliEHTiB 6€3 MyTalliil.

4. 3axBoproBaHictb Ha P cmocTtepiranace uepe3 27—
38 pokiB mmicasgs YopHOOMIBCHKOI KatacTpodm y Ko-
ropTi XiHOK, IKUM Ha MOMEHT aBapii 0yso Big 4 mo 40
POKiB.
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amplification and sample number. Thus, our previ-
ous research studied five BRCA1/2 gene mutations
and demonstrated a higher frequency of the muta-
tions 12.8 % (in 32 out of 249 women) [6].

Among the analyzed mutational spectrum it was
found that the pathogenic allelic variant BRCAI
5382insC is prevalent, what is observed in different
countries of Europe. [12, 13]. Whereas, the allelic
variant BRCA2 6174delT was not detected in any
patient of the main or control group.

In our study the OC manifestation related to IR in
BRCA I-positive subjects happened at an earlier age
than in patients negative for the mutations (p = 0.04).
There was a positive correlation (r = 0.97) between
the age at the time of exposure to IR due to
Chornobyl nuclear accident and OC manifestation.

CONCLUSIONS

1. The frequency of the mutations in exposed to IR
and unexposed patients with OC does not differ
and depends on a spectrum of studied BRCAI/2
gene mutations, level of DNA amplification and
sample number.

2. The allelic variant BRCA 1 5382insC is dominant
and accounts for 87.5 % of the total number of the
found mutations.

3. Due to the radiation factor the OC in the BRCA -
positive individuals is realized at the earlier age than
in patients negative for these mutations.

4. The incidence of OC after the Chornobyl acci-
dent was observed 27—38 years later in a cohort of
women who were from 4 to 40 years old at the
moment of the nuclear explosion.
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