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NOTCHI MYTAIII Y XBOPUX HA XPOHIYHY JIM®OILIUTAPHY
JEMKEMIIO, IKI ITIOCTPAXKIAJIN BHACJIIIOK ABAPIT HA
YOPHOBWJIBCHKIN AEC

MeTa po60TK — BCTAHOBMTH YACTOTY PO3BUTKY MyTaLiil reHa NOTCH1 y XBOPUX Ha XPOHiYHY NiMdoLnTapHy neiikemito
(XJU1), siki 3a3Hanu BNAuBY ioHi3ytoyoro BunpomineHHs (IB) BHacninok aBapii Ha YopHobunbcbkint AEC, ans 3'acyBaH-
HA BipOriAHOro BHECKY B NaToreHes pajiauiitHo-acouiiioBaHux popM 3axBOpIOBaHHA.
MeTtoau. BusHaueHHs myTauin reHa NOTCHT meTof,oM noniMepasHoi NaHLOroBoi peakLii 3 HACTYyNMHUM CeKBEHYBaHHAM
NpoAyKTiB peakwii npoeneHo y 201 paHiw HenikoBaHoro xsoporo Ha XJ1J1 B-kniTMHHOrO noxopXeHHs: 88 onpoMmiHe-
HUX BHAcNifok YopHOOMIbCbKOT KaTacTpodu i 113 nauieHTiB KOHTPOALHOT rpynu.
Pesynbratu. MyTtauii reHa NOTCH1 BusiBneHo y 13,4 % i3 201 06CTeXeHNUX NaLieHTiB, NepeBaXHO cepef XBOPUX 3 He-
MYTOBAHUM CTaTycOM reHiB BapiabenbHUX GiNbHULbL BaXKux naHulorie imyHornobyniHis (IGHV) (p = 0,001). lpynu
00CTeXeHUX XBOPUX HE PO3PI3HANNCH 3@ CTATTIO, BIKOM, CTA/li€l0 3aXBOPIOBAHHSA, MyTalliiHUM cTatycom IGHV renis.
OpHak, B rpyni noctpaxpanux BHacnifok aBapii Ha YAEC 3HaieHa AOCTOBIPHO HMXKYa YacToTa MyTaLiii reHa NOTCHT
(6,8 % npoTu 18,6 %; p = 0,015), HiX y HeonpoMiHeHux xBopux. Kpim Toro, B KOHTPOAbHiN rpyni Kinbkicte NOTCHT
MyTauiii 36inblyBanack y XBOpuX, AKi NOTpebyBanu NoyaTky NikyBaHHsA, NOPIBHAHO 3 XBOPUMMU, 0OCTEXEHUMU NPU
piarHoctuyi 3axsoptoBaHHs (p = 0,012), a B OCHOBHil — 3anuwanacb Ha ofHakoBoMy piBHi (p = 0,317). Mpu
aHani3i KNiHiYHKUX AaHKUX BCiX NALi€HTIB HasBHiCTb MyTaliil NOTCHT 6yna acouiioBaHa 3i CTafli€lo 3aXBOPIOBaHHS,
6iNbl BUCOKUM iHiLiaNbHUM NeiiKOLMTO30M, Biibll KOPOTKMMMK NepiofamMu [o noyaTky Tepanii Ta 6e3peunanBHo-
o BUXWUBAHHA.
BucHoBoK. OTpMaHi pe3ynstati NiaTBEPAUIN HEraTMBHE NPOrHOCTUYHE 3HAYEHHS MyTauii reHa NOTCHT, ofHaK He
BMABMAK X CyTTEBOTO BHeCKY y po3suTok XJUJT B rpyni noctpaxpanux BHacnifok asapii Ha YAEC.
KniouoBi cnoBa: xpoHiyHa nimdountapHa neiikemis, myTauii reHa NOTCHT, ioHi3ylo4e BUMPOMiHIOBAHHS, aBapis Ha
YopHobunbebkiit AEC.

Mpobnemu padiayitinoi meduyuHu ma padiobionozii. 2015. Bun. 20. C. 319-327.
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NOTCH1 mutations in chronic lymphocytic leukemia patients sufferers
of Chornobyl NPP accident

Objective - to estimate the frequency of NOTCH1 mutations in chronic lymphocytic leukemia (CLL) patients, suffer-
ers of Chornobyl NPP accident, for elucidation of their impact in development of radiation-associated forms of dis-
ease.

Methods. NOTCH1 mutations were determined by polymerase chain reaction followed by direct sequencing in 201
previously untreated patients with CLL of B-cell origin: 88 CLL patients, sufferers of the Chornobyl NPP accident, and
113 CLL patients of the control group.

Results. Mutations of NOTCH! were found in 13.4 % of observed patients, mostly in cases with unmutated heavy
chain variable region (IGHV) genes (p = 0.001). Patients of the two groups were comparable by gender, age, stage
at diagnosis, and mutational status of IGHV genes. But, the frequency of NOTCH! mutations in the main group
appeared to be lower in comparison with the control group (6.8 % vs 18.6 %; p = 0.015). Furthermore, if in the con-
trol group the number of NOTCHT mutations increased in patients requiring first treatment compared with patients
at diagnosis (p = 0.012), in the main group such differencies were non-significant (p = 0.317). When clinical data
of all observed groups of patients were analyzed, the presence of NOTCH! mutations was associated with more
advanced stage of disease, higher initial WBC count, bulky disease, short time-to-treatment period and progression-
free survival.

Conclusion. Our data confirmed negative prognostic value of NOTCH1 mutations, but suggested to minimal impact

of NOCTH1 mutations in CLL development under exposure to ionizing radiation.
Key words: chronic lymphocytic leukemia, NOTCHT mutations, ionizing radiation, Chornobyl NPP accident.
Problems of radiation medicine and radiobiology. 2015;20:319-327

BCTYII

CyTTeBe 3HAUYEHHSI B IAaTOT€HE3i XPOHIUYHOI JiM@OoIn-
TapHoi Jerikemii (XJIJI) Ta meskux iHIIAX OHKOTEMATO-
JIOTIYHMX 3aXBOPIOBaHb BiJlirpa€ aKTUBallisl BHYTPIllIHb-
OKJIITUHHOI Iepenadi curHaiy, onocepeakoBaHa Notch
peuentopamu [1]. Pomuna Notch peulentopiB ckia-
JA€ETbCS 3 YOTUPHOX TpPaHCMEMOpaHHUX OUIKIB —
Notchl—4, sgxi MalOTb 30BHIIIHBOKJITUHHUUA IOMEH,
yepe3 SIKMI BigOyBaeThCs 3B’SI3yBaHHS JIiraHIiB, Ta
BHYTPIIIHbOKJIITUHHUIA TOMEH, 1110 OMIOCEPEIKOBYE ITe-
penauy curHany [2]. Jlirangamu Notch peenTopiB Buc-
TynapTb OiTku pomuH Serrate/Jagged ta Delta, 1o
eKCITPeCyIoThCs Ha MeMOpaHax KJITUH MiKpOOTOUEHHS
Ta 6e3mocepenHbO Ha JieiikeMiyHuX KiitnHax XJIJI. I[Tpu
iX B3a€EMO/IiI 3 peLIeNTOPOM BiIOYyBAETHCS MPOTEONITUUHE
pO3LIEIIEHHSI OCTAHHbBOI'O Ta BUBIJIbHEHHSI BHYTPIlLIHb-
OKJIITUHHOI'O IOMEHY 3 HACTyIMHUM MEPEMIIlIEHHSIM 10
sIpa KITITUHU. Y SIpi YTBOPIOETHCS TPAaHCKPUITLIIAHUMN
KOMIUIEKC, IO CKJIANAEThCS 3 BHYTPIITHBOKJIITUHHOTO
momeHy Notch peuernropa, dakTopa TpaHCKPUIIIL
CBF1/RBP-Jk, saxuii aktuBye CBFI1-3anexHi reHu-
MilleHi, BKiIodaroun Myc oHkoreH [3]. BctaHoBieHO,
4yTO JielkeMiuHi KiiTuHu npu XJIJI MaloTh miaBUILEHY
excripecito Notchl i Notch2 penenTopiB, a TakoxX iX

INTRODUCTION

Activated intracellular signaling mediated by the
Notch receptors has been associated with patho-
genesis of chronic lymphocytic leukemia (CLL)
and several others hematologic malignancies [1].
Family of Notch receptors includes four trans-
membrane proteins (Notch 1—4). They have
extracellular part responsible for interaction with
their ligands and intracellular part which con-
tributes to signaling pathways function [2].
Proteins of Serrate/Jagged and Delta families,
that expressed on microenvironmental cells and
CLL leukemic cells, are ligands for the Notch
receptors. When the Notch receptor interacts
with its ligand, the proteolytic cleavages of the
protein with intracellular domain release is initi-
ated and intracellular part of Notch translocates
into the nucleus. Transcription complex, which
contains intracellular part of Notch and tran-
scription factor CBF1/RBP-Jk, modifies the
expression of CBFI1-dependend target genes,
including the Myc oncogen [3]. It was found that
CLL leukemic cells have increased expression of
Notchl and Notch2 receptors as well as their
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niranais Jaggedl i Jagged?2, nmopiBHSIHO 3 HOPMaJTbHUMU
aHaJIoTaMM, IO CBiMYWUTH IIPO KOHCTUTYLIMHY aKTH-
Barito Notch curHanbHOTO IIISXY Ta Oro 3HAaYeHHS B
natorenesi XJIJI [4].

AxtuBytoui mytailii reHa NOTCH I npu XJIJI B-kiituH-
HOTO0 MOXOXKEHHS BIieplie BusiBiaeHi y 2011 p. mpu npoBe-
IeHHI TOBHOIO CEKBEHYBaHHSI I'€HOMY JIEKEMiUHMX
KJITMH JBOMa He3aJIeXKHUMM IpyraMy JOCTiIHMKIB |3, 6].
ITepeBaxxHy OLTBIIICTS MyTallill CKJTAIA€E AETELisl IBOX Map
HykJeoTuniB (c.7544 7545delCT, P2514fs) y PEST
nocigoBHocTi [mpostiH (P), rmyraminosa kuciora (E), ce-
piH (S) ta TpeoniH (T) 30araueHa nocinoBHicThb| C-Tep-
MiHQJIbHOI YaCTMHU BHYTPIIHBOKJIITUHHOTO JOMEHY
Notchl peuenrtopa. 3 Li€l0 MOCHiIOBHICTIO 3B’SI3YEThCS
SEL-10 6inox E3 pomuau yOiKBiTUH-TIpOTEIH-JIira3, 1o €
HEeOoOXiTHOI0 YMOBOIO JIJIs1 HACTYITHOI AeTpaaallii B IpoTeo-
coMax BitbHOI yactTrHu Notchl perientopa, mepemimieHo1
o gapa KIiTUH, Ta npunuHeHHS Notch-iHayKkoBaHOL
TpaHCKPUIILii TeHiB [3, 7]. Takum 4HOM, TTicJTSI aKTUBALIii
Notchl peuenropa 3 HasiBHicTIO MyTauiii B PEST nomeHi,
loro BHYTPIlIHBOKJTITUHHA YaCTUHA, MepeMillieHa Y sIpo,
HaOyBa€ pe3MCTEHTHOCTI 10 YOiKBITMH-OITOCEPEaKOBAHOI
Jerpajgaiii B IpoTeocoMax, a TpaHCPUIILiliHA aKTUBHICTb
3HaAYHO 30inbInyeThesd. Yactora mytauiii rena NOTCH 1
cknagae 8—11 % npu miarHocTuii 3axBoproBaHHs, 10—
15 % cepen xBOpUX Mepe MOYATKOM JIiKyBaHHS i 15—20 %
Ha MOMEHT PO3BUTKY PE3MCTEHTHOCTI 10 XiMioTepartii, Ta,
3a JAaHUMM JeIKUX aBTOPiB, X MPUCYTHICTh acolliiioBaHa
3i CKOPOUYEHHSIM TePMiHY 0e3peLIMINBHOIO Ta 3arajibHOro
BWKMBaHHS MaLieHTiB |5, 6, 8].

META JOCIIJIZKEHHA

3Baxkarouu Ha iCHYBaHHSI MEBHUX JaHUX €IigeMioJIoriv-
HUX JOCJiIKEeHb II0A0 30iLIbILIEHHSI PU3MKY PO3BUTKY
XJIJ1 mig, BruinBoM ioHizytodoro BunpomMineHHst (IB) [9—
12], MeTo10 AOCHiIKEeHHSI OYyJI0 BCTAHOBJEHHS YacTOTHU
po3Butky myrtauiit reHa NOTCHI1 y xBopux Ha XJIJI, ski
3a3Hayv BIuiuBy 1B BHacninok aBapii Ha YopHOOUIbChKIil
AEC, mnga 3’sacyBaHHS MOXIIMBOTO BHECKY B IaTOTEHE3
pamialiitHo-acollifoBaHUX (DOPM 3aXBOPIOBAHHSI.

MATEPIAJI Il METOIUN

Buznauennst mytaniit reHa NOTCHI npoBeneHo y 201
HenikoBaHoro xsoporo Ha XJIJI B-kiiTHHHOTO TMOXOI-
sxxeHHs: 181 yonosika (90,0 %) i 20 xiHok (10,0 %) Bikom
Bin 33 g0 79 pokiB Ha MOMEHT JiarHo3y (cepeiaHiit Bik
(57,98 + 0,67) poky, meniana 58 pokiB). [iarnosz XJLJI
BCTAHOBJIIOBAJIM Ha OCHOBI KJIiHIKO-T€MaTOJOTiYHUX
KpUTEpiiB Ta iMyHO(PEHOTUITYBaHHS JTIM(OLIUTIB MEepu-
¢depuyHOi KpOBi — BUSBIEHHS TUMOBOIO (PEHOTUITY
CD5*CDI19*CD23*CD22"°". Craziro 3aXBOpIOBaHHS BU3-

Jagged1 and Jagged?2 ligands compared with nor-
mal B-cells. It is suggested about constitutive
activation of Notch signaling pathway and its role
in CLL pathogenesis [4].

The activating NOTCHI mutations in B-cell
CLL were first found through the whole-genome
sequencing of leukemic cells by the two inde-
pendent research teams in 2011 [5, 6]. The over-
whelming majority of mutations is commonly
represented by a single 2-bp deletion
(c.7544 7545delCT, P2514fs) in C-terminal
PEST [proline (P), glutamic acid (E), serine (S),
and threonine (T) rich] domain of the Notchl
receptor. SEL-10 protein from the E3 family of
ubiquitin-protein ligases interacts with PEST
domain, directs the activated Notchl towards
proteosomal degradation, and downregulates the
Notchl-induced transcription [3, 7]. So, after
activation of Notchl receptor with available
mutated PEST domain, its intracellular part
upon translocation to a nucleus becomes resist-
ant to ubiquitin-associated degradation and its
transciptional activity increases significantly.
NOTCH1 mutations occur in 8—11 % of the
newly diagnosed CLL cases, 10—15 % at the time
of first treatment initiation and 15—-20 % at a
time of resistance to chemotherapy onset and,
according to data of several authors, are associat-
ed with short progressive-free and overall survival
[5, 6, 8].

OBJECTIVE

Due to presence of some epidemiologic data in
which increased CLL risk under influence of ion-
izing radiation (IR) was found [9—12], the aim of
the paper was to estimate the frequency of
NOTCH1 mutations in CLL patients, sufferers of
Chornobyl NPP accident, for elucidation of their
impact in development of radiation-associated
forms of disease.

MATERIALS AND METHODS

The NOTCHI mutations were studied in 201
untreated CLL patients: 181 males (90.0 %) and
20 females (10.0 %) at the age of 33—79 years
(mean age 57.98 £ 0.67 years, median age 58
years). CLL was diagnosed on the basis of clinical
history, lymphocyte morphology, and immuno-
phenotypic criteria (detection of typical pheno-
type CD5*CD197CD23*CD22'°%). The stage o
the disease was assessed by Binet or Rai classifica-
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Havau 3a kinacudikamismu K. R. Rai i3 cmiBaBsT. Ta J. L.
Binet i3 ciiBaBT. MeniaHa crnocTepeskeHHsI 3a Tali€eHTaMu
cranoBmia 53 Mic (11—329 mic). 3a mepion criocTepexkeH-
HSI, THCIS TIPOBEACHHST MOJIEKYISIPHUX TOCTimKeHb, 144
XBOpUM OyJia Mpu3HavYeHa Tepartis, 94 — nmoMmepiu.

3a ¢akrom BBy IB xBopi Oysu po3noaijieHi Ha ABi
rpynu. OCHOBHY TpyIly CTAHOBWJIM 88 MAIli€HTIB, OIT-
poMiHeHUX BHacHigoKk YopHOOMIBLCHKOI KaTacTpodu.
Cepen Hux 5 eBakyilioBaHuX 3 M. Ilpur’sate, 13 Mer-
KaHIIiB KOHTPOJbOBAHUX TEPUTOPiil, 3a0pyaHEHUX
pamionykiigamu, 70 yJyacHUWKIB JiKBigalii HacJigKiB
aBapii (JIHA) na YAEC, cepen sikux 59 Opajiu y4yacTb B
JIHA B 1986 p., a 11 — B 1987—1989 pp. do3u ompo-
MiHEHHS, 3a JaHUMU OPiLliAHUX JOKYMEHTIB, CTAHOBU-
JIN B cepenHboMy i yyacHuKiB JIHA 1986 p. (39,92 &
8,7) ¢3B (n = 19) i yyacHukiB JIHA 1987—1989 pp. —
(5,06 £ 1,03) ¢3B (n = 6). Hakormuueni go3u (3 1986 po-
Ky A0 aiarHo3y XJIJI) y 6 MelikaHLiB paialiiiHo 3a0-
pyaHeHuX TepuTopiit (cepenns gosa (1,21 £ 0,39) ¢3B)
pPO3paxoBYBaJIMCh 3a MOKA3HMKAMU LIUILHOCTI 3a0pya-
HeHHs '7Cs. AbcopOoBaHi 1031 4 eBaKyWOBaHMUX 3 M.
[Mpur’ate (cepenHs mo3a (4,76 £ 0,35) ¢3B) Oyin peko-
HCTPYHOBaHI 3 ypaxyBaHHSM AaTU Ta MapIIPyTy eBaKy-
allii, JaTy BUI31y i3 3a0pyIHEHUX TEPUTOPili Ta MpUitoMy
npenapariB Homy.

XBopi Ha XJIJI (n = 113), gKki He Manu B aHaMHe3i
BIuMBy 1B, cTaHOBMJIM KOHTpOJbHY rpymy. IlauieHTn
OCHOBHOI Ta KOHTPOJBHOI TPYyIl CHiBMAagalM 3a CTaTTIO,
BiKOM, CTaJli€l0 MPU JiarHOCTHIII 3aXBOPIOBAHHS, KJTi-
HiYHOIO (ha3010 XBOPOOU HA MOMEHT IPOBEACHHS MOJIE-
KYJASIpHUX JIOCHIIXKEeHb Ta MyTalliiHUM CTaTyCOM Bapi-
abeJIbHUX IiIbHULL BaxKKMX JIAHITIOTIB TeHiB iMyHOTJIO-
oyniniB (IGHV) (tabm. 1).

Ienomuny [HK 1151 mpoBeneHHSI MOJIEKYJISIPHUX
JIOCJII’KeHb OTPUMYBAJIM 3 MOHOHYKJIeapiB nepudepruu-
HOI KpoBi 3 BuUKopuctaHHIM Habopy QIAamp Blood Mini
Kit (Qiagen, Benvika bputaHist) 3rimHO 3 iIHCTPYKIIi€IO BU-
pobHuka. Mytauiitnuii cratyc IGHYV reHiB OyB BU3Haue-
HU1 y 87 XBOpUX OCHOBHOI Ta 112 XBOpMX KOHTPOILHOL
TPYIIM 3a JOTIOMOTOIO MOoJiMepa3HOi JJAHLIOrOBOI peakilii
(I'UTP) 3 HacTYIMHUM TIPSIMUM CEKBEHYBaHHSIM, SIK OITMCa-
Ho paniie [13]. OTpuMaHi CikKBeHCH aHasli3yBau 3a J10-
nomororo 60a3 mannx IgBlast ta IMGT. IlocmigmoBHOCTI,
110 MaJIM TOMOJIOTit0 > 98 % 3 BiNMOBiITHUM repMiHATHB-
HuMm IGHYV reHom po3suiHtoBanu sk HemyToBaHi (UM), a
BUIAIKU 3 roMotorielo < 98 % — gk myroBaHi (M).

Myranii rema NOTCHI Bu3Havanum Yy peTioHi
c.7282 7680 34-ro ex3ony NOTCH]I rena, skuii € “ra-
psSIY010” TOUKOIO HAsIBHOCTI TAKMUX MYTallilf, 32 JOTTOMO-
roto ITJIP 3 HacTymHUM ceKBeHyBaHHSIM 3rigHo 3 Fabbri
et al. [5].

tion. Median duration of the follow-up period was
53 months (range 11—329 months). During the
observation after the fulfillment of molecular stud-
ies 144 CLL patients received therapy and 94
patients died.

CLL patients were divided into two groups accord-
ing to IR exposure. The main group consisted of 88
IR-exposed CLL patients (5 evacuees from
Prypiyat, 13 inhabitants of radionuclide-contami-
nated areas, and 70 clean-up workers). Information
about doses of clean-up workers was available from
the State Registry of Chornobyl Catastrophe Suffe-
rers of Ukraine. Among clean-up workers 59 were
clean-up workers of 1986 (estimated doses available
for 19 persons, mean dose 39.92 £ 8.7 cSv), 11 were
clean-up workers of 1987—1989 (estimated doses
available for 6 patients, mean dose 5.06 £ 1.03 cSv).
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 4
evacuees from Prypiyat (mean dose 4.76 £ 0.35 cSv)
were reconstructed taking into account date and
route of evacuation, date of removal from contami-
nated territory, and the administration of iodine.

The control group included 113 CLL patients
with no exposure to ionizing radiation in a his-
tory. Patients of the two groups were compara-
ble by gender, age, disease stage at diagnosis,
clinical phase of disease at the moment of
molecular studies, and mutational status of
heavy chain variable region (IGHV) genes
(Table 1).

Genomic DNA for molecular analysis was
extracted from peripheral blood mononuclear
cells with the QIAamp Blood Mini Kit (Qiagen,
Crawley, United Kingdom) according to the man-
ufacturer’s protocol. The IGHV gene mutational
status was assessed by polymerase chain reaction
(PCR) followed by direct sequencing, as descri-
bed above [13]. Sequences were analyzed using
the IgBlast and IMGT databases. Sequences
with > 98 % homology with the corresponding
germ-line IGHV gene were considered as unmu-
tated (UM), and cases with <98 % homology were
considered to be mutated (M).

NOTCHI mutations were analyzed in the
hotspot ¢.7282 7680 region in exon 34 of
NOTCH 1 gene by PCR amplification followed
by direct sequencing according to Fabbri et
al. [5].
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OTpuMaHi pe3ynbraTi 00poOJISIN 3a TOITOMOTOI0 Me-
TOAIB BapialiiiHoi cratuctuku B mporpami SPSS 16.0
software package (SPSS, CILA).

Ta6nuusa 1

Statistical processing of obtained data was per-
formed using the SPSS 16.0 software package
(SPSS, Chicago, IL).

XapaKTepucTUKa 06CTeKeHNX XBOPUX HA XPOHiuHY nimpouuTapHy neiikemito

Table 1
Baseline clinical characteristics of observed CLL patients

OcHoBHa rpyna KoHTponbHa rpyna

MokasHuku IR d patient Control
Characteristics -exposed patients ontrol group p
n =288 n=113
Bik, poku, megiaHa (poskua) / median age, years (range) 57 (36-76) 58 (33-79) 0,918
Cratb, n ( %) / gender, n ( %) yonogiku / male 79 (89,8) 102 (90,3) 0,908
XiHku / female 9(10,2) 11(9,7)
Crapis 3a Rai npu giarHoctuui, n ( %) / Rai stage at diagnosis, n (%) 0 12 (13,6) 14 (12,4) 0,835
| 33 (37,5) 41 (36,3)
I 35(39,8) 45 (39,8)
1l 3(3,4) 8(7,1)
v 5(57) 5 (44)
Crapis 3a Binet npu piarHoctuui, n ( %) / Binet stage at diagnosis, n (%) A 46 (52,3) 56 (49,6) 0,530
B 36 (40,9) 44 (38,9)
C 6 (6,8) 13 (11,9)
IHiLfanbHmiA nedtkoumTos, - 10%n / initial WBC count, - 10%/L 37,31 £5,19 46,94 + 5,35 0,207
MyTauiitiuia cratyc IGHV rewis, n ( %) / IGHV mutational status, n (%) M 34 (39,1) 35(31,3) 0,507
UM 53 (60,9) 77 (68,7)
Kniniuna dasa XJ1J1, n (%) / clinical phases of CLL, n (%) JiarHOCTUKM 3aXBOPIOBAHHS 47 (53,4) 60 (53,1) 0,965
at diagnosis
HeoOXxinHocTi noyatky Tepanii 41 (46,6) 53 (46,9)

requiring first treatment

PE3VIJIBTATU JOCIII2KEHHA

Myranii rena NOTCH1 6ynu BussieHi y 13,4 % cepen
BCiX 0OCTEXEHHMX XBOPHUX Ta IPEACTaBICHi TUIIOBOIO
Jesiellielo IBOX Mmap HYKJIeoTumdiB c.7544 7545delCT
(P2514fs). ¥ nBox malieHTiB (OAMH — OCHOBHOI Ta
OJUH — KOHTPOJIbHOI TPYINM) BUSIBJIEHi HAOAATKOBi
NOTCH]I myrtanii. B mepromy BuItanky 1ie Oyia BXe
Bioma nenenist onHiel napu HykJaeoTunais c.7444delC
[14], B iHIIOMY — paHilIl He OoMMCaHa iHCEepPIis OTHOI
napu HykiaeotuaiB c¢.7570 7571insC. O6uaBi myTtarii
MPU3BOIWIN A0 3CYBY paMKM 3UYMTYBaHHS i, SIK OyJI0
OYEBUJIHO 3 iX JIOKami3allii, MopylryBajau Aerpagallito
b0inka NOTCHI1 4epe3 pyiiHYBaHHSI PEryJasTOPHOIO
PEST nomeny.

Yacrora mytatriit rera NOTCH1 B ocHOBHili TpyTIi BU-
SBWIACh HIKYOIO, HiX B KoHtpoui (6,8 Ta 18,6 %,
BigmoBigHo; p = 0,015). PizHuws Oyna HaiOiAbLI oue-
BUIHOIO Cepell XBOPUX, SIKi IOTpeOyBaM ITPOBEACHHS
Tepamnii nmepiioi JiiHil. B KOHTpOJIbHINA TpyIli KiJbKiCTh
myrtanii rena NOTCH 1 36inbinyBanach y TaKUX XBOPHUX,
MOPiBHSHO 3 MalliEHTaMU, OOCTEKEHUMM TIPpU AiarHOC-
Tili 3axBoproBaHHs (p = 0,012), ogHaK B OCHOBHilt
rpymi i po36ixkHOCTI Oy HeBiporigHi (p = 0,317).

RESULTS

Mutations of NOTCH1 were found in 13.4 % of
observed patients and were represented by typical
two base pair deletion c¢.7544 7545delCT
(P2514fs). In two patients (one at a time from each
group) additional NOTCHI mutation was detect-
ed. In one case it was previously published single
base pair deletion c.7444delC [14], in another —
single base pair insertion ¢.7570_7571insC, which
was not previously reported. Both mutations cause
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.

The frequency of NOTCH 1 mutations in the main
group appeared to be lower in comparison with the
control group (6.8 % vs 18.6 %; p = 0.015). Diffe-
rencies were more significant among patients re-
quiring first treatment. In the control group the
number of NOTCH1 mutations increased in pa-
tients requiring first treatment compared with pa-
tients at diagnosis (p = 0.012), but in the main group
such differencies were non-significant (p = 0.317).
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B 060x rpynax myrtaiiii reHa NOTCH 1 nepeBaxHo Bu-
apastiuch y xsopux 3 UM IGHYV renamu (p = 0,001),
npuuomy y xBopux 3 UM IGHYV renