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CITEKTP MYTAIIIN TEHIB 7P53, SF3BI ta NOTCH1Y XBOPUX
HA XPOHIYHY JIM®OIIUTAPHY JEUKEMIIO, IKI 3A3HAJIN
BILJINBY IOHI3YIOUYOT'O BUTTPOMIHEHHS BHACJIIIOK
ABAPII HA YOPHOBMJIBCHKIN AEC

Merta. lpoaHanizyBatu cnekTp myTauin reHis TP53, NOTCH1 Ta SF3B1y XBOpUX Ha XPOHiYHY NiMOLMTAPHY NeiKkeMilo
(XN11), aki noctpaxpanu BHacnigok aeapii Ha YopHoOunbcbkii AEC, ans 3'AcyBaHHA MOXNMBUX 3B'A3KIB MiX
ioHi3ylounm BunpomiHioBaHHam (IB) ta XJJ1.
Metopau. Mytauii renis TP53 NOTCH1 Ta SF3B1 pocnifxyBanu WisxoMm NpsiMOro CEKBEHYBAHHA B OCHOBHii rpyni 106
xBopux Ha XJU1, siki 3a3Hanu BnauBy IB BHacnifok aBapii Ha YopHobunbebkint AEC, a Takoxk y KOHTponbHi rpyni 130
HeonpoMiHeHux xBopux Ha XJUJ1.
Pe3ynbratu. Yactota mMyTauiit reHis TP531 SF3B1 cyTTEBO He po3pi3HANach B 060X rpynax i CTaHOBUNA, BiANOBIAHO,
11,3 % i 10,0 % y ocHoBHit Ta 12,7 % i 11,5 % y KOHTpOAbHiit rpyni. BogHouac, yactota mytauiit reHa NOTCH1 6yna
HUXYOI0 Y NaLieHTiB, AKi 3a3Hanu snausy IB (6,7 % npotn 17,7 % y koHTponi; p = 0,012). B ocHOBHi# rpyni YacToTa
myTauii reHa TP53 Gyna OopfHakoBol y BuNagkax 3 MyToBaHumu (11,1 %) i HemyToBaHuMM (11,8 %) reHamu
BapiabenbHUX GiNbHULb BAXKNUX NaHLOriB iMyHOrnobyniHie (IGHV), Toai fiK B KOHTPONbHil rpyni BUABNEHA TeHAEHLA
B0 30iNblIEHHS YacToTu MyTauiin TP53y XxBOpUX 3 HeMyToBaHUMMU IGHV reHamu NopiBHAHO 3 MyToBaHUMMU IGHV reHamm
(14,1 % 12 5,6 %, p = 0,178). B ocHOBHilt rpyni myTauii reHis SF3B1 i TP53 maitxe y NONOBUHU XBOPUX 3yCTpivanuch
OAHOYACHO. HaBmaku, B KOHTPONbHIN rpyni icHyBana B3aEMHA EKCKIIO3UBHICTb MiX HAfBHIiCTIO MyTauill reHiB SF3BT i
TP53 (p = 0,001). Cepep nauieHTiB 3 XJ1J1, aki 3a3Hanu Bnausy 1B, BUABNEHO ABa BUNAAKMW 3 iEHTUYHOK PiAKICHOW
myTauieto reHa TP53 — 3amiweHHs c.665C>T (Pro222Leu). Ugs 3amiHa, iiMOBIpHO, € BpOLXeHUM noaiMopdi3MoM reHa
TP53, wo moxe BnnmBath Ha po3sutok XJUJT nig Bnausom IB.
BucHoBOK. Hawi nonepepHi AaHi cigyarth, Wo nopyweHHsa reHa TP533agisHi y po3sutky XJ1J1y xBopux, onpomMiHeHUX
nig yac aBapii Ha YopHoOunbebkiit AEC, a TakoX NMpo MOXIWMBUIA 3B'A30K BPOMKEHOT YYTNMBOCTI [0 iOHi3yK4oro
BUNPOMiHIOBaHHS, 06yMoBNEHOT nofimopdHUMU BapiaHTamu TP53, 3 BNIMBOM paaiauiliHOro onpoMiHeHHs i pO3BUTKOM
XJ.
Knio4oBi cnoBa: xpoHiyHa nimdounTapHa neikemis, myTtauii TP53, SF3B1, NOTCH1, ioHi3ylo4e BUNPOMiHIOBaHHS,
aBapis Ha YopHobunbebkiii AEC.
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THE SPECTRUM OF 7P53, SF3B1, AND NOTCHI MUTATIONS IN
CHRONIC LYMPHOCYTIC LEUKEMIA PATIENTS EXPOSED TO
IONIZING RADIATION DUE TO THE CHORNOBYL NPP ACCIDENT

Objective. to analyze TP53 NOTCH1 and SF3B1 mutations in chronic lymphocytic leukemia (CLL) patients, sufferers
of Chornobyl NPP accident to clarify the possible relationship between ionizing radiation (IR) and CLL.

Methods. Mutations of TP53 NOTCH1, and SF3B1 genes were studied by direct sequencing in the main group of 106 CLL
patients exposed to IR due to Chornobyl NPP accident and in the control group of 130 IR non-exposed CLL patients.
Results. We found TP53 and SF3B1 mutations with similar incidence in both groups — 11.3 % and 10.0 % in the main
group, and 12.7 % and 11.5 % in the control group, respectively. In contrast, the frequency of NOTCH1 mutations
was lower in IR-exposed patients (6.7 % vs 17.7 %; p = 0.012). TP53 mutations were seen with equal frequency among
mutated (11.1 %) and unmutated (11.8 %) immunoglobulin heavy-chain variable gene (IGHV) cases in IR-exposed
CLL patients, while the tendency to prevalence of 7P53 mutations in unmutated compared with mutated IGHV cases
was found in the control group (14.1 % and 5.6 %, correspondingly; p = 0.178). In IR-exposed group SF3B1 muta-
tions were combined with mutations in TP53almost in half of detected cases. In opposite, in the control group there
was mutual exclusivity between SF3B7 and TP53 lesions (p = 0.001). Among IR-exposed CLL patients we found two dif-
ferent cases with identical rare mutation of TP53 gene — ¢.665C>T substitution (Pro222Leu). This substitution is very
likely to represent inherited TP53 mutation, which may influence CLL development under IR exposure.

Conclusion. Our preliminary data suggest that TP53 abnormalities are involved in CLL development in subjects
exposed at the Chornobyl accident and also a possible connection between inherited sensitivity to ionizing radia-
tion caused by mutation in 7P53 radiation and CLL development.

Key words: chronic lymphocytic leukemia, TP53 SF3B1, NOTCH1 mutations, ionizing radiation, Chornobyl NPP accident.
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BCTYII
3a3Buyuaii XxpoHiuHa JiMdpormTapHa aeiikeMis (XJIJT) BBa-
JKAaEThCS HepamioreHHo1o ¢dopmolo Jelikemii. Lle TBepa-
JKeHHSI TIepeBaXKHO 0a3yeTHCST Ha pe3yJIbTaTax 00CTeKEHHS
0ci0, SIKi BVDKWJIU TTCIIS simepHUX 6oMOapayBaHb XipociMu
ta Haracaxi (xoua XJIJI 3ycTpiya€eThCsl BKpail piako cepen
MEIIKaHIIB A3ii) i XBOPHMX, TTPOTIKOBAaHMX 3a JTOTIOMOTOIO
npomeHeBoi Tepartii [ 1, 2]. Kpim Toro, octaHHi ocimKkeH-
Hs1 (bpaHILy3bKOi KOrOPTU IpalliBHUKIB aTOMHOI MPOMKC-
JIOBOCTI TaKOK He BUSIBWIM HaaMipHoro pu3uky XJLT [3].
B Toi4 ke yac emnigeMioJioriuHi gaHi om0 aBapii Ha Yop-
HOOMIBCHKiN aToMHill enekTpocTaHlii (AEC) VYkpainu
CBiUaTh PO MiABUILEHHS pU3UKY po3BUTKY XJIJI 32 yMOB
Iii ioHizyrouoro BurnpomiHeHHs1 (1B) [4—7]. Panile Hamu
Oy/11 BU3HAUYEeHi eBHi KJIiHiYHi Ta 6i0JIOriYHi 0COOJIMBOCTI
XJIJI B rpymi yyacHUKIB JikBimauii aBapii Ha YopHo-
ounbebKiit AEC, sKi cBigyaTh Mpo HECTPUSTIUBUIA TTe-
pebir 3aXBOPIOBAHHS, a caMe: BUCOKAa 4acTOTa PO3BUTKY
BTOPMHHUX COJiIHMX MyXJIMH i TpaHcopmaliil Pixrepa,

INTRODUCTION

Generally, chronic lymphocytic leukemia (CLL) is
considered to be a non-radiogenic form of
leukemia. This is based mainly on the investigation
of survivors of Hiroshima and Nagasaki nuclear
bombing, though CLL is very rare in Asian popu-
lation, and radiotherapy patients [1, 2]. In line
with these, recent study of French cohort of
nuclear industry workers did not reveal an excess
risk of CLL [3].

At the same time epidemiological data on
Ukrainian clean-up workers of Chornobyl
nuclear power plant (NPP) accident reveal radi-
ation risks of CLL [4—7]. We previously found
some clinical and biological features of CLL in
group of clean-up workers of Chornobyl NPP
accident indicating an unfavorable disease
course, such as high frequency of secondary
solid tumors and Richter transformation, main-
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nepeBaXXHO HEMYTOBaHWiIl CTaTyC TeHiB BapiabeslbHUX
TUTBHUIb BAXKWX JIAHITIOTIB iMyHOTJ100yiHIB (IGHV) 3
MiIBUIIIEHUM BUKOPUCTaHHSAM TeHiB IGHVI-691a IGHV 3-
21 [8]. AHami3 TeHeTMYHMX OCOOJMBOCTEN JIEHKO3HMX
kiiTiH y xBopux Ha XJIJI, onmpomineHnx 1B, Moxe HagaTn
JIOAATKOBI AaHi MPO MOXKJIMBUIA MPUYMHHO-HACiIKOBUIA
3B’s130K Mixk XJ1JI Ta ioHi3yI040I0 pajialli€ro.

IB € BimoMuM (pakTOpoOM PU3MKY PO3BUTKY OKPEMUX
OHKOIeMaToJIOTiYHMX HOBOYTBOPEHb, MPOTE HOro KaH-
LIEpOreHHa Jisl OCTaTOYHO He 3’sicoBaHa. BBaxaloTh, 1110
IB moxe 6e3nocepenHbo iHAYKYBaTU MyTallil B OHKOTe-
Hax i reHax-cyrpecopax, abo CIpHUSITU TTO3UTUBHIN ce-
JIeKLii TeMaTONOoeTUUYHUX KJIITUH-TOIEePEeIHUKIB 3 Ha-
SIBHICTIO TIEBHMX IIPE€-OHKOTEHHMX ITOIIKOIKEHb, IO
HaJaloTh MepeBary BUXKMBaHHIO IIPU OIIPOMiIHEHHI, 30K-
pema abepaiiiii reHa 7P53 [9, 10]. [eH myxJIMHHOTO CyII-
pecopa T'P53 BUKIMKAE OCOOJMBUI iHTEPEC Y BUBUYECHHI
KaHLeporeHHUX edekTiB 1B, ocKilbku HOro mpomykT
0iTOK P53 CIYKUTH KITIOUOBUM PETYIAITOPOM KITITHHHUIX
peaxliii y BillmoBins Ha TeHOTOKCUYHUI cTpec (BKII0Ua-
ouu gito IB), iHayKyoun aronTo3 ado 3ynMuHKY KJTITUH-
Horo HukJy i penapatito JHK, Tum camum oOMexyroun
pict abepanTHmx KiaituH [11—13]. IHakTuBauis Ginka
p53 BHaCiZOK HasgBHOCTI MyTalliii B reHi TP53 npu3Bo-
JIUTh IO TTOPYILIEHb WX ITPOLECiB, MiABUIICHHS TeHOM-
HOI HECTabUIbHOCTI Ta 3MiH paaiouyTIMBOCTi [14].

