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PO3ITOALI T’EHOTHUIIIB 3A ITOJIIMOP®I3ZMOM rs2124594 Y
XBOPUX HA XPOHIUHY JIIM®OLIUTAPHY JENKEMIIO 3
YPAXYBAHHAM PAJIALIIMHOTIO AHAMHE3Y

MeTta po6oTu: anpobyBati METOA NoNiMepa3HOT NaHLIOroBOT peakuii 3 HaCTYMHUM PECTPUKLiAHUM aHaNi3oM Ans BU3-
HaueHHs rs2124594 i nofanblioro AOCNiLKEHHA BHECKY Y PO3BUTOK XPOHiuHOT nimdouutapHoni neiikemii (XJ11) B
nicnsaYopHOBMNbLCLKMIA Nepiog.
MeTtoau. BusHaueHHs reHoTuniB 3a noniMopdizmom rs2124594 nposefeHo y 109 xBopux Ha XpoHiuHy nimdoumtap-
Hy neiikemito (XJI1) B-KNiTUHHOTO NOXOZXKEHHS, B TOMY YMCAi 53 0NpoMiHeHUX BHAcnifok YopHOOMNbCbKOT KaTacTpo-
cu. Po3nopin reHotunis y xsopux Ha XJIJ1 nopiBHAHKUI 3 TPynoto NPAaKTUYHO 3[0POBUX OCIO EBPONENCHKOTO NOXO/-
eHHsA (paHi 1000 Genomes Project).
Pe3ynbtatu. BanigHicTb anpo6oBaHoro MeToay nmifTBEpAXKeHA NPSMUM CeKBeHyBaHHAM. BCTaHOBNEHO NigBULLEHHS
pu3unky po3sutky XJ1J1 3a HocilictBa nonimopdHoi aneni C (OR = 2,37; 95 % CI 1,50-3,73; p = 0,003) Ta renotuny CT
(OR=2,10; 95 % (CI 1,38-3,21; p=0,0012). Po3nogin reHoTUNiB cepef ONpoMiHeHNX i HeoNpoMiHeHux xBopux Ha XJ1J1
He po3pi3HABCS.
BucHoBku. lNigTBEpaKeHa acouialis nonimopdHUX BapiaHTiB y ginsHkax 127180736 i 127183014 xpomocomu 8q24
no6ausy reHa c-MYC 3 pusukom po3sutky XJ1J1. Moancdikytouoro BHecKy i0Hi3y040ro BUNPOMiHEHHA Ha peanisalito
reHeTu4yHoi cxunbHocTi go XJ1J1, obymoBneHoi noniMopdHMMM BapiaHTamu rs2124594, B naHoMmy NinoTHomy
JOCNIAKEHH] He BUAB/EHO.
KniouoBi cnoBa: xpoHiyHa nimdounTapHa neiikemis, rs2124594, ioHi3yloye BMNPOMiHIOBaHHA, aBapis Ha YopHo-
ounbcbkin AEC.

Mpobnemu padiayitinoi meduyuHu ma padiobionozii. 2017. Bun. 22. C. 323-331.
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Distribution of rs2124594 genotypes in chronic lymphocytic leukemia
patients depending on radiation anamnesis

Objective: to test the method of polymerase chain reaction with following fragments' length restriction to deter-
mine the rs2124594 polymorphism and to study its contribution in the development of chronic lymphocytic
leukemia (CLL) in the post-Chornobyl period.

Methods. Genotypes of rs2124594 were determined in 109 patients with CLL of B-cell origin including 53 patients
irradiated due to the Chornobyl NPP accident. Genotypes distribution among CLL patients was compared with
healthy persons of European origin (the 1000 Genomes Project data set was used as a reference).

Results. Validity of the tested method was confirmed by direct sequencing. Associations between CLL risks and C
allele (OR=2.37; 95 % (I 1.50-3.73; p=0.003), CLL risks and CT genotype (OR =2.10; 95 % CI 1.38-3.21; p=0.0012)
were found. Distributions of rs2124594 genotypes in exposed and non-exposed to ionizing radiation CLL patients did
not differ.

Conclusions. The association of single nucleotide polymorphisms across the 8q24 chromosome region (positioned
at 127180736 and 127183014 near c-MYC gene) with CLL risks was confirmed. Modified influence of ionizing radia-

tion on genetic susceptibility associated with rs2124594 was not found in this pilot study.
Key words: chronic lymphocytic leukemia, rs2124594, ionizing radiation, Chornobyl NPP accident.
Problems of radiation medicine and radiobiology. 2017;22:323-331.

BCTYII

CXUIIBHICTD 10 PO3BUTKY XPOHIUHOI JTiM(OLIMTAPHOI JIei -
kemii (XJIJT) mae reHeTnuHe minrpyHrts. EnigeMionioriute
JociimkeHHs1 gaHux IlIBeacbKoro ciMeMHOro KaHiep-
PEECTPY BUSIBIJIO BOCBMUKpATHE ITIABUINECHHS PU3UKY
PO3BUTKY XPOHIUHOI JIiIM(MOLIMTAPHOI Y HANOIMKINX PO-
audiB [1]. Pe3ynsrat MOBHOMACIITAOHOTO JOCTiIXKEHHS
TeHOMY JO3BOJMJIM igeHTU(dIKyBaTU pso  JIOKYCIB,
aconiffoBannx 3i cxmibHicTIO 10 XJIJI [2—5]. OgauM 3
HUX € noJiiMopdizM 152456449, po3rallioBaHuii B HEKOIY-
I0Yili TIISTHIE XpoMocoMU 824 1To0IM3y JIoKaizallii reHa
c-MYC (mo3uwuis 127180736) [2, 3].

B eBporneiichkKili momyJisiiii 3a JTaHUMU OOCTEXEHHS
503 mpakTtuuyHO 3mopoBUX o0ci0 B pamkax 1000
Genomes Project posmogin reHotumiB 3a rs2456449
HactynHuii: AA renoturn 47,1 %; AG renorun 43,3 %,;
GG renorun 9,5 %, yactora aneni A 0,69, G aneni —
0,31 [6]. Y xBopux Ha XJIJI BUSIBJIEHO 3HMXKEHHS Yyac-
ToTu reHoTuny AA (31,3 % npotu 40,8 % y KkoHTpoOIi)
OpU BiAMOBiAHOMY MiABUINEHHI BiZHOCHOI KiJIbKOCTI
reHotumiB AG (52,9 % npotu 46,7 %) ta GG (15,8 %
npotu 12,5 %) i G aneni (0,42), 110 00yMOBIIIOE 3pOC-
TaHHS1 pu3uKy po3ButkKy XJIJI 3a ymoB HociiictBa G
anenda [3].

DyHkioHanbHe 3HaYeHH 152456449 HeBimoMo. Buc-
JIOBJICHO MPUITYIIEHHs, 110 BiH MOJIYJIIOE 3B’sSI3yBaHHS
¢axropy TpaHckpurnuii IRF4 (interferon regulatory fac-

INTRODUCTION

There is a genetic basis of the predisposition to
chronic lymphocytic leukemia (CLL). Results
from the Swedish Family-Cancer Database
showed the eightfold increase of risk of CLL devel-
opment in the nearest relatives of the patients [1].
Results of a genome-wide study of CLL provided
the identification of several risk loci associated
with predisposition to the CLL development
[2—5]. One of them is rs2456449, localizes in non-
coding region of 8q24 chromosome near c-MYC
gene (position 127180736 bp) [2, 3].

According to the data of 1000 Genomes Project
based on the analysis of 503 healthy Europeans the
distribution of rs2456449 genotypes was as follows:
47.1 % AA genotype; 43.3 % AG genotype; 9.5 %
GG genotype, the frequency of A allele was 0.,69,
and the frequency of G allele was 0.31 [6].
Comparing to healthy controls, in CLL patients a
lower frequency of AA genotype (31.3 % vs 40.8 %)
and a corresponding higher frequencies of AG
genotype (52.9 % vs 46.7 %), GG genotype (15.8 %
vs 12.5 %) and G allele (0.42) were found proving
for elevated risks of CLL in carriers of G allele [3].

The functional value of rs2456449 is unknown.
It was conjectured that it modulates the binding
of transcription factor IRF4 (interferon regula-
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tor 4; iHTepdepoH-peryaaTopHUil (pakTop 4) 3 TEHOM C-
MYC i TakuM 4YMHOM BIUIMBA€E Ha piBeHb €KCHpecii oc-
TaHHbOro. Ile Oya0 BCTaHOBAEGHO MNpU AOCHiAXKEHHI
KJITUH aHAIJACTUYHOI KPYMHOKJIITUHHOI T-1mimdomu
METOJIOM IMYHOIIPEUMiTallil XpOMaTUHY: IPUTHIYEHHS
IRF4 3a pgomomMoroio antu-cmuciaosux PHK npusso-
JINTH IO Pi3KOTO 3HIKEHHS KOHIEHTpallii 6inka c-MYC
[7]. IRF4 3amiguuii B mpoiuec audepeHuiroBaHHS B-
JiMpo1unTiB Ta Horo nogiMopdHi BapianTh (rs872071)
TaKOX acolliiioBaHi 3 pu3ukom po3Butky XJIJI [8, 9].

BusnaueHHs 152456449 noTpedye MpSIMOTo CEKBEHY-
BaHHsA reHomy. [lonimMopdizm rs2456449 (mo3ulis
127183014 B ginsHLi xpoMmocomu 8q24) nmepedOyBa€ y He-
BUIAIKOBIl acomialii (34eruieHHi) 3 1eKuUIbKoMa iHII-
MU nojaiMopdizmMaMu, po3TalllOBAHMMU B Tiil XKe OiJIsIH-
i xpomocomu 8q24. OmHuM 3 HUX € 152124594, pos-
MO/iJI FTEHOTUIIIiB SIKOTO MPaKTUYHO IMOBHICTIO CITiBIIaJa€
3 PO3MOIIIIOM 3a ToiMopdizMoM 152456449 B ycix rpy-
nax oocTexkeHnx ocio (kKoedimieHT kopensii 1,0). Tak,
B eBpomneiicekiit momnynsaii (3a ganumu 1000 Genomes
Project) ramnotunu rs2456449/rs2124594 6ynu Hac-
tynauMu: AA/TT — 237 ocio; AG/CT — 217 oci0;
GG/CC — 48 0oci0; i Tinbku B omHOMY Bunaaky 3 503
npoaHajizoBaHuxX BusBiieHo ramiotun AG/TT, TobTo,
BimMmiHHicTb 3a ogHolo i3 1006 aneneit. Ha BimMiHy Big
12456449, noniMopdism 152124594 (agtaaccaaaacagcatg-
gtactgg|[C/T]accaaaacagatatatagaccaatg) MiCTUTb caiT
pPeCTPUKIIii, TOMY IOTO BUBHAUEHHSI € MOXJIMBUM 3a J10-
TMIOMOTOI0 OiJIBIII TOCTYITHOTO METOAY PECTPUKIIIHOTO
aHaizy.

BinoMo, 1110 reHeTUYHA CXUJIBbHICTh OpraHi3aMy A0 po3-
BUTKY MaTOJOTIYHUX MPOLECIB peali3yeThCsl 3a YMOB Jii
MEeBHUX HETaTMBHUX YMHHUKIB HABKOJMIIHLOTO cepe-
nosuiia [10, 11].

META POBOTU

BpaxoByouu cyTTeBUII BIJIMB iOHI3yIOUOrO BUIIPO-
MiHEHHS Ha peaji3allilo OHKOJOIiYHOi i OHKOreMaTo-
JIOTIYHOI MaTOoJIOTil HaceJeHHs YKpaiHU MicJisl aBapil Ha
Yopuoounschkiit AEC [12—14], MeToto gaHoi podOTH
OyJ10: anpoOyBaTH METO/I MoJiMepa3HOi JaHIIIOrOBOI pe-
akuii (ITJIP) 3 HacTymHUM peCTPUKLIMHUM aHalli3oM
111 BU3Ha4YeHHS 152124594 i mogaapIioro qOCIimKeHHS
BHECKY y po3BUTOK XJIJI B MicasiuopHOOUIbCHKIii
nepion.

MATEPIAJI I METOAUW JOCIII2KEHHS
HocnimxeHHs niposeaeHo y 109 xBoporo Ha XJIJI B-
KJIITMHHOTO MOXOoMXeHHs: 87 voyoBikiB (79,8 %) i 23
xkiHok (20,2 %) BikoMm Bim 33 mo 74 pokiB Ha MOMEHT
niarHosy (cepeaHiii Bik (58,83 £ 0,95) pokiB).

tory factor 4) with gene ¢c-MYC and thus influ-
ences the expression level of the latter. It was
found in the study of cell’s lines of anaplastic
large cell lymphoma by chromatin immunopre-
cipitation method: IRF4 silencing by anti-sense
RNAs resulted in MYC protein downregulation
[7]. IRF4 is involved in the process of B lym-
phocytes differentiation and their polymorphic
variants (rs872071) associated with CLL risk
also [8, 9].