Myrauii reHa TP53 BUSIBISIOTHCS TIPUOIN3HO Y 5—10 %
nauieHTiB npu giarHoctuii XJIJI. ¥ GinblocTti BUnaakis
(moHax 80 %) BOHU CYNPOBOIXKYIOThCS AENELiIMU Y
npyriit aneni TP53 (dell7p). HasgBHicTh MyTaliii reHa
TP53 acouiiioBaHa 3 Pe3NCTEHTHICTIO XBOPUX IO TTPOBE-
JIeHHs XiMioTeparllii i 3MEeHIIeHHSIM TIepioAy 3arajibHOro
BWKMBaHHS, IX YacToTa 30iIbIIyeThCs 10 40 % y XBOpHX 3
MPOIPECi€r0 3aXBOPIOBAHHS Ta IIpU pedpaKTepHOMY ITe-
pebiry XJIJI [15—19]. Okpim myrauiii reHa 7P53, npu
3aCTOCYBaHHiI Cy4aCHUX METO[IB CEKBEHYBAHHSI F€HOMY
BUSIBJIEHO TaKOX ITOPYLUEHHS iHIIMX T'eHiB, 3aiIHUX B
naToreHes3 3axBoproBaHHs. HailOinbI 4acTo BUSIBIISIIOTh-
ca wmytauii reniB NOTCHI i SF3BI1 (Bix 5 mo 20 %
naiieHTiB) [19—22]. Iloka3zaHo, 110 MyTallii IIUX T'eHiB
3a3BMYall HE acollilloBaHi MixX COOOI0 i TAaKOXX MOB’sI3aHi 3
HECMPUSTIUBUM IepediromM 3axBoproBaHHs [23, 24].

binpuricte NOTCH I myratiiii y xBopux Ha XJ1JI ipencras-
JIeHi IeJIelliero 1BoX map HykJIeoTumdiB (c.7544 7545delCT),
1110 MPU3BOAUTH 10 TOSIBU CTOIM-KOAOHY i Aesellii pery-
nsaropHoro PEST nomeny, rimepekcrpecii KOHCTH-
TyuiitHo aktuBHOTO Oinka NOTCH1 Ta neperymnsiii ps-
Iy KJIITUHHUX CUTHaJdbHUX 1uisixiB [20]. Myrauii reHa
SF3B1 (oOCHOBHMIT KOMITOHEHT MEXaHi3My CILJIACUHTY)
MpeacTaBiIeHi, B OCHOBHOMY, missense 3aMiHAaMM y €BO-
JIIOLIIAHO KOHCEPBAaTUBHUMX TapsiuuX TOYKax. BBaxaroTs,

ly unmutated status of heavy chain variable
region (IGHV) genes with increased usage of
IGHV1-69 and IGHV3-21 [8]. Analysis of gene-
tic features of leukemic cells in IR-exposed CLL
patients may provide an additional data on the
possible causal relationship between CLL and
ionizing radiation (IR).

IR is a well-known risk factor for several hemato-
logical malignancies, however it’s carcinogenic
action are still poorly understood. They have been
commonly attributed to the direct induction of
mutations in oncogenes and tumor suppressor
genes, or, as it was suggested, might be related to a
positive selection of hematopoietic progenitor cells
with certain preexisting oncogenic lesions, confer-
ring survival advantage upon irradiation, in particu-
lar 7P53 aberrations [9, 10]. Tumor suppressor 7P53
is of special interest in the study of carcinogenic
effects of IR, since its product p53 protein serves as
a key regulator of cellular responses to genotoxic
stress (including IR action), inducing apoptosis or
cell cycle arrest and DNA repair, thus restricting
aberrant cell growth [11—13]. Inactivation of p53 by
mutations in 7P53 gene results in disruptions of
these processes, increased genomic instability and
alterations in radiosensitivity [14].

In CLL TP53 mutations have been reported in
approximately 5—10 % of patients at diagnosis. In
the majority of cases (over 80 %) they are accom-
panied by deletion in the remaining 7P53 allele
(dell7p). TP53 aberrations are strongly associated
with chemotherapy resistance and short survival of
CLL patients, their incidence rises up to 40 % in
progressive and refractory CLL [15—19]. Besides
TP53 mutations, several other putative driving
lesions have been identified in CLL by next gene-
ration sequencing. Among the most frequently
mutated are NOTCH I and SF3B1 genes (5 to 20 %
of patients) [19—22]. Alterations in these genes
were shown to be presented in mutually excluding
fashion and were associated with unfavorable di-
sease outcome [23, 24].

The most of NOTCH I mutations in CLL are rep-
resented by 2-bp deletion (c.7544 7545delCT),
which generates a premature stop codon within the
negative regulatory PEST domain, leading to con-
stitutively active NOTCH1 and deregulation of a
number of cellular signaling pathways [20].
Mutations in SF3B1 gene (a core component of the
spliceosome machinery) are represented mostly by
missense substitutions localized within evolution-
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1110 iX HasIBHiCTb MoAMGiKye B3aeMofiio 6inka SF3B1 3
IHIIMMU KOMIOHEHTAMM KOMILIEKCY, 11O Peali3yeThCs Y
MOpyIIeHHI crutaiicuHry [25, 26]. Takox BCTaHOBJIEHO,
110 MyTallii TeHa MOXYTb MPU3BOIUTU IO MOPYIIECHHS
KJIiTUHHOI Binnosiai Ha momkomkeHHs JJHK [27]. He-
1monaBHo mytauii reHiB NOTCH ta SF3B1, a Takox nie-
SIKMX 1HIIMX T'eHiB, OyJM BUSIBJIEHI B MYJBTUIIOTEHTHUX
TeMOITOeTUYHMX KJIITUHAX-TIONepeIHUKaX Y XBOpUX Ha
XJUJI, mo BKa3ye Ha Te, 110 paHHi KPOBOTBOPHI MoIle-
PEIHUKU MOXYTb OYTM KJIITMHHUMM MIILIEHSIMUA OHKO-
TeHHUX MOMiit, moB’a3aHux 3 po3BuTKoM XJIJI [28]. Lle
Jae HoBe po3yMiHHA matoreHe3y XJIJI, 3axBoproBaHHS,
sIKE 3a3BMYall BBAXKAJIOCS TaKUM, 1110 TTOXOAUTH 3i 3pLTUX
JimdouuTis [29].

JlocmigKeHHSI T€eHETUYHUX MOpYylLIeHb y XBOpUX Ha
XJIJI, gxi 3a3Hanu BriuBy 1B, mooguHoxki [30].

META

Mertoto gaHoi pobOoTtu OyJio HpoaHalizyBaTM MyTallii
TP53, NOTCHI ta SF3B1 y xBopux Ha XJIJI, saKi moct-
paxpanu BHacigoK aBapii Ha YopHobunbscbkiilt AEC,
IUIS 3’SICYBAaHHS MOXJIMBUX IMATOTEHETUYHUX 3B’SI3KiB
mix ngieto IB ta XJIJI.

MATEPIAJIM I METOJIN
XapakTepucTuka o0cTexkeHux xBopux. JlociimxyBaHa
Koropra BkJtouasna 236 xsopux Ha XJIJI (196 4osoBikiB
Ta 40 XiHOK), sKi Ha mpoTa3i 2002-2013 pp. 3BepHYyIUCS
no 11V «HauioHanpHUiA HayKOBUIA LEHTP pamialliiiHOl
meanuiu HAMH Ykpainu» B M. Kuei. JocmimkeHHs
OyJIO CXBajJleHO MiCLIEBOIO €THYHOM0 KOMicCi€r, a BcCi
MnalieHTU Hagaau oOrpyHTOBAHY 3rojly Ha y4acTb Y HbO-
my. HiarHo3 XJIJI BcTaHOBIIIOBaJIM Ha OCHOBI KJIiHiKO-
reMaToJIOTIYHUX KPUTEpiiB Ta iMYHO(MEHOTUITYBAHHS
nmimM@onunTiB TTepudepnaHoi Kposi. CTajis 3aXBOpIOBaH-
Hs OyJ1a BCTaHOBJIEHA BiAIOBiAHO 10 Kiacugikairii Binet
[31], xpuTepii Npu3HAYEHHS JIIKyBaHHS BiAITOBiZaIN
kputepisgM HauioHanbHoro iHcTutyTy paky CIIA [32].
ITauienTn 6yau po3noAijeHi Ha ABi TPy 3aJI€XKHO Bil
BrummBy 1B. OcHoBHyY rpyny ckianu 106 nauieHTis 3 XJ1J1
Ta aieto 1B B aHaMHe3i, a Apyra rpymna (KOHTpOJIbHA) CKJ1a-
nanacs 3 130 xBopux Ha XJIJI, gKi He 3a3Hanu BIivByY IB.
Cepen xBopuX, gKi 3a3Hanu BIumBy [B, Oymo 83 yuac-
HUKU JIiKBigauii HacmigkiB asapii (YJIHA), 16 mem-
KaHIIiB 3a0pyIHEHMX PadiOHYKJilaMU TepUTOpi Ta 7
eBakyiioBaHux. IHdopmaris npo no3u YJIHA otprumaHa
3 JlepkaBHOro peectpy YKpaiHM 0cCiO, 110 MOTepHiau
BHacJigok YopHoOUIbChKOI KaTacTpodu. Ha ocHOBI ga-
HMX TIPO IIUTbHICTB 3a0pyaHeHHs IpyHTY *’Cs obuuciie-
HO HakommyeHi go3u (3 1986 p. mo miarnoszy XJIJI) y 9
MellIKaHLiB 3a0pyaHeHnx teputopiii (0,23; 0,39; 0,54;

arily conserved hotspots. They are assumed to
modify SF3B1 interaction with other elements of
spliceosome complex resulting in aberrant splicing
[25, 26]. It was reported also, that SF3B1 mutations
can be functionally linked with a defective DNA
damage response [27]. Recently NOTCHI and
SF3B1 mutations as well as some other lesions have
been identified in the multipotent hematopoietic
progenitor cells from CLL patients indicating that
early hematopoietic progenitors may be cellular
targets of oncogenic events involved in CLL devel-
opment [28]. This provides a new insight into
pathogenesis of CLL, which is generally considered
to arise from mature lymphocytes [29].

Data on genetic research in the CLL patients who
had irradiation in their anamnesis are sporadic [30].

OBJECTIVE

The objective of the study was to analyze TP53,
NOTCHI and SF3BI mutations in CLL patients,
sufferers of Chornobyl NPP accident to clarify the
possible pathogenetic relationship between IR and
CLL.

MATERIALS AND METHODS

Patients and Samples. The studied cohort included
236 CLL patients (196 males and 40 females)
referred to the National Research Center for
Radiation Medicine, Kyiv, during the period of
2002-2013 years. The study was approved by the
local Ethics Review Committee, and all patients
gave informed consent prior to participation in it.
The diagnosis of CLL was based on clinical histo-
ry, lymphocyte morphology, and immunopheno-
typic criteria. Stage of disease was established
according to the Binet [31], and treatment
requirement was according to National Cancer
Institute (NCI) criteria [32].

Patients were divided into 2 groups according to IR
exposure. The main group included 106 IR exposed
CLL patients and the 2™ group (the control group)
consisted of 130 IR non-exposed CLL patients.

The group of IR-exposed CLL patients included
83 clean-up workers, 16 inhabitants of radionu-
clide contaminated areas, and 7 evacuees.
Information about doses of clean-up workers was
available from the State Registry of Chornobyl
Catastrophe Sufferers of Ukraine. Accumulated
doses (since 1986 to the diagnosis of CLL) in 9 res-
idents of contaminated areas (0.23; 0.39; 0.54;
0.73;0.73; 1.24; 1.62, 1.67 and 2.12 cSv) were cal-
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0,73; 0,73; 1,24; 1,62; 1,67; 2,12 ¢3B) (cepenHs BikoBa
J03a, TUIIOBA JJIs1 TAHOTO PiBHS 3a0pyAHEHHSsI Miclie-
BOCTi), BpaxoBaHO iHdoOpMallilo TIpO BUMIipIOBaHHS
pagioaKTUBHOTO 11€3il0 B OpraHi3Mi Mpu AiarHOCTULIL
XJUT (3a HasiBHOCTI). [TormuHyTi 103K 17151 eBaKyiioBa-
Hux 3 [Tpum’sti Oyau peKOHCTpYiloBaHi 3 ypaxyBaHHSIM
JlaTy i MaplIpyTy eBaKyallil, 1aTy 3aJulleHHs 3a0py/i-
HEHOI TepuTOpil Ta BXMBAHHS HOMy SIK 3aro0i>KHOTO
3axomy. IlamieHT” mBOX Tpym OyJM CITIBCTABHUMM 3a
BiKOM, CTaIi€10 3aXBOPIOBAHHS, MyTaLliiHUM CTaTyCOM
IGHY renis, CD38-mo3uTHBHICTIO Ta KIiHIYHOIO (ha-
3010 3aXBOPIOBaHHSI HA MOMEHT IIPOBEIECHHS MOJIEKY-
JISPHUX JOCiIXeHb (Tab. 1).

Ienomua JIHK pis MosekyisipHoro aHamizy Oyiia
eKCTparoBaHa 3 MOHOHYKJICApHMX KIITUH Iiepude-
pUYHOI KPOBi 3a MPOTOKOJOM BHpoOHMKA QIAamp
Blood Mini Kit (Qiagen, Crawley, United Kingdom).

Anani3 myramiiitnoro crarycy IGHV. Myraitiiinuii cra-
Tyc reHa IGHYV oliHIOBaIM METOIOM ITTOJIiMepa3Hoi JIaH-
mrorosoi peakuii (ITJIP) 3 HacTymHUM NpsSIMUM CEKBEHY-
BaHHSIM, sK onucaHo Buiie [8]. ITocaimoBHOCTI aHai3y-
Baau 3a gonoMorow 06a3 maHux IgBlast Ta IMGT.
IMocainoBHOCTI 3 roMosiorielo > 98 % 3 BiANMOBIIHOIO
repMiHaTUBHOIO MOCHiTOBHICTIO TeHa IGHV BBaxanucs
HemytoBaHuMK (UM), a Bumnaaku 3 < 98 % romorsori€eio
pO3LiHIOBAIUCH K MyToBaHi (M) [33, 34].

Anani3 myrtaniiinoro crartycy reuis 7P53, NOTCHI ta
SF3B1. Anani3 myTaliiii reHiB TP53 OyB mpoBeeHUI y
ek3oHax 3—10. Myrauii NOTCHI ta SF3BI npoa-

Ta6nuusa 1

culated on the basis of the data on 'V’Cs soil conta-
mination density (mean age dose typical for a given
level of local contamination) and information on
measurements of radioactive cesium in the body at
the CLL diagnosis (if available). Absorbed doses for
the evacuees from Prypiyat were reconstructed ta-
king into account date and route of evacuation, date
of removal from contaminated territory, and the
administration of iodine as a precautionary measure.
Patients of the two groups were comparable in age,
stage at diagnosis, IGHV mutational status, CD38
positivity, and clinical phase of the disease at the
moment of molecular studies (Table 1).

Genomic DNA for molecular analysis was extract-
ed from peripheral blood mononuclear cells with the
QIAamp Blood Mini Kit (Qiagen, Crawley, United
Kingdom) according to the manufacturer's protocol.

IGHV mutation status analysis. The IGHV gene
mutational status was assessed by PCR amplifica-
tion followed by a direct sequencing, as described
above [8]. Sequences were analyzed using the
IgBlast and IMGT databases. Sequences with > 98 %
homology with the corresponding germ-line IGHV
gene were considered as unmutated (UM), and
cases with <98 % homology were considered to be
mutated (M) [33, 34].

Mutation analysis of TP53, NOTCHI and SF3BI1
gene. 7P53 gene mutation analysis was performed for
exons 3 to 10. NOTCH mutations and SF3BI muta-

Kniniko-remaronoriyni nokasHmku xsopux Ha XJ1J1 0CHOBHOT Ta KOHTPOJIbHOT rpyn

Table 1
Baseline clinical characteristics of observed CLL patients

OcHogHa rpyna / IR-exposed patients  KontponbHa rpyna / control group

Mokasuukm / characteristics p
n=106 n=130
Bik, poku; MepiaHa (poskua) / median age, years (range) 57 (39-76) 58 (33-77) 0,714
Cratb, n (%) / sex, n (%) 0,015
yonosiva / male 95 (89,6) 101 (77,7)
XiHoya / female 11 (10,4) 29 (22,2)
Crapisi 3a Binet, n (%) / Binet stage at diagnosis, n (%) 0,259
A 50 (47,2) 66 (50,8)
B 49 (46,2) 49 (37,7)
C 7(6,6) 15(11,5)
MyTauiituin ctatyc /GHV rewis, n (%) / IGHV mutational status, n (%) 0,345
MyTOBaHi / M 36 (34,6) 36 (28,8)
HemyToBaHi / UM 68 (65,4) 89 (71,2)
CD38-no3utuBHi B-knituHu, % (po3kun) 26,3 (0-91,8) 19,5 (0-85,1) 0,213
CD38-positive B-cells, % (range)
Kniniuna dasa X/1J1, n (%) / clinical phases of CLL 0,528
He noTpedyioTb fikyBaHHs / no first treatment required 46 (43,4) 66 (50,8)
nepes noyaTkom Tepanii 1-i nikii / requiring first treatment 41 (38,7) 44 (33,8)
peuvmans xgopobu / relapsed 19 (17,9) 20 (15,4)
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HaJli30BaHi B TaK 3BaHUX «rapsyux TOuyKax» IeHiB, B
SKNX, 3a JaHUMM JITepaTypud, BUSBICHO IIEpPEBaKHY
OunblicTh MyTalit y xBopux Ha XJIJI: B obnacti
¢.7282 7680 34-ro ex3ona reHa NOTCH1 i B ex3oHax 14,
15 ta 16 rena SF3B1 [20—23, 35—37]. Anani3 Mmyraliii
3ailicHioBaiu MetoaoM TTJIP 3 HacTynmHUM NpsSIMUM CeK-
BeHYBaHHS TIpoaykTy amruridikartrii. I[TJIP mpoBogumm 3
10 ur reromuoi IHK B 25 MKJT peakuifiHOi cyMilli, 1110
mictuiaa 0,3 MKM KoxHoro mpaitmepa, 1,5 MM MgCl,,
0,8 MM dNTP i 0,25 U IHK-nonimepaszu KOD-Plus-
Neo (Toito60, Ocaxka, Smownig) a6o 0,125 U JHK-
noniMmepazu AmpliTaqGold (Applied Biosystems).

ITocnimoBHOCTI BUKOPUCTAHUX MpaliMepiB AOCTYITHI 3a
zarnurtoM. s amrntidikaliii ek3oHiB 14—16 rena SF3B1
BUKOPUCTAHI mpaiimepu, po3pobiieHi Rossi Ta criBaBT.
[23], 3 He3HauHOlO Moaudikalieo. YmoBu I1JIP Oymu
OINTUMI30BaHi JUIsI KOXHOI Mapy IpaiimMepiB. AMILIi-
dikoBanuii mpoaykt (10 Mki) oOpobasim 2 MKI
ExoSAP-IT (Affymetrycx) i mimmaBaau mpsiMOMY CEKBE-
HyBaHHIO 3 HabopoMm BigDye Term v3.1 (Applied
Biosystems). CekBeHyBaHHSI TTPOBOAWIN 3 3 MKJ IPO-
aykty TIJIP y cymimi 20 Mki, 1o Mmictuiaa 3 OMOJIb
npaiimMepa Ta 2 MKia OapBHuka Big Dye Terminator.
[Tpaiimepu nj1sd ceKBeHYBaHHS Oy TaKMMU XK, SIK i TIpU
nposeneHHi [TJIP. YMoBu peakiiii cekBeHyBaHHs: 94 °C
npotsarom 2 xB 3 HactynmHuMu 30 nuxkiamu rnpu 96 °C
npotsarom 10 ¢ ta 60 °C npotsrom 4 xB. 3pa3ku aHaIi3y-
Baiu Ha cekBeHatopi JJTHK ABI PRISM 3730 (Applied
Biosystems).

HaHi nopiBHIOBaIu 3 pedepeHTHUMU NOCTiTOBHOCTSI-
MU HeMmyToBaHmMX reHiB: (7P53: NC _000017.10;
NOTCHI: NM _017617.3; SF3B1: NG_032903.2). Xa-
paKkTepucTUKa MyTallili TpoBeJAeHAa 3a JOITOMOTOoI0 0a3u
nanux mytanii IARC TP53 (http://pS3.iarc.fr/) ta my-
tanifiHoi 6asu manux UMD TP53 (http://p53.fr/) nns
reHiB 7P53 ta COSMIC (http://cancer.sanger.ac.uk /
cancergenome / projects / cosmic / mist reHiB NOTCH1
ta SF3BI.

CraTucTUUHy OOpOOKY IIPOBOAMIN 3a JOIIOMOTOIO
nporpamHoro nmakety SPSS 13.0 (SPSS, Chicago, IL).
HaHi mpeacTaBieHi y BUIMISAI cepelHiX * cTaHaapT-
HUX BigxuJieHb Ta MeaiaH. [ mopiBHsIHHS Oe3repe-
PBHUX JaHUX BUKopucToByBanu Wilcoxon TecT, KaTe-
ropiaJbHMX ITaHUX — ? TecT. 3arajbHy BUKMBaHICThb
nauieHTiB BU3HAYaIU K Jac Bifg giarHoctuku XJIJI oo
JaTU CMeEpTi yepe3 Oyab-sKYy NPpUUYMHY abo maTu OcC-
TaHHBOTO CIIOCTEepPEXEHHs, 3a MeTomoMm KarmaH-
Meiiepa i ouiHoBanu 3a gonomoro log-rank Tecrty.
VHiBapiaHTHMIA Ta MyJbTHUBapiaHTHUU Cox per-
peciiiHuil aHali3 BUKOPUCTOBYBAIMU [JIsI MEpeBipKuU
He3aJIe>XXHOI MPOTHOCTUYHOI CUIM KOXHOIO MapamMeT-

tions were analyzed in the hotspot regions of these
genes were the vast majority of CLL-specific lesions
were reported: in ¢.7282 7680 region in exon 34 of
NOTCH1 gene, and in exons 14, 15 and 16 of SF3B1
gene [20—23, 35—37]. Mutation analysis was done by
PCR amplification followed by direct sequencing.
PCR was performed using 10 ng of genomic DNA in
a 25 uL reaction mixture containing 0.3 uM of each
primer, 1.5 mM MgCl,, 0.8 mM dNTPs, and 0.25 U
of KOD-Plus-Neo DNA polymerase (Toyobo,
Osaka, Japan) or 0.125 U of AmpliTagGold DNA
polymerase (Applied Biosystems).

Primer sequences are available by request.
Primers for exons 14—16 of SF3BI gene were as
designed by Rossi et al. [23] with little modifica-
tions. PCR conditions were optimized for each
primer pair. The amplified product (10 uL) was
treated with 2 uL of ExoSAP-IT (Affymetrycx)
and submitted to direct sequencing with BigDye
Term v3.1 kit (Applied Biosystems). The sequenc-
ing reaction was carried out with 3 uL of PCR
product in a 20 uL volume mixture containing 3
pmol of primer and 2 uL of Big Dye Terminator.
The primers were the same as used in the PCR.
The sequencing reaction conditions were: 94 °C
for 2 min followed by 30 cycles at 96 °C for 10 s and
60 °C for 4 min. The samples were then analyzed
in ABI PRISM 3730 DNA sequence analyzer
(Applied Biosystems).