The detection of rs2456449 is performed by direct
DNA sequencing. Polymorphic variant rs2456449
(position 127,183,014 bp of 8q24) is in disequilibri-
um linkage with some others polymorphisms of the
same part of 8q24. One of them is 1s2124594. The
distribution of 152124594 genotypes fully corresponds
to the distribution of 12456449 in all observed popu-
lations (r = 1.0). For example, among healthy
Europeans (according to the data of 1000 Genomes
Project) haplotypes rs2456449/1rs2124594 were as
follows: AA/TT — 237 persons; AG/CT — 217 per-
sons; GG/CC — 48 persons. Discordant haplotype
AG/TT was revealed in only one of 503 analyzed
cases, which means the difference of only one from
1,006 alleles. Unlike to 1s2456449, nucleotide
sequence of 152124594 (agtaaccaaaacagcatg-
gtactgg| C/T)accaaaacagatatatagaccaatg) contains a
site of restriction. Therefore, it is possible to use
restriction fragment length polymorphism analysis to
its detection.

It is known that genetic predisposition for
development of diseases is realized under the
influence of certain negative environmental fac-
tors [10, 11].

OBJECTIVE

Considering the significant impact of ionizing
radiation (IR) on realization oncological and
oncohematological pathology in post-Chornobyl
period among the population of Ukraine [12—14],
the objective of this work was: to test the method
of restriction fragment length polymorphism to
determine the rs2124594 and to study its contribu-
tion in the development of CLL in the post-
Chornobyl period.

MATERIALS AND METHODS

The distribution of rs2124594 was studied in 109
CLL patients: 87 males (79.8 %) and 23 females
(20.2 %) at the age of 33—74 years (mean age
(58.83 £ 0.95) years).
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YactuHa nauieHTiB (n = 53) 3a3HaJia BIIMBY iOHi3yI0-
YOro BUMPOMiHEHHs BHACHAiA0K YOpHOOMILCHKOI KaTa-
crpodu. Cepen Hux: 3 eBakyiioBaHux 3 M. [1pum’ate, 8
MEIIKAHIIiB KOHTPOJIbOBAHUX TEPUTOPiil, 3a0pyIHEHUX
panmioHykJizaMu, 42 y4acHUKM JiKBigalil HacIiaKiB
asapii (JIHA) na YAEC (33 6panm ygacts B JIHA B 1986
p., 9 — B 1987—1989 pp.).

Jo3u ompomiHeHHsI, 3a JaHUMHU OMILiAHUX IOKY-
MEHTIB, CTAHOBUJIA B CEpEIHBOMY IIJI yyacHMKiB JIHA
1986 p. (38,23 = 10,36) ¢3B (n = 17) i yuacHukis JIHA
1987—1989 pp. — (4,16 = 0,44) c¢3B (n = 6). HakonnueHi
no3u (3 1986 poky mo miarHosy XJIJI) y 6 mMelmkaHIIiB
paniauifiHo 3a0pyaHeHUX TepuTopiil (cepemHs mo3a
(1,21 £ 0,39) ¢3B) po3paxoByBaauCh 3a MOKAa3HUKAMU
miapHOCTi 3a6pynHeHHs Cs. AGcopOoBaHi 1031 3 eBa-
KyitoBanux 3 M. [Tpun’are (cepentst nosa (5,06 £ 0,16)
¢3B) OyJM PEKOHCTPYOBaHi 3 ypaxyBaHHSM JaTU Ta
MaplIpyTy eBaKyallii, JaTU BUI3LY i3 3a0pyTHEHUX TePHU-
TOpili Ta puitomMy npenapartiB HOY.

ITopiBHSIHHST PO3IOIiNY T€HOTUITIB MTPOBOAUIIN 3 TPY-
MO0 TMPAKTUYHO 3A0POBUX OCiI0O €BPOMENHCHKOI MOIY-
qauii (n = 503), npeacrasienoro B 1000 Genomes
Project Dataset [4].

ITenomny HAHK pgnsg mpoBemeHHS MOJEKYISIPHUX
JOCJTiKeHb OTPUMYBAJIM 3 MOHOHYKJIeapiB nepudepuy-
HOI KpoOBi 3 BUKOpucTaHHIM Habopy QIAamp Blood
Mini Kit (Qiagen, Benuka bpuranis) 3rimHo 3 iHCTpyK-
1Ii€10 BUPOOHMKA.

Hns netexuii rs2124594 6yau po3po0iieHi opuriHaIbHi
npanmMmepu:
> npamuii: 5 -TTGCCGTCCCAAGCAATGGATGA-
3'ta
> 3BopotHuii: 5'-'TCTGGGAAGGGACAGAAGAT-
GAC -3'.

Awmmutidikamiro npoBoauiu 3 50 vr IHK B ITJIP cyminri
3arajJbHUM 00 eMoM 25 MKJ1, 1110 BKJIo4asa 200 HM Kox-
Horo mpariMepa i cymimn mist amrutidikaitii PCR Master
Mix (Fermentas). Pexxum amrutiikariii OyB HACTYITHUM:
iHimiamisg — 94 °C, 3 xB, motiM 35 UMKIIB amInTiikalii
(94 °C — 30 cek, 62 °C — 30 cek, 72 °C — 40 cex). Bukopuc-
tToByBaBcs TepMmounkiep Bio-Rad C1000 Touch.

Pecrpuxkuito npoaykris ITJIP npoBonuiv 3 BAKOPUCTaH-
asM pectpukTasn Kpnl (FastDigest Kpnl, Thermo Scienti-
fic) 3rigHo 3 pekomeHaauismu BupooHuka. [Tpu ITJIP am-
TuTicpikalii yTBOproBaBCsl TIPOAYKT i3 772 map HYKJICOTUIIB
(I.H.), KMl y BUmnaaky ajieji T MaB callT pecTpMKIIl A1t
pectpukTa3u Kpnl, Toni sk y Bunanky anens C cailT pecT-
puKiii OyB BiacyTHiil. OLIHKY MPOAYKTIB PeCTPUKIIil TTPO-
BOIMJIM 32 JOTIOMOTOI0 eyiekTpodopesy y 1,5 % arapozHomy
rejti. 3a HociiictBa reHotuny TT yTBOplOBaIMCh 2 CMyTru
pospizanoro npounykty ITJIP peakuii — 292 11. H. Ta 480 11. H.

Some patients (n = 53) were IR-exposed due
to Chornobyl NPP accident. This subgroup
included 3 evacuees from Prypiyat, 8 inhabitants
of radionuclide-contaminated areas, and 42
accident clean-up workers (ACUW) (33 of them
were clean-up workers of 1986, and 9 were
clean-up workers of 1987—1989).

Doses of irradiation of ACUW according to the
public documents were in average 38.23 £ 10.36 cSv
for ACUW of 1986 (n = 17) and (4.16 * 0.44) for
ACUW of 1987—1989 (n = 6). Accumulated doses
(since 1986 to the diagnosis of CLL) in 6 residents of
contaminated areas (mean dose 1.21 = 0.39) were
calculated based on '¥’Cs soil contamination density.
Absorbed doses for the 3 evacuees from Prypiyat
(mean dose 5.06 £ 0.16 cSv) were reconstructed tak-
ing into account date and route of evacuation, date of
removal from contaminated territory, and the admin-
istration of iodine as a precautionary measure.

The comparison of rs2124594 genotype frequencies
in CLL patients was performed with those for individ-
uals of European population (n = 503) retrieved from
the 1000 Genomes Project Dataset [4].

Genomic DNA for molecular analysis was
extracted from peripheral blood mononuclear cells
using the QIAamp Blood Mini Kit (Qiagen,
Crawley, United Kingdom) according to the man-
ufacturer’s protocol.

Original primers were designed for the rs2124594
detection:

> forward: 5'-TTGCCGTCCCAAGCAATG-
GATGA-3" and
> reverse: 5'-"TCTGGGAAGGGACAGAA-
GATGAC -3'.

Polymerase chain reaction (PCR) was per-
formed in total volume 25 mL with 50 ng DNA,
200 nM of each primer and PCR Master Mix
(Fermentas) on thermocycler Bio-Rad C1000
Touch. Amplification regime was as followed: ini-
tiation — 94 °C, 3 min. and then 35 cycles (94 °C —
30 sec., 62 °C — 30 sec., 72°C — 40 sec.).

Aliquots of 5 uLL. PCR product were subjected to
restriction endonuclease digestion for genotyping
using the restriction enzyme Kpnl (FastDigest
Kpnl, Thermo Scientific) according to the manu-
facturer’s protocol. PCR product was 772 bp and
had restriction site for Kpnl in case of T allele
(restriction site was absent in case of C allele).
Results of reaction were evaluated in 1.5 % agarose
gel. Two lines of restricted PCR product (292 bp
and 480 bp) manifested TT genotype. Only one
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3a HocilictBa reHoTuIty CC crioctepiraiach oqHa cMyra He-  line of non-restricted PCR product (772 bp) was
po3pizaHoro TIPOIyKTY amIntidikaltii — 772 m. H. [eteposn-  detected in case of CC genotype. Heterozygous
rotauii BapianT (reHoturt CT) mposiBisBcst yrBopeHHsM — CT genotype was visible as three lines (292 bp, 480
TPbOX CMYT — 292 1. H., 480 1.H. Ta 772 1. H. (puc. 1). bp, and 772 bp) (Fig.1).

772Hn / bp =—> !
.

480 Hn / bp =——>
292 Hn/ bp =—>

PucyHoK 1. Pesynbratn Bu3HaueHHA nonimopdgismy rs2124594 meToaom nonimepasHoi IAHLIOrOBOT peakuii
3 HaCTYNHOK PeCTPUKLiEI0 OTPUMAHUX NPOAYKTIB pecTpukTasow Kpnl.
Cmyrn 1, 2,4,5 - reHotun TT; 3, 8 — reHotun CC; 6, 7 — reHotun CT.

Figure 1. Results of rs2124594 polymorphism detection by method of polymerase chain reaction with fol-

lowing fragments restriction by the restriction enzyme Kpnl.
Bands 1, 2, 4, 5 - TT genotype; 3, 8 — CC genotype; 6, 7 — CT genotype.

Pesyapratu TIJIP (amrutidikaliiss odpaHoOi HiASTHKHA Direct Sanger sequencing confirmed the PCR
xpomocomu 8q24 ta HasgBHicTh C abo T amenmsa) Oymu  results (amplification of selected part of chro-
MiATBEepKEHI TIPIMUM CEKBEHYBaHHSIM TMPOAYKTIB pe- mosome 824 and presence of the C or T allele,
akuii (puc. 2). Fig. 2).

470 480 490 500
AAACAGCATGGTACTGGCACCAAAACAGATATATAG

o m

PucyHOK 2. Mpsame cekBeHyBaHHA 3a Sanger meToaoM, npeacTtaBneHo CT reHoTun 3a rs2124594.

Figure 2. Direct Sanger sequencing, CT genotype of rs2124594.
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CratucTuyHy o0OpoOOKY TIpPOBOAMIAM y MpoOrpami Statistical calculations were performed with

SNPstats tool (http://bioinfo.iconcologia.net/snpstats/  SNPstats tool (http://bioinfo.iconcologia.net/

start.htm). snpstats/start.htm).

PE3VYJIBTATU I OBITOBOPEHHA RESULTS AND DISCUSSION

B rpyni obctexenux, xpopux Ha XJIJI, mopiBHsiHO 3 ~ Comparing to healthy persons, among CLL
MpakTUYHO 3IO0POBUMM Oco0aMM BUSBIEHO 3HauHe  patients we found significant decrease of TT geno-
3HMKeHHs yactotu reHoTuny TT i 30inbimenHs HociiB C  type frequency and increased frequency of C allele
ajiesisl mepeayciM 3a paxXyHOK reTepOo3UIroTHOro reHoTu-  carriers, mainly due to increase of CT heterozy-
ny CT (tab6a. 1). gous genotype (Table 1).

Lle 06yMOBITIOBAJIO MiABUIIIEHHS PU3UKY PO3BUTKY XJIJI This caused higher CLL risk in carriers of poly-
y HociiB nomimopdHoro anensg C i reHorunty CT (ta6i. 2). morphic C allele and CT genotype (Table 2).

Ta6nuusa 1
Po3noain reHotuniB 3a rs2124594 cepep o6cTexkeHnx xsopux Ha XJIJ1, y nopiBHAHHI 3 NPaKTUYHO 3/0POBUMU
ocob6amu

Table 1
The distribution of rs2124594 genotypes among observed CLL patients compared to healthy persons

KinbkicTb oci6 (%) 3 reHoTunamm 3a rs2124594

Number of persons (%) with rs2124594 genotypes Hactora anens C

F'pynu oci6

Groups of persons - cT cc C allele frequency

XBopi Ha XJ1J1 / CLL patients 31(28,4) 66 (60,6) 12 (11,0) 0,42

®inm (PiHngupis)/ Finns (Finland)* 46 (46,5) 40 (40,4) 13 (13,1) 0,333 0,012
Bputn i wotnanaui (Benvka bpuraisi) 41 (45.1) 41 (45.1) 9(9,9) 0,324 0,05
Britons and Scots (Great Britain)*

16epiiiui (Icnanis) / Iberians (Spain)* 54 (50,5) 46 (43,0) 7(6,5) 0,28 0,003
TockaHui (Ianiq) / Tuscans (ltaly)* 61 (57,0) 35(32,7) 11 (10,3) 0,266 0,001

MpumiTka. * — NpakTM4HO 310poBi 0cobw (http://www.1000genomes.org/).
Note. * — healthy persons (http://www.1000genomes.org/).

Ta6auusa 2

Pusuk po3sutky XJU1 y HoCiiB OKpemMux reHoTunie rs2124594

Table 2

CLL risks in carriers of different rs2124594 genotypes

Mopenb ycnapkyBaHHs FeHotun 3nopoBi ocobu Xsopi Ha XJU1 OR (95% CI)* p

Model of inheritance Genotype Healthy persons CLL patients

KopomixanTtHa / Co-dominant T 238 30 1,00
CT 217 67 2,45 (1,54 - 3,91) | 0,0005
1T 48 12 2,12 (0,92 — 4,92)

[NomiHaHTHa / Dominant 1T 238 30 1,00 ‘ 0.0003

CT+CC 265 79 2,37 (1,50 -3,73) | ™

PeugecvBHa / Recessive TT+CT 455 97 1,00 ‘ 0.65
CC 48 12 1,17 (0,60 — 2,29) ’

OseppomiHaHTHa / Over-dominant TT+CC 286 42 1,00 ‘ 0.0012
CT 217 67 2,10(1,38-3,21) | ™

Mpumitka. *OR (Odds ratio) — nokasHuk cnieeigHoLLeHHs waHciB; Cl (confidence interval) — noBipunin iHTepsan.
Note. *OR — Odds ratio; Cl — confidence interval.

Cunin 3a3HaYUTH, 110 PO3MO/LI TeHOTUITIB 152124594 y It should be noted that the distribution of rs2124594
oocrexxeHnux Hamu xBopux Ha XJIJI cmiBmamaB (p =  genotypes in observed CLL patients from our group
0,377) 3 po3mnoniaoM TeHOTHUIB 3a 152456449 B rpymi  corresponded (p = 0.377) to the distribution of
xBopux Ha XJIJI, mocaimkenux Crowther-Swanepoel 3i 152456449 in CLL patients from the study of
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cmiBaBT. [3]. Mu npoBeu Take MOPiBHSIHHS, BPaXOBYIO-
YY MOpPaKTUYHO TOBHY BiAMOBIAHICTb MiX HOCIMCTBOM
anenmiB T (1rs2124594) i A (rs2456449) ta Ci (rs2124594) i
G (rs2456449).

BonHouac, po30iKHOCTI MiXXK XBOPMMHU 3aJ€XHO Bif
paniaiiiHOro aHamMHe3y BUSIBUJIKMCH HEBIPOTIAHUMU
(puc. 3). CriocTepiraiach JIAIIIe TSHICHIIIS O TTiABUAIICH-
Hs1 yactoTu romo3urot CC 3a nojiiMopdHUM ajiesieM cepe,
OINPOMiHEHMX TAlli€HTIB, aje PO30iXKHOCTI MixX OIIpOMiHe-
HUMU i HEONTPOMiIHEHUMU XBOPUMMU BUSIBWIIMCH HE3HAUY-
mwmmu (p = 0,12). YacTora momimopdHoi anesti C MixX BKa-
3aHuMU miarpynamu cniBnagana (0,44 ta 0,39; p = 0,867).

70

60

50

40

%
30 -

omiHeHi / IR-exposed

20!
0 npomiHeHi / IR-non-exposed

10}-

T CT cC

TakuM YMHOM, 3aPOMIOHOBAHO METO/ BU3HAYEHHS 10~
JiMopdizmy 152124594 B HeKoayroUiil JiASIHLII XpOMOCOMU
8024 sx cyporatHoro Mapkepa rnosiimMopdismy 1s2456449,
acoliiitoBaHoro 3 pu3ukom po3Butky XJIJI. Ha BigmiHy Big
152456449, BU3HAUEHHS SIKOTO MOTpeOye CEeKBEHYBaHHSI
HHK, nocnimkeHHs 152124594 MoxXHa MPOBOAUTH OLIbIILI
npoctuM i gjoctynnHum MetoaoM ITJIP 3 HacTynHOO pect-
PUKIIIEI0O MPOOYKTIB peakiiii. [TopiBHSIHHS pe3ynbTaTiB,
OTPUMaHMX LIMM METOJIOM, 3 pe3y/IbTaTaMM MPSIMOTO CEeK-
BEHYBaHHSI MiATBEpAUJIO MOT0 BaliIHICTb.

BcranosneHo, 110 y xsopux Ha XJIJI B o6cTexeHiit Ha-
MU TpYIli po3nonil reHoTtuiiB rs2124594 cniBmamaB 3
PO3IOIIJIOM TeHOTHINIB 3a 152456449 cepen XBOpuX Ha
XJIJI, memikanuiB Benukoi bpuranii, IlIeeuii, CIIIA Ta
[Tonpmi [3] i mOCTOBipHO BiAPi3HIBCS BiJl MOKA3HUKIB Y
MOIYJALIT MPaKTUYHO 3I0poBUX oci6. Lle miaTBepmKye
acolrialliro rmosiMop@HUX BapiaHTiB y misiHI 127180736~
127183014 xpomocomu 8q24 nmooau3zy reHa c-MYC 3 pu-
3uKoM po3BUTKY XJIJI. Brumus rs2124594 Ha pusuk pos-
BuTKy XJIJI criocTepiraBcs 1K cepe OMpOMiHEHMX, TaK i
HEONpPOMiHEHUX XBOpUX. Moaudikyodoro BHECKY
iOHi3yI04OT0 BUIIPOMIHEHHS Ha peajli3allilo FeHeTUYHOI
cxunbHOCTI mo XJIJI, oOyMoBIIeHOI TTONiMOpOHUMU

Crowther-Swanepoel et al. [3]. We made such a com-
parison considering close association between T allele
of 152124594 and A allele of 152456449, and between
C allele of 152124594 and G allele of 1s2456449.

At the same time, genotype frequencies in IR-
exposed and IR-non exposed CLL patients did not
differ significantly (Fig. 3). We found only weak
tendency to increasing CC genotype frequency in
IR-exposed CLL patients (p = 0.12). The frequen-
cies of polymorphic C allele in IR-exposed and
IR-non-exposed CLL patients were similar (0.44
and 0.39; p = 0.867).

PucyHoKk 3. Po3nopgin HociiB okpemux reHo-
TMNiB 3a rs2124594 cepep onpomiHeHUX Ta Heon-
pomiHeHux xBopux Ha XJUL.

Figure 3. The distribution of rs2124594 geno-
types in IR-exposed and IR-non-exposed CLL
patients.

In summary, we propose a method for detection
of 152124594 in noncoding region of 8q24 as surro-
gate marker of 12456449 associated with CLL
risk. In contrast to rs2456449, which detection
needs direct DNA sequencing, the determination
of rs2124594 is possible by restriction fragment
length polymorphism method. The comparison of
the results obtained by restriction analysis with the
results of direct sequencing confirmed the validity
of proposed method.

It was found that the distribution of rs2124594
genotypes in observed CLL patients from our
group corresponded to the distribution of
1s2456449 in CLL patients from Great Britain,
Sweden, USA and Poland [3], and significantly
differed from data of healthy persons. It is con-
firmed association of polymorphic variants in
regions 127,180,736 bp and 127,183,014 bp of
8q24 chromosome near c-MYC gene with CLL
risk. Influence of rs2124594 on CLL risk was
found in IR-exposed and in IR-non exposed CLL
patients. Modifying influence of IR on realization
of genetic predisposition to CLL risk based on
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BapiaHTamu 152124594, B gaHOMY ITJIOTHOMY JIOCJiI-
JKE€HHI He BUSIBJIEHO.

BUCHOBKU

1. ITlinTBepakeHa acolliallis moJiMOpdHUX BapiaHTIB y
ninstkax 127180736 1 127183014 xpomocomu 8q24 1106-
mm3y reHa c-MYC 3 pusnkom po3Butky XJIJI.

2. Monugikyodoro BHECKY iOHi3yl04OTO BUIIPOMiHEH-
HsI Ha peaJtizallilo TeHeTUYHO1 cxuiabHoCTi 10 XJIJI, o0y-
MOBJIeHOI nojiMopHUMM BapiaHTamu 152124594, B na-
HOMY NUJIOTHOMY JOCHiIXEHHI HEe BUSIBJICHO.

HocnimxeHHss BUKOHAHO B paMKaxX HayKOBO-JOCTiTHOL
poboTu 3a raiay3eBuM IiaHoMm HaiioHanbHOI akageMil

MEIWYHMX HayK Ykpainu (Ne nepxpeecTpaliii
0117U000623).
IToasika

ABTOpHY BHUCJOBIIOIOTh IIUPY BASYHICTH M. Tomacy
XapMmcy, npe3ueHTy onarofiiHoi opranizanii KIHEV-
Kinderhilfe Kiew €.V 3a momomory y TipumbaHHi pea-
TeHTIB.
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