Data were compared with reference sequences:
(TP53: NC_000017.10; NOTCHI: NM_017617.3;
SF3BI: NG_032903.2). Mutations were validated
using the TARC TP53 Mutation Database
(http://p53.iarc.fr/) and UMD TP53 Mutation
Database (http://p53.fr/) for TP53 gene and
COSMIC database (http://cancer.sanger.ac.uk /
cancergenome / projects / cosmic / for NOTCHI1
and SF3B1 genes.

Statistics were performed using the SPSS 13.0
software package (SPSS, Chicago, IL). Data shown
are the means plus or minus standard deviations,
and medians. The Wilcoxon rank-sum test for con-
tinuous variables and chi-square test for categorical
variables were used to compare characteristics
between different subgroups of patients. Overall sur-
vival (OS) of patients was defined as time from diag-
nosis to date of death due to any cause or last fol-
low-up time, which ever occurred first, estimated by
the method of Kaplan and Meier and assessed by
the log-rank test. Univariate and multivariate Cox
models were used to verify independent prognostic
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pa. MiHiMi3zalito MopdeJii BUKOHYBaJW IMOETAHOIO
3BOPOTHOIO eJliMiHali€lo. Beci 3HaueHHs p Oyiau ABOC-
TopoHHIMHU, 3HaYeHHs p < 0,05 BBaxXaau CTAaTUCTUIHO
3HAYYIIMMU.

PE3VIJIBTATU

Yacrora myrauniii reniB 7P53, SF3BI ta NOTCHI. My-
tauii re”iB TP53, SF3B1 ta NOTCH1 6ynu BUSIBICHI Yy
12,7; 11,51 17,7 % nawi€eHTiB KOHTPOJILHOI IpyIy (TadJI.
2). i yacToTH CX0Xi 3 JAHWMMU iHIIMX KOTOPT XBOPUX Ha
XJUJT [35, 36, 38]. Myrauii reniB TP53 ta SF3B1 6y
BUSIBJIEHI 3 TIOJiOHOI0 YacTOTOIO B OCHOBHIM Ipyri —
BigmosigHo 11,3 % Ta 10,0 %. I1pote, yacToTa MyTaLiiit
reHa NOTCH1 y OCHOBHIil TpyIli BUSIBUIACh HIKYIOIO
MOPIBHSTHO 3 KOHTPOJIbHOIO rpynolo (6,7 % nipotu 17,7 %;
p=0,012).

Yacrota myTauiit 7P53 30i1blryBagach cepell Mali€eHTiB,
SKi TTOTpeOYyIOTh MOYATKOBOIO JIiKyBaHHS Ta B pPeLUIMBI
3axBOpIOBaHHS B 000X rpynax (p = 0,0001 mist Bcix XBoprx
Ha XJIJI, p = 0,001 — y KoHTposbHiii rpymi Ta p = 0,038 —
B OCHOBHIli Tpyti). B 000X rpymax Takox crocTepirajach
TEHJIEHIIiST 10 30UThIIIEHHST KiTbKOCTI MyTarliit reHa SF3B1
Yy XBOpHMX 3 PELUMIMBOM 3aXBOPIOBAaHHsS IIOPIBHSHO 3
nauieHTaMu, sKi TOTpeOyIoTh MOYAaTKOBOIO JIIKYBaHHS i
Brepiie AiarHocroBaHux (p = 0,051 mas BCix XBopux Ha
XJUI, p= 0,173 — B ocHOBHiii rpymi i p = 0,242 — B KOHT-
ponbHiit rpymi) IMommpenicts myrawiii rena NOTCHI y
KOHTPOJIBbHIl TPYITi B TTOPiBHSIHHI 3 TALliEHTaMMU, SIKi 3a3-
Hanu BruiuBy 1B, Oysa Giiblil OUeBUIHOO cepel Malli€EHTIB,
SIKi MOTPeOYIOTh ITOYaTKOBOTrO JiKyBaHH: (p = 0,007).

XapakrepucTuka mytamiii 7P53. Y 28 3 236 xBopux Ha
XJIJI oyno BuseneHo 30 wmyrawiit reHa TP53, y aBox
TMaIli€HTIB KOHTPOJIBHOI IPYINU (OAMH — MOTPeOyBaB JIiKY-
BaHHSI NEPLIOI JIiHil i ONMH 3HAXOAUBCS Y PELUINBI 3aXBO-

Ta6nauusa 2

power of each parameter. Model minimization was
performed by stepwise backward elimination. All p
values are two-sided, and p value < 0.05 was consid-
ered to be statistically significant.

RESULTS

Frequency of TP53, SF3BI and NOTCHI mutations.
Mutations of 7P53, SF3B1, and NOTCH I were found
in12.7 %, 11.5 %, and 17.7 % of patients in the con-
trol group (Table 2). These frequencies are comparable
with data from other CLL cohorts [35, 36, 38]. TP53
and SF3BI gene mutations were found with similar
incidence in the main group — 11.3 % and 10.0 % cor-
respondingly. However, the frequency of NOTCHI
mutations in the main group was lower in comparison
with the control group (6.7 % vs 17.7 %; p = 0.012).

TP53 mutations were enriched among patients
requiring first treatment and relapsed CLL in both
group (p = 0.0001 for all CLL patients; p=0.001
in the control group and p = 0.038 in the main
group). In both groups there was also a tendency
to increased number of SF3BI mutations in
relapsed CLL patients compared with patients
requiring first treatment and new diagnosed ones
(p = 0.051 for all CLL patients; p = 0.173 in the
main group and p = 0.242 in the control group).
The prevalence of NOTCH I mutations in the con-
trol group compared with IR-exposed patients
was more evident among patients requiring first
treatment (p = 0.007).

Characteristics of 7P53 mutations. Overall, 30
TP53 mutations were detected in 28 of 236 CLL
patients, two patients of the control group (1 —
requiring treatment and 1 — relapsed) had two dif-

Yacrora myTauin reHis TP53, SF3B1 i NOTCH1 B rpynax o6cTexeHuUx nauieHTis

Table 2
Distribution of genetic lesions in observed CLL patients

Mokasuukm / characteristics

OcHogHa rpyna / IR-exposed patients

KontponbHa rpyna / control group p

TP53 myTauji, n (%) / TP53 mutations, n (%) 1231106 (11,3) 163 126 (12,7) 0,748
= 2 | He noTpebytoThb NikyBaHHs / no treatment required 2346 (4,3) 3365 (4,6) 0,947
<f=>_ é nepeg, Tepanieto 1-i ninii / requiring first treatment 5341 (12,2) 6342 (14,2) 0,779
& & | peunams xsopobu / relapsed 5319 (26,3) 7319 (36,8) 0,485

NOTCH1 myrauji, n (%) / NOTCH1 mutations, n (%) 73105 (6,7) 233130 (17,7) 0,012
= «» | He noTpebytoThb NikyBaHHs / no treatment required 2346 (4,3) 6366 (9,1) 0,338
of:>r B | nepen Tepanieto 1-i nikii / requiring first treatment 4341(9,8) 15344 (34,1) 0,007
& & | peunavs xsopobu / relapsed 1318 (5,6) 2320(10,0) 0,612

SF3B1 myrauii, n (%) / SF3B1 mutations, n (%) 9390 (10,0) 143122 (11,5) 0,733
= o | He noTpebytoTb NikyBaHHs / no treatment required 2339 (5,1) 6359(9,2) 0,447
& & | nepen Tepanieto 1-i niHii / requiring first treatment 4338(10,5) 4340 (10,0) 0,939
g‘g peuuave xsopodu / relapsed 3313(23,1) 4317(23,5) 0,977
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pIoBaHHS) OyJIM MPUCYTHI OMHOYACHO ABi Pi3Hi MyTallii.
Haitgacrime 3yctpivanmnch missense mytatii (20/30,
66,7 %), SKi NPUBOIUIN 10 3HAYHOI BTPATU aKTUBHOCTI
Oinka p53. AHaji3 TpaHCKPUIILIAHOT aKTUBHOCTiI MyTaHT-
Horo p53 3a momomoroio aiaroputmy MUT-P53 11
(http://p53.free.fr) mokazas, mo y 16 3 20 (80 %) missense
MyTallilii 3aJIMIIKOBA aKTUBHICTb OiJiKa cTaHOBUWJIA MEHILIE
25 % y nopiBHsIHHI 3 p53 aukoro tuy. Kpim missense my-
Talliif TAaKOX BUSIBJICHI iHIII TeHETUYHI MOPYILIEHHS reHa
TP53: nenettii Ta BctaBku (6 Bumankis, 20 %), HeCMUCITOBI
mytauii (3 Bumagku, 10 %) i omHa nernelis, MopylIyBajia
CILIAiCUHT 5’ perioHy ek30Ha 9 (KOHTpoJIbHA TpyTia).
Myrauii 7P53 Oyayd po3MOAiIeHi MPaKTUYHO PiBHO-
MipHO MiX eK30HaMM Bif 4 1o 9, ajie HaifyacTillie BOHU
BUSIBJISUIMCSI B €K30Hi 6 (8 BuMankiB, 26,8 %). OgHy My-
Tallito OyJ10 BUSIBIIEHO B €K30Hi 3 i >KogHOi — B eK30Hi 10.
IlepeBaxanu mytaiii, JokaiizoBaHi y JIHK-3B’s3yto0uo-
My nmomeHi (3ammmku 102—296): 20 3 30 (66,7 %) BU-
MajKiB, 10 BiANOBIiga€e rmomnepeaHiM MoBigoMIeHHSIM |16,
17]. Binburicth 3 BUsSBIeHUX MyTauiil reHa TP53 (25 3 30,
83,3 %) panile Oyau oIyOIiKOBaHi, OJHAK TUTBKU JIBi 3
HUX JIOKQTi3yBAJIUCh Y KJIACUYHUX <«Tapsurx» TOYKAX,
ormmcanux nipu XJIJI, a came: B mo3umisix Arg248 (3amiHa
p.Arg248Thr y maiieHTa OCHOBHOI rpynu) Ta Arg282
(3amiHa p.Arg282GIn y XBOpPOro KOHTPOJIBHOI TPYIIH).
IT’aTb BUsIBIEHUX MyTallili reHa TP53 onucaHi Brieplie.
CyTTEBUX BiIMiHHOCTEH 32 TUITOM i TTIOIIMPEHICTIO MY-
tauiii reHa TP53 y xsopux Ha XJIJI oCHOBHOI Ta KOHT-
pOJIBHOIL TPy He 3HaineHo. [IpoTe B OCHOBHIM IpyIli BU-
gaBiieHo nBa Bumnagku (1,88 %), npeacrasieHi ineHTUY-
HOIO OJHOHYKJICOTUIHOO 3aMiHOI0 ¢.665C>T, 1110 npus3-
BOAMJIA 10 3aMiHM TIPOJIiHY Ha JISMLIMH B MOJOXEHHI 222
(p.Pro222Leu) y aMiHOKUCIOTHIil MOCiAOBHOCTI i 3HAY-
HO 3HMXKYBaja aKTMBHICTb Oijka p53: 3aJMIIKOBA aK-
TUBHICTb cTaHOBMJIA 23,96 % TOPiBHSIHO 3 AMKUM TUTIOM
p53 3a anroputMom MUT-P53 I1. Mu po3uinuim 1o
MYTallilo K OAHOHYKJIeOoTuAHUI moniMopdizm (SNP),
OCKIJIbKH B OTHOTO ITalliEHTa BOHA OyJla TAKOX BUSIBJIC-
Ha B JIHK OykanpHOTO emiTemito (aHaIi3 TepMiHATUBHOI
HHK npyroro naitieHTa OyB HETOCTYITHUM).
XapakrepucTuku mytaiiii renis SF3B1i NOTCHI. My-
tauii NOTCHI Oynau TpeAcTaBlIeHi TUIIOBOIO MEJICLIEI0
JIBOX Tap HYKJIEOTUAIB y 34-My ek30Hi ¢.7544 7545delCT
(P2514fs*4) y Bcix 30 XBOpuX 3 BUSABICHUMU MY-
TauisiMyd. BBaxaloTb, 1m0 s MyTalisi TPU3BOAUTH 10
nopymeHHs nerpagauii NOTCHI depe3 Brpaty C-
tepMmiHanpHoro PEST gomeny [20, 39]. ¥V nBox
nauieHTiB 3 aeneuieto ¢.7544 7545delCT (o ogHOMY 3
OCHOBHOI Ta KOHTPOJILHOI TpyM) Oy/Ix BUSIBJICHI TOAaT-
KoBi MyTauii NOTCHI. B ogHOoMy BUTaaKy e OyJia me-
JIelist omHOro HykJeoTuny c.7444delC, omyOiikoBaHa

ferent mutations. 7'P53 mutations were represen-
ted mainly by missense substitutions (20/30,
66.7 %), which resulted in significant loss of p53
activity. Analysis of residual transcription activity
of mutant p53 with MUT-P53 II predictive algo-
rithm (http://p53.free.fr) showed < 25 % activity
compared to wild type p53 in 16 of 20 (80 %)
mutations. Beside of missense substitutions, 7P53
truncating lesions were found: frameshift deletions
and insertions (6 cases, 20 %), nonsense mutations
(3 cases, 10 %) and one deletion affected the 5’
splicing site of exon 9 (control group case).

TP53 mutations were distributed almost evenly
between exons 4 to 9, but the most frequently were
detected in exon 6 (8 cases, 26.8%). One mutation
was found in exon 3 and no mutations — in exon
10. TP53 mutations mainly affected DNA binding
domain (residues 102—296) — 20 of 30 (66.7 %)
cases, that is consistent with previous reports [16,
17]. The most of detected 7P53 mutations (25 of
30, 83.3 %) were previously published, but only
two of them (8 %) were located in classic hot spots
reported in CLL (Argl75, Arg248, Arg273, and
Arg282) — p.Arg248Thr (main group case) and
p.Arg282GlIn (control group case). Five of detect-
ed TP53 mutations were not reported before.

We did not reveal significant differences in type
and distribution of TP53 lesions between main and
control CLL groups. However, in main group we
found two different cases (1.88 %) presented by an
identical single nucleotide substitution ¢.665C>T,
which led to change proline for leucine in position
222 (p.Pro222Leu) and significantly impaired p53
activity according to the MUT-P53 II predictive
algorithm (23.96 % compared to wild type p53).
We considered this mutation as single nucleotide
polymorphism (SNP) because in one patient it was
found in DNA from the buccal mucosa also
(germline DNA sample was not available for the
second patient).

Characteristics of SF3B1 and NOTCHI muta-
tions. NOTCH I mutations were represented by ty-
pical two base pair deletion c.7544 7545delCT
(P2514fs*4) in all 30 patients with revealed muta-
tions. This mutation is predicted to result in
NOTCH1 -impared degradation through the trun-
cation of the C-terminal PEST domain [20, 39]. In
two patients with ¢.7544 7545delCT deletion (one
from the main group and one from the control
group) additional NOTCH I mutations were detec-
ted. In one case it was previously published single
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padimre [37], B iHIIIOMY — BCTaBKa OJTHOTO HYKJICOTUIY
¢.7570_7571insC, paHim He onucaHa. O6uaABI MyTalii
3MiHIOIOTh PaMKy 34YMUTYBaHHSI HYKJEOTUAHOI IOCJIi-
JOBHOCTI, i, BUXOASYM 3 iX JOKaJi3allii, mepeadayaeThb-
¢S, 110 BOHU TaKOX MPU3BOISATH 10 BTpATU PETYSITOP-
Horo PEST pgomeny, mo mopyulye aerpajgailiro Oinka
NOTCHI.

Maiixxe Bci imeHTudikoBaHi Myrtauii reHa SF3BI
(22/23, 95,7 %) Oynu TipencTaBiIeHi TeTepPO3UTOTHUMU
missense MyTalissMu, KpiMm aenertii ¢.2352-2360del9, sxa
He TIPU3BOIMIIA IO 3CYBY paMKM 34YUTyBaHHS. B xkomHo-
MY BUIIQJKy HE BUSBJIEHO OLUIbII, HixK OAHI€l MyTallil y
oaHoro nauieHTa. CiMHaaLSTh i3 22 BUSIBIEHUX MyTalliil
(77,3 %) onucani panime [22, 23, 35—38], OGLIbLIICTD 3
Hux (13 3 17; 76,5 %) Gyau po3TallloBaHi y TUIIOBUX Ta-
pstunx Toukax: Glu622 B ek3oHi 14 (3 Bunagku), Lys700
B ek30Hi 15 (3 Bumanku), Gly742 B ek3oHi 16 (7 BuU-
naakiB). TakuM YyrMHOM, HaMOLIbII YaCTOIO MYyTALIi€1O0 Te-
Ha SF3B1 6yna p.Gly742Asp (7 3 22 Bunazkis, 31,8 %).
st 3amiHa Oyna Opyroro 3a 4acTOTOIO MYyTalli€lo reHa
SF3B1 B nocnimxkeHHi Quesada et al. [22]. IT’aTb BusiBie-
HUX y Hawiit koropti XJIJI myTtauiii rena SF3B1 paHiie
He OXapaKTepM30BaHi, BKIIOYAIOUM [EJICeIlii0 JIeB’SITH
nap HyKJIeoTumiB ¢.2352-2360del9 B ginsiHII, 1110 KOAYE
KOIOH 784 16-10 €K30HY, X04a ITPO ABAa BUITAAKU AeJIELii
TPbOX HYKJICOTUIIB Y TOMY X JIOKYycCi y xBopux Ha XJIJI
nosigzomirstiiocs padimre (COSMIC database).

OnnoyacHa npucyTHicTh MyTamiii reniB 7P53, SF3B1 ta
NOTCH]I. Myrauii rena NOTCH [ 6ynu Maiike B3aEMO-
BUKJIIOUHMMM 3 MyTauismMu reHiB TP53 ta SF3BI1. B
KOHTPOJIbHIN IpyIi XBOPUX Y OJHOTO TalieHTa 0y10 BU-
SIBJIGHO OlHOYacHO MyTalii reHiB NOTCHI i TP53, a 'y
JnBox xBopux — reHiB NOTCH I ta SF3B1.

Myrauii reHiB SF3B1 i TP53 6ynu B3aEMHO BUKJIIOY-
HUMM Y KOHTPOJBHIN Tpymi (JiMimie B omgHOTO 3 15
nmauieHTiB 3 TP53 MyTaLisiMy TaKOX OyJia TPUCYTHS MY-
tauisg reHa SF3BI). BonHoyac B OCHOBHIll rpymi y 4o-
TUpbOX 3 10 mamieHTiB 3 MyTalisMu 7'P53 Oyau BUSIBJICHI
TakoX i mytatii rena SF3B1 (p = 0,001 rpu mopiBHSAHHI
OCHOBHOI Ta KOHTPOJIbHOI I'PYII).

Posnoagin myraniii 7P53, SF3B1 ta NOTCHI y oc-
HOBHIii Ipyni B 3aJIe3KHOCTI BiJ pajianiiiHOro aHamuesy
xBopux. He BuUABIEHO BiAMIHHOCTEH Yy YacToOTax
JOCHTiIXEeHNX TeHEeTUYHHUX ypaxkeHb 3ajiexkHo Bim IB
aHaMHe3y onpoMiHeHux xBopux Ha XJIJI, 3a BUHSITKOM
OinpIIOi YacToTM MyTauiil reHa SF3BI Ta omHOYaCHOI
MMPUCYTHOCTI MyTauiit reHiB 7P53 1 SF3BI cepen YIIHA
1986 poky (sIKi oTpuMaIu HaOIbII 103U ONTPOMiHEH-
HST) i eBakyiioBaHUX (TaOu. 3). OnuH 3 IBOX XBOPUX HA
XJIJI 3 BUSBAEHOIO iAeHTUYHOW MyTauiero TP53
(p.Pro222Leu) oy YJIHA 1986 poky, iHiuii — eBa-

base pair deletion c.7444delC [37], in another —
single base pair insertion ¢.7570_7571insC, which
was not previously reported. Both mutations causes
shift in reading frame and, based on their localiza-
tion along the NOTCHI1 protein, are predicted to
result in NOTCH1 -impared degradation through
the truncation of regulatory PEST domain.

Almost all identified SF3BI mutations (22/23,
95.7 %) were heterozygous missense substitutions
and only one in-frame deletion ¢.2352-2360del9
was detected. No patient had more than one muta-
tion. Seventeen of twenty-two detected mutations
(77.3 %) were previously reported [22, 23, 35-38]
and most of them (13 of 17, 76.5 %) were located
in typical hot spots: Glu622 in exon 14 (3 cases),
Lys700 in exon 15 (3 cases), Gly742 in exon 16 (7
cases). Thus, the most common SF3B/ mutation
was p.Gly742Asp (7 of 22 cases, 31.8 %). This
alteration was the second most frequent SF3B/
mutation in the study by Quesada et al. [22]. Five
of detected in our CLL cohort SF3BI mutations
were not previously reported, including nine base
pair deletion ¢.2352-2360del9 which targeted
codon 784 in exon 16, though two cases with three
base pair deletion in the same locus was reported
earlier in CLL (COSMIC database).

Mutual representation of 7TP53, SF3BI1 and
NOTCHI1 mutations. Mutations in the NOTCHI
gene were almost mutually exclusive with mutations
in the TP53 gene as well as SF3B1 mutations. Only
single case harbored mutations in both NOTCH1
and 7TP53 genes and two cases — in NOTCH and
SF3B1 gene (control CLL group patients).

SF3BI1 and TP53 mutations were mutually
exclusive in the control group (only one of 15
patients with 7P53 mutations had also mutation in
SF3BI1 gene), while in four of 10 of IR-exposed
patients with 7P53 mutations were detected
SF3BI mutations (p = 0.001 in comparison of the
main and the control group).

Distribution of 7P53, SF3B1 and NOTCH1 muta-
tions in the main group depending on radiation
anamnesis. Analysis did not reveal differences in
frequencies of studied genetic lesions depend on
IR anamnesis of irradiated CLL patients, except of
prevalence of SF3BI mutations and co-existence
of TP53 and SF3BI mutations among clean-up
workers of 1986 (exposed to the highest irradiation
doses) and evacuees (Table 3). One of two CLL
patients with identical TP53 substitution
(p.Pro222Leu) was the clean-up worker of 1986,
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Ta6nuusa 3

Yactotra mytauin reHiB TP53, NOTCH1 i SF3B1 y o6cTexxeHMX Naui€HTiB OCHOBHOI rpynu 3anexHo Bij
papiauiiHoro aHamHesy

Table 3

Association of molecular lesions in CLL patients with IR anamnesis

CepepHs po3a TP53 NOTCH1 SF3B1 SF3B1 + TP53
Fpynu nauientiB onpomiHeHHs, c3B MmyTauii, n (%) MmyTauii, n (%) MmyTauii, n (%) myTauii, n (%)
Group Mean dose, cSv TP53 NOTCH1 SF3B1 SF3B1 + TP53
mutations, n (%)  mutations, n (%)  mutations, n (%)  mutations, n (%)
YNHA / clean-up workers 7383(8,4) 6382(7,3) 7374(9,5) 3374 (4,1)
1986 p. / year 31,76 £ 7,23 (n = 22) 6371(8,5) 5370(7,1) 7362 (11,3) 3362 (4,9)
1987-1989 pp. /years 5,34+ 0,51 (n=7) 1312(8,3) 1312(8,3) 0312 0312
MeLukaHuj pagioakTyBHO 1,13£0,26 (n=9) 1316 (6,3) 1316 (6,3) 0310 0310
3abpyHEHUX TepUTOpiii
Contaminated area
EBakyioBaHi / evacuees 476 £0,35(n=4) 337(42)9) 037 236(33,3) 136(16,6)

KyiloBaHUI 13 3a0pydHEHOI paaioOHyKJlijamMu Miclie-

BOCTI.

Acomianis MyTamjii Ta ocodmBocTeii B-KiiTnHHUX penen-
topiB (BCR). Myratiiinuii ctatyc reriB IGHV OyB owiHe-
Huii y 104 maiieHTiB OCHOBHOI Tpymu Ta 125 maiiieHTiB
KOHTPOJILHOI rpynu (1adi. 4). Y 000X J0CTiIKeHUX rpymnax
myTalii reHa NOTCH [ 6y BUsIBIICH] TTepeBaXKHO Y BUTIAI-
Kkax 3 UM IGHV renamu. Xoua myTartii reHa 7P53 y KOHT-
POJIBHI IpyTIi Ha piBHI TeHAEHIIiT OiJIBIIT YaCTO BUSBISIIIMCH
y Bunajgkax 3 UM IGHV renamu (p = 0,178), B OCHOBHilt

Ta6nuusa 4

another one — evacuee from radionuclide contam-
inated area.

Association of mutations and B-cell receptor
(BCR) features. Mutational status of /GHV genes
was assessed in 104 patients of the main group and
125 patients of the control group (Table 4). In both
studied groups, NOTCHI mutations were found
mostly in UM IGHV cases. While TP53 mutations
in the control group had tendency to be clustered
in UM IGHYV cases (p = 0.178), in the main group

YacroTa myTauii reHis TP53, NOTCH1 i SF3B1 y o6cTexxeHUx nayieHTiB 3anexHo Big MyTauitHoro crarycy IGHV

redis i crepeotunii BCR
Table 4

Distribution of molecular lesions among CLL patients with M or UM IGHV genes and stereotyped or

unstereotyped BCR

Mokasuuku / parameters UM IGHV, n (%) M IGHV, n (%) p
TP53 myrauii / TP53 mutations 203153 (13,1) 6372(8,3) 0,305
OCHoBHa rpyna / the main group 8368 (11,8) 4336 (11,1) 0,921
KOHTpOnbHA rpyna / the control group 12385 (14,1) 2336 (5,6) 0,178
NOTCH1 mytauii / NOTCH1 mutations 303156 (19,2) 1372(1,4) 0,001
OCHoBHa rpyna / the main group 7367 (10,4) 0336 0,045
KOHTpOAbHA rpyna / the control group 23389 (25,8) 1336(2,8) 0,003
SF3B1 myrauii / SF3B1 mutations 173139 (12,2) 5366 (7,6) 0,314
OCHOBHa rpyna / the main group 7358 (12,1) 2330(6,7) 0,428
KOHTpOAbHA rpyna / the control group 10381 (12,3) 3336(8,3) 0,524
CrepeoTunHi BUNagkn leTeporeHHi Bunagkn p
TP53 myTauii / TP53 mutations 1231 126 (9,5) 8399(8,1) 0,706
ocHosHa rpyna / the main group 4350 (8,0) 3345 (6,7) 0,475
KoHTponbHa rpyna / the control group 8376 (10,5) 5354(9,3) 0,819
NOTCH1 mytauii / NOTCH1 mutations 243127 (18,8) 73100 (7,0) 0,009
OCHoBHa rpyna / the main group 5349(10,2) 2354 (3,7) 0,191
KOHTpOMbHA rpyna / the control group 19378 (24,4) 5346 (10,6) 0,066
SF3B1 myrauii / SF3B1 mutations 163 114 (14,0) 5390 (5,6) 0,048
OCHoBHa rpyna / the main group 5342 (11,9) 4346 (8,7) 0,620
KoHTponbHa rpyna / the control group 11372 (15,3) 1344(2,3) 0,026
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TpyIIi po3nofAina myTaliii reHa TP53 cepen xsopux 3 UM Ta
M IGHV renamu He BiapizHsises (p = 0,921). CrepeoTurtis
B-xmmituaaux petreniropiB (BCR) He BrmmBasa Ha po3mmomin
mytauiii TP53 (dactora mytauiii 7P53 ctanoswia 13,5 % y
Bunazakax 3i crepeotunHumMy BCR Ta 8,3 % y Bunagkax 3
rereporeHHUMU BCR; p = 0,305). Cepen xBopux Ha XJIJI 3
myTauismu teHiB NOTCHI Tta SF3BI Oyna 30inmbiieHa
KiZbKicTh BUMaaKiB 3i ctepeotuniHuMu BCR (mis1 myTartiit
reda NOTCH: 18,8 % y ctepeoturiHux Bumankax i 7,0 % —
y rereporeHHMX Bunaakax, p = 0,009; nag Myrauiii reHa
SF3BI1 — 14,0 % i 5,6 % BinnosigHo; p = 0,048), ane He
OyJ10 3HalIeHO acolliallii 3 IEBHUMM KJIaCTEpaMU CTepe-
OTUMHMX peuenTtopiB. Ciif 3a3HaAYUTH, 11O KiacTep #8
(IGHV4-39/HD6- 13/HJ5), acotiilioBaHui 3 MyTallisSIMU Te-
Ha NOTCH] 3a nanumu Rossi et al. [40], OyB BigCyTHIM B
Haliit Koropri, xoua yactora reHa IGHV4-39 He Bigpi3HsI-
JIach BiJl iHIIIMX onrcaHuX KoropT xBopux Ha XJIJT [41].
B 000x BuMaakax B Hallliii KOTOPTi, 1110 HaJIeXKaJIM A0 KJ1ac-
Tepa #2, Oyau BUSBICHI MyTallii reHa SF3BI, mo y3roa-
KyeTbes 3 naHuMu Rossi et al. [40]. Ha BigmiHy Big 1boro,
Jiie B omHoMy 3 mectu (16,6 %) Bunankis XJ1J1 3 rerepo-
reHHuM BCR, mobymoBaHUM 3 BUKOPUCTAHHSIM TIeHa
IGHV3-21, 6ynu BusBiIeHi MyTarii reHa SF3B1.

IIpornocTuyna 3HauymicTh myTamniii renis 7P53, SF3B1
ta NOTCH]1. I1pu npoBeaeHHi yHiBapiaHTHOro Cox per-
peciiiHoro aHaji3y BIUIMBY OKpeMHuX (aKTopiB Ha 3a-
rajbHe BVDKMBAHHSI MALliEHTIB IMOKA3HMK CIiBBiIHO-
meHHs pusukiB (HR) pis HasiBHOCTI MyTatiiii reHa TP53
craHoBuB 1,896 (95 % 1 1,177—3,054; p = 0,009); HR,
MOB'sI3aHMI 3 HasBHICTIO MyTawiii reHa NOTCH]I, cra-
HoBUB 1,646 (95% 11 1,014—2,682; p = 0,044), a HR,
acoliioBanuii 3 myrauismu SF3B1, cknas 2,341 (95%
Al 1,376—3,983, p = 0,002). Jo MyJbsTMBapiaHTHOIO
perpeciiiHoro aHajisy OyJM BKJIIOYEHi TaKi mapamMeTpu,
SK cTamid 3a Binet, Bik mamieHTiB (cTapire abo MOJIOIIIE
65 poKiB), MOYATKOBUI JIEUKOLIMTO3 (Oijble a00 HUXKYE
20 - 10°/m), myTauiiiHuii ctaryc redis /GHV i Bu3HaueHi
reHeTUYHi ypaxxeHHs. [TpucyTHicTb MyTaliiii reHiB TP53
i SF3B1, ane ne myrauiii reHa NOTCH I, BUsSsBUIMCh 3Ha-
yymumu (Tad. 5).

OBI'OBOPEHHA

BuBuennsa myrauiit reniB TP53, NOTCHI ta SF3BIy
xBopux Ha XJIJI, gki 3a3Hanu BruuBY IB y 3B’a3Ky 3
aBapiero Ha YopHoOuiabchkiit AEC, mpoBoauiu B
MOPiBHSIHHI 3 KOHTPOJILHOIO rpyror xBopux Ha XJLJI,
noaiOHMX 3a BiKOM, CTali€l0 3aXBOPIOBAHHS, MY-
tauiiHuM cratycom IGHV, CD38-mo3uTuBHICTIO i
KJIiHiYHOIO (ha3010 3aXBOPIOBAaHHS B MOMEHT MOJIEKY-
JisipHoro pociaimkeHHs. Ciig 3a3HayMTH, 10O OII-
pomiHeHi xBopi Ha XJIJI Oyau nepeBakHO 4Y0JI0BiKaMU

the distribution of 7TP53 mutations among UM
and M IGHYV cases did not differ (p = 0.921).
Stereotypy of B-cell receptor (BCR) did not affect
the distribution of 7P53 mutations (frequency of
TP53 mutations was 13.5 % in stereotyped cases
and 8.3 % in unstereotyped cases; p = 0.305).
Among CLL patients with NOTCHI and SF3BI1
mutations the number of cases with stereotyped
BCR was increased (for NOTCH I mutations: 18.8 %
in stereotyped cases and 7.0 % in unstereotyped
cases, p = 0.009; for SF3B1 mutations: 14.0 % and
5.6 %, correspondingly, p = 0.048), but no associa-
tion with specific subsets was found. It is necessary
to note that subset #8 (IGHV4-39/HD6-13/HJY5)
associated with NOTCH 1 mutations according to
Rossi et al. [40], was absent in our cohort,
although the usage of IGHV4-39 did not differ
from that of the other series [41]. Both two cases
from our cohort belonging to subset #2 had SF3B1
mutations that is in agreement with data of Rossi et
al. [40]. In contrast, SF3B1 mutations were found
only in one of 6 cases (16.6 %) of IGHV3-21-CLL
with heterogeneous BCR.

Prognostic relevance of 7P53, SF3B1 and
NOTCHT mutations. When conducting a univari-
ate Cox regression analysis of the effects of indi-
vidual factors on overall survival of patients, the
proportional hazard ratio (HR) associated with
TP53 mutations was 1.896 (95 % CI 1.177—-3.054;
p = 0.009), the HR associated with NOTCHI
mutations was 1.646 (95 % CI 1.014—2.682; p =
0.044), and HR associated with SF3BI mutations
was 2.341 (95 % CI 1.376—3.983; p = 0.002). Such
parameters as Binet stage, age of patients (cut-
point at 65 years), initial leukocytosis (cut-point at
20 - 10°/1, mutational status of /GHV genes, and
studied genetic lesions were included in multivari-
ant analysis. The impacts of 7P53 and SF3BI1
mutations, but not NOTCH I mutations, were sig-
nificant (Table 5).

DISCUSSION

The study of TP53, NOTCH1, and SF3BI muta-
tions in CLL patients who have been exposed to
IR due to Chornobyl NPP accident was carried
out in comparison with the control group of
CLL patients similar to age, stage of the disease,
IGHV mutational status, CD38-positivity, and
clinical phases of the disease at the moment of
molecular study. It should be noted, that IR-
exposed CLL patient were mainly men, group
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Ta6éauuya 5

MepiaHa 3aranbHoro BuxxusaHHa (0S) xBopux Ha XJIJ1 3aneXHO Bif HAABHOCTI reHeTUYHMX NOPYLIEHb

Table 5

Median of overall survival in CLL patients depending on different molecular lesions

Mokasuuky / parameters Bci xBopi OcHo_BHa rpyna KonTponbHa rpyna
All cohort Main group Control group
TP53 myToBaHmin / TP53 mutated 57 mic. 69 mic. 45 mic.
TP53 HemyToBaHwWiA / TP53 unmutated 96 mic. 112 mic. 73 mic.
p 0,007 0,005 0,310
NOTCH1 mytoBanuii / NOTCH1 mutated 55 mic. 107 mic. 43 mic.
NOTCH1 HemyToBaHuit / NOTCH1 unmutated 96 wic. 139 wmic. 76 wmic.
p 0,041 0,818 0,042
SF3B1 myToBanuit / SF3B1 mutated 57 Mic. 61 wmic. 45 wmic.
SF3B1 HemyToBaHwii / SF3B1 unmutated 98 mic. 114 wmic. 73 mic.
p 0,001 0,0001 0,134

BiJTHOCHO MOJIOJIOTrO BiKy (MeniaHa 57 poKiB), 3 HEMYTO-
BaHuUM cratycoM IGHV reHiB (65,4% BuIagkis) B Jeii-
KEeMIYHMX KJIiTMHax. BiabllicTh Mali€eHTIB 0OCTEXeHa
nepes MoYyaTkoM Teparii MepIioi JiHii.

VY 000x gocligkeHUX Tpymnax 4acTOTHM MyTaliil TeHiB
TP53ta SF3BI 0ynu nogiOHUMM i CITiBNajaau 3 JaHUMU
iHIMxX Kkoropt xBopux Ha XJIJI [16, 35, 36]. YacTtora 1imx
MyTalliii 30iblIyBajlach cepell Malli€HTIB, IKi MOTpedy-
BaJIM TIOYATKOBOTO JIiKyBaHHSI, a00 3HAXOAUJIUCH y pe-
LUAVBI 3aXBOPIOBAaHHS MOPiBHSIHO 3 BIEPIIE TiaTHOCTO-
BaHMMMU MalliEHTaAMU, SIKi He TTOTpeOyBaJiu JiKyBaHHS. Y
TOM Xe yac AesKi crierudiuyHi oco0auBOCTI OyaM 3Hal-
neHi cepen xBopux Ha XJIJI, s1ki 3a3Hanu BruiuBy 1B.

Ilepin 3a Bce, y nBox mauieHTiB 3 XJIJI, sIKi 3a3Hanu
BBy 1B (1,88 %), Oyna BusiBiicHa piIKicHA iIeHTUYHA
Myrtauis reHa TP53 — 3amiteHHs ¢.665C>T, 110 rpu3Bo-
Juia A0 3MiHM MPOJiHY Ha JeHMUMH B KOJOHI 222
(Pro222Leu) y aMiHOKMCJIOTHiil MOC/iIOBHOCTI Ta MOpYy-
IIeHHS aKTUBHOCTI Oinka p53. Tinbkuy BiciM BUMAIKIiB Ta-
KOTI'0 YpaxkK€HHSI, 1110 OYJIM PO3LIiHEH] SIK COMaTUYHi MyTallii
B MYXIMHHMX KJITWMHAX TALIE€HTIB 3 pi3HUMU (popMaMu
COJIITHUX HOBOYTBOPEHb, IpeacTaBieHi B TP53 my-
tamiiHini 6a3i manmx IARC (Bepcisg R17, xsitensb 2015 p.).
Kpim Toro, ornvcano oauH BUITaA0K 3amillieHHs ¢.665C>T,
OLIIHEHMI SIK TepMiHATMBHA MyTallisl y Malli€eHTa 3 CUHIPO-
moMm Li-Fraumeni (LFS, pinkicHuii ycnaakoBaHWM CUH-
POM MHOXMHHOI CXMJIBHOCTI IO PaKy, TIOB’sI3aHWI 3 TeTe-
PO3UTOTHUMM MyTawisiMu B reHi TP53). C.665C>T 3amina
OyJia ineHTH(iKOBaHA TAKOX SIK TyXe PiIKiCHUI OMHOHYK-
JneotuaHuin nojiMopdizm (rs146340390) B reHOMHOMY
npoekti ESP6500 [42]: nBoe 3 4300 npakTUYHO 300POBUX
ocio (0,05 %), oOcTexkeHUX y €BpPOMNEHCHKO-aMepu-
KaHCBKIill TOMyJIsLii, Oy HOCISIMU T€TEPO3UTOTHOI MY-
tauii ¢.665C>T. OcKinbKK B OIHOIO 3 JBOX CIIOCTEPEXKY-
BaHuX HaMmu xBopux Ha XJIJI 3 ¢.665C>T Oyna BUsIBIeHa
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characterized quite young age (median 57),
mainly unmutated IGHV gene status (65.4 %
cases). The most of patients were observed
before first line therapy.

In both studied groups, the frequencies of TP53
and SF3BI mutations were similar and comparable
with data from other CLL cohorts [16, 35, 36].
The incidence of these mutations increased in
patients requiring first treatment and relapsed ones
comparing with new diagnosed patients who did
not required treatment. At the same time, some
specific features were found among IR-exposed
CLL patients.

First of all, two of IR-exposed CLL patients
(1.88 %) had rare identical mutation of 7P53 gene —
¢.665C>T substitution that led to change proline
for leucine at codon 222 (Pro222Leu) and
impaired p53 protein activity. Eight cases of such a
lesion evaluated as somatic mutation in tumor
cells of patients with different types of solid can-
cers are represented in IARC T7TP53 Mutation
Database (version R17, accessed April, 2015).
Beside this, one case of ¢.665C>T substitution is
presented evaluated as germline mutation in
patient with Li-Fraumeni syndrome (LFS, rare
inherited multiple cancer predisposition syn-
drome, associated with heterozygous mutations in
the TP53 gene). ¢.665C>T substitution was identi-
fied also as very rare SNP (rs146340390) in
ESP6500 Genome Project [42]: two of 4300
(0.05 %) genotypes analyzed in European
American population were carriers of heterozy-
gous ¢.665C>T mutation. Since in one of two
observed CLL patients with ¢.665C>T the same
mutation was revealed in DNA from the buccal
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Taka X mytauigd B JJHK OykanbHoro emiresito, MoxHa
MOPUITYCTUTH, 1O LE 3aMillleHHsI € PiAKiCHUM IOJIiMOp-
¢izmoM reHa TP53, akuii B 1INX BUTIAAKaX MOXKE BILINBA-
™™ Ha po3BuToK XJIJI mig miero IB.

3rigHO 3 TEOPETUYHUM OOIPYHTYBAHHSIM, OCOOM 3 My-
TalisgMu reHa 7TP53 xapakTepu3yloThbCs MiABUILIEHOIO YyT-
JmBicTIO 10 aii 1B i 30iIblIEHHSIM PU3UKY PO3BUTKY MyX-
JuH. o nymMKy MiaTBepIKYIOTh JaHi IIOJ0 PO3BUTKY
panialiifHO-iHIyKOBaHUX BTOPMHHUX OHKOJIOTIYHUX 3aX-
BOpIOBaHb y XxBopux Ha LFS, xoua BoHU I gyke oOMeKeHi
BHACJIIOK PiIKiCHOCTI CUHIPOMY, & TAKOX IIEBHi pe3yJibra-
TH, OTpUMaHi in vitro. Tak, mani Li i Fraumeni [43], Tak ca-
MO $IK i iHIIMX DOCITITHUKIB [44-46], cBimUaTh Mpo OLTBIIT
BUCOKUIA pU3MK PO3BUTKY padiallifHO-iHAYKOBAaHUX BUIiB
paky cepen xsopux Ha LFS. Pesynsratm okpemMnx po0Oit
CBiTUaTh IIPO MOSIBY METaXPOMHUX IMyXJIMH B OIPOMiHEHUX
JiISTHKAX Y OHKOJIOTIYHMX XBOPHMX 3 HAsSIBHICTIO TepMiHa-
TUBHUX Mytauliii TP53 [47, 48]. Boyle et al. [49] crnoc-
Tepiranau, 1o ITcas OoNpoMiHeHHs nediunTHux 3a TP53
¢ibpobnacriB, oTpuMaHux Big xBopux Ha LFS, momkon-
keHHs1 JIHK Oynu 6inbin BUpa3HUMU, HixX Y ¢idpobiacTax
oci6 3 HeMyToBaHMM reHoM TP53. € naHi nNpo MpUrHiyeH-
HSI alonTo3y ONpOMiHEeHNX (PiOpoOIIacTiB y XBOPOro Ha
LFS y nmopiBHsSIHHI 3 KOHTpoJIbHUMM (hidpodaacTamu [50].
B nitepatypi BincyTHi AaHi 1010 po3BuTKy XJIJI y xBopux
Ha LFS, gkuM oTpumyBaiy IPOMEHEBY Tepariilo, TOMY
Halli AaHi MOXYTb BHOEpIle CBIOYUTU PO MOKIUBY
B3aEMO/Ii10 BPOMKEHOI pagiouyTIMBOCTI, CIIPUUMHEHOI My-
Tauieto (rmosiMopdizMoM) reHa TP53 (IKuii oOyMOBITIOE
TEHETUYHY CXWJIBHICTb JO PO3BUTKY KiJbKOX (hOpPM 3710-
SKICHUX TTyXJIMH), OIIPOMiHeHHS Ta po3BUTKOM XJLJI.

Myratii reHa 7P53 y onpoMiHeHUX MAIliEHTIB 3 HAIIOi
KOropTW OYyJIM BMSIBJIEHI 3 PiBHOIO YacTOTOIO cepel BU-
nazakiB 3 myroBanumu (11,1 %) ta nemyroBanumu (11,8 %)
IGHYV renamMn, Tofi SIK TEHACHIIIS 0 TTOITMPEHOCTI MyTalliit
reHa TP53y HeMyTOBaHUX y MOPiBHSIHHI 3 MyTOBAaHUMU BU-
nankamu IGHV Oyna BusIBIeHa B KOHTPOJBHIW Ipyrmi
(BimmoBimHo 14,1 % 15,6 %; p = 0,178). OcTaHHe criocTepe-
JKEHHSI Y3TOKYEThCS 3 TaHUMU iHIITX aBTOPiB [24, 27]. Ta-
KM YMHOM, MyTallii 7P53 y orpoMiHEeHUX Mali€HTIB OyIn
BUSIBJIEHI TakoX y BUNaakax 3 M IGHV reHamu, 1110 € HETH-
MOBUM JIJ151 XBOPHX, SIKi HE 3a3Ha/IM BIUIMBY IB.

BzaemMHa BUHSITKOBICTb MK MPUCYTHICTIO MyTallili TeHiB
SF3B1 i TP53, npo sKy TioBigmomJsiiocs padiiie [24],
crioctepirayiacsd juie y xsopux Ha XJIJI KOHTpombHOI
rpynu. HaBriaku, B OCHOBHIl rpymi myTaiii reHa SF3B1
TTOETHYBATICS 3 MyTaLlisiMy reHa 7P53 maiifke y TTOJI0BUHI
BUsIBJIeHMX BumankiB (dotupu 3 10, 40,0 %; p = 0,001).
Paninie Bucoka yacTtoTa OMHOYACHOI MPUCYTHOCTI My-
tauii rediB TP531 SF3B1 (24 %) cnioctepiranacs Dreger et
al. [51] y xminianomMy nocrimkernHi CLL3X B rpymi xBopnx

mucosa, it is very likely, from our point of view,
that this substitution may represent a rare SNP in
TP53 gene, which in these cases could influence
CLL development under IR exposure.

According to theoretic rationale, persons with
mutant 7P53 are considered to have increased
sensitivity to IR and thus cancerogenesis. The
data on radiation-induced secondary cancers in
LFS patients, albeit very limited because of syn-
drome rarity, and certain in vitro findings sup-
port this opinion. Thus, Li and Fraumeni [43],
as well as others [44-46], have reported a higher
risk of developing of radiation-induced cancers
among LFS patients. Some case-reports point
to the appearance of metachronous cancers in
radiation-treated areas in cancer patients with
TP53 germline mutations [47, 48]. Boyle et al.
[49] observed that after irradiation 7P53-defi-
cient fibroblasts derived from LFS patients
accumulated DNA damage more significantly
than fibroblasts from wild-type TP53 persons.
Reduced apoptosis in irradiated fibroblasts
from LFS patient compared with fibroblasts
from controls was also reported [50]. To our
knowledge, no secondary CLL cases were
reported in radiation-treated LFS patients, thus
our data may suggest for the first time a possible
interaction between inherited IR sensitivity
caused by mutation in TP53 (genetic suscepti-
bility to multiple cancers ), radiation and CLL
development.

TP53 mutations in IR-exposed patients from our
cohort were seen with equal frequency among M
(11.1 %) and UM (11.8 %) IGHV cases, while the
tendency to prevalence of 7P53 mutations in UM
compared with M IGHV cases was found in the
control group (14.1 % and 5.6 %, corresponding-
ly; p = 0.178). The last observation was in agree-
ment with data of others authors [24, 27]. Thus,
TP53 mutations in IR-exposed patients were
found also in cases that are atypical for IR non-
exposed patients.

Reported mutual exclusivity between SF3B1 and
TP53 lesions [24] was observed only in CLL
patients of the control group. On the contrary, in
IR-exposed group SF3B1 mutations were com-
bined with mutations in 7P53 almost in half of
detected cases (four of 10, 40.0 %; p = 0.001).
Earlier a high frequency of 7P53 mutations among
cases with mutated SF3B1 (24 %) was observed by
Dreger et al. [51] in the group of poor-risk CLL
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BucoKoro pusnky XJIJI, ki moTpedyBaiv TpaHCIIaHTALlil
AJUTOTeHHUX TeMOITOETUIHUX CTOBOYPOBUX KITITHH.

Haii6inbi oyeBUIHOK BigMiHHICTIO XBopux Ha XJIJI,
gKi 3a3Hanu BIUIMBY IB, B Hamomy pociimkeHHi Oyma
HM3bKa yacToTa MyTauiil rena NOTCH 1. Ix yactora maiixke
y JBa pa3y OyJia 3HVKEHA MOPiBHSIHO 3 KOHTPOJIBHOIO IPy-
noro (p =0,012) i BoHu Oym HaltMEHIIT YaCTUMH 3 BUSIBIIE-
HUX TeHETUYHMX 3MiH, TOMi IK Y KOHTPOJIbHIl Ipyrli, HaB-
naku, — Haioinbin yactuMu. Ten NOTCH ] xoaye TpaHC-
MeMOpaHHMI 610K Kiacy I, skuii (pyHKIIIOHYE SIK JliraHa-
AKTMBOBAHWI TpaHCKpUNUiMHMUI (akTop. CHUTHAIBHUIA
X, ornocepenkoBanuiit NOTCH 1, € Hag3BUYaitHO BaxX-
JIUBUM JUISI BU3HAYEHHS JOJi KJITUHU Ta (hOpMyBaHHS
Pi3HUX THUIMIB KJTUH i TKAHUH il Yyac eMOpiOHaJIbHOIO
po3BUTKY [52]. AkTuBYytoui Mytaii reHa NOTCH I mpu3Bo-
Ia1h no aeperyisauii curHanis NOTCH1 i mogynsiii TpaH-
CKPMIILIT JEeKiTbKOX TeHiB-MillleHel, Bkmovyaoun MYC.
Bysio BUCTOBIEHO MPUITYIIEHHS, 1110 aKTUBALLis OHKOTeH-
Horo MYC Moxe OyTr OMHUM 3 TOJIOBHMX IIJISIXiB CUTHAJTb-
HOI TpaHCAYKIIil ITpu JielikemoreHesi [53].

[HIIMM DOTEHLITHMM MeXaHI3MOM OHKOT€HHOI il
NOTCHI1 BBaxaeTbcs cympecid pS3-onocepenkoBaHOL
akTUBHOCTI [54, 55]. Beverly et al. [54], BukopuctoBytoun
TpaHCIeHHY MulIady moneab st po3BUTKy NOTCHI-
iHmykoBaHoi T-KJTMHHOI JiM(pPOMH, TTOKazaau, IO
NOTCHI1 mnpurHiuye p53-ornocepeakoBaHUI aroITo3,
BIUIMBAIOYM Ha CTa0iMbHICTH Oinka pS53. 3HMKEHHS
ekcrnpecii reHa NOTCH nipyu3BOAWIO [0 Pi3KOTo 30iJb-
ILIEHHST KOHLEHTpallil Oiika p53, 1110 3yMOBIIOBAJIO per-
peciio MyxJIMHY BHACTIZOK PO3BUTKY anonTosy. BogHouac
aBTOPU TIPOIEMOHCTPYBAJIN, IO P53 MOXe OyTH aKTHUBO-
BaHUU Micast 0OpOOKKM Y-OMPOMiHEHHSIM a00 HYTJIIHOM
(HM3BKOMOJIEKYJIIPHUI HETeHOTOKCUYHMIA aKTUBATOP
p53), WO CBiAYMTHL MPO HEYIIKOMXKEHICTh LUISIXYy p53.
BinnosinHo 1o 1poro, Athanasakis et al. [56] mokazanu,
1110 00po0OKa MEPBUHHUX JEHKEMIUHUX KJIITUH XBOPUX Ha
XJII HyT/1iHOM-3 BUKJIMKaJIa TPAHCKPUIILIiIO TeHiB-Millle-
Helt p53 6e3 cyrreBux BigMiHHOCTel Mixk NOTCH I-myTo-
BaHMMM Ta HEMYTOBaHMMU BUMAIKAMU, 1110 CBITYUTH IIPO
MOBHE 30epekKeHHS TPAaHCKPUIILIIHHOTO LIIIXY p53 mpu
NOTCH I-mytantHoMy XJIJI. Te Raa et al. [27] Takox
CIOCTepirajii He3MiHEHY IHIYKIIiI0 TeHiB-MillleHel p53 i
anontosy nipu NOTCH1 -myrtantHux Bumagkax XJIJI.
Bonnouac y 3pa3kax 3 HasiBHicTIO MyTalliii reHa SF3BI1y
LIbOMY JTOCTIKeHHi OyJI0 BUSIBIEHO YaCTKOBE MOPYIIEH-
H$1 p53-omocepeaKoBaHO1 TPAHCKPUMLIMHOT aKTUBHOCTI i
arnonTOTUYHUX IPOLIECIB Y BIAMOBiAb HA MOLIKOIKEHHS
JAHK pizHuMM pakropaMu, BKIIOYAIOUN OIPOMiHEHHS.

TakuM 9YMHOM, OUTBIIICTh MYyTalliii, BUSIBIEHUX Y TPYITi
xBopux Ha XJIJI, sxi 3a3Hanu aii 1B, acoliooTbes 3 Iuc-
dyHKieo p53 (TepeBaXkHO 3YCTPIYArOTLCS MyTallil TeHiB

patients who need allogeneic hematopoietic stem
cell transplantation in CLL3X trial.

The most apparent difference of the IR-exposed
CLL group in our study was the low incidence of
NOTCH I mutations. They were found more than
two times less than in control group (p = 0.012)
and were the least frequent of the studied alte-
rations, while being the most frequent in the con-
trol group. NOTCH gene encodes a class I trans-
membrane protein which functions as a ligand-
activated transcription factor. The NOTCH sig-
naling pathway is critically important for cell fate
specification and tissue patterning in different cell
and tissue types during development [52].
Activating NOTCH I mutations result in deregula-
tion of NOTCHI1 signaling and in modulation of
transcription of several target genes, including
MYC. It was suggested that activation of oncogenic
MYC may be one of the main pathway of leukemic
transformation [53].

Another potential mechanism of oncogenic
NOTCHI1 action is considered to be the suppres-
sion of the p53-mediated activity [54, 55].
Beverly et al. [54], using transgenic mouse model
for NOTCHI1-induced T-cell Ilymphoma,
showed, that NOTCHI1 down-regulate p53-
mediated apoptosis through p53 protein stability.
Attenuation of NOTCH I expression resulted in a
dramatic increase in p53 levels that led to tumor
regression by an apoptotic program. Authors
have demonstrated however, that p53 could be
activated following treatment with y-irradiation
or Nutlin (the small molecule non-genotoxic
activator of p53), suggesting that the p53 path-
way was intact. In line with this Athanasakis et al.
[56] showed, that treatment of primary CLL cells
with Nutlin-3 induced the transcription of p53
target genes without significant differences
between NOTCH I mutated and unmutated cases
suggesting, that the p53 transcriptional pathway
was fully preserved in NOTCH I mutated CLL. Te
Raa et al. [27] also observed normal responses in
pS53 target gene induction and apoptosis in
NOTCHI mutated CLL. At the same time,
SF3B1 mutated samples in the study displayed
partially defective p53 transcriptional and apop-
totic responses to DNA-damaging regimens,
including irradiation.

Thus, the most mutations found in the IR-
exposed group are associated with p53 dysfunction
(TP53 and SF3BI mutations vs. NOTCHI muta-
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TP53 i SF3BI npotn HU3bKO1 YacToTu MyTalliit NOTCH]),
1110 BKa3y€e Ha MOXKJIMBY B3aemoio Mix IB Ta po3BUTKOM
XJUJIL. 3 ornsioy Ha BiTHOCHO HEBEJIMKY KiJIbKiCTh 00OCTEXKe-
Hux nauienTiB Ha XJ1J1, ki 3a3Hanu BBy 1B, HeoOxigHi
noJaIblIi JOCTIIKEHHS 17151 3 ICYyBaHHSI LIMX 3B’ SI3KiB.

ITincymoBylour pe3yabTaTU MOPiBHSIBHOIO 00CTe-
>KEHHSI TalieHTiB, XxBopux Ha XJIJI, siki 3a3Hau BILJIMBY
IB, Ta KOHTPOJILHOI TPYIM HEOMPOMiHEHHUX TAlli€EHTIB,
MOXHa 3pOOUTH MPUITYIIEHHS, 1110 aHOMaJtii TeHa TP53
MOXYTb OyTM 3afisHi y po3BuToK XJIJI Ha Ti BOIUBY
paniauiiiHoro orpomiHeHHs. Lle mpuITylIeHHsI I'pyH-
TYEThCSI HA BiAMiHHOCTSIX PO3IOLTY MyTalliii reHa TP53
MiX IpyraMu CIOCTepeXXyBaHUX MAaLli€EHTIB Ta BUSIBICH-
HSIM IBOX iIGHTMYHUX BUMAAKIB 3 PiAKiCHOIO MYTalli€lo
TP53 B ocib, gki 3a3Hanu BrmmBy IB. Lle y3romkyernes 3
JaHUMM IPO Te, 1110 KJIITUHHI peakuii Ha Aito 1B peanizy-
IOThCS MepeBakHO pS3-3ajexkHuM 1usixom [57]. Otpu-
MaHi JaHi oTpeOyIOTh MOJANBIIOIO0 JOCTiIKEeHHSI.

IMongka

PobGora BukoHaHa 3a ¢iHaHcoBoi minTpumku Haitio-
HaJIbHOI aKaaeMii MeAMYHUX HayK YKpaiHu, Tep>KaBHUMI
peectpauiiinuii Ne HAP 0117U000623.

ABTOpU BMCJIOBIIOIOTH IIMPY BASYHICTH I1. Tomacy
XapMmcy, pe3uieHTy onarofiriHoi opranizanii KIHEV-
Kinderhilfe Kiew e.V. 3a goromory y nmpuadoaHHi pea-
TEHTIB.
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tions) indicating a possible interaction between IR
and CLL development. In consideration of rela-
tively small number of IR-exposed CLL patients
analyzed, further studies on a larger cohort are
necessary to ascertain this relationship.

In summary, comparative investigation of IR-
exposed CLL patients and the control group of
non-IR exposed CLL patients allows us to assume
that TP53 abnormalities could be involved in CLL
development after radiation exposure. This
assumption is based on the differences in distribu-
tion of 7P53 mutations between groups of
observed patients and the finding of two identical
cases with rare TP53 lesion among IR-exposed
persons. It is in accordance with data suggesting
that cellular responses on IR are realized mainly
through the p53-dependent pathway [57]. Of
course, future research is in need.
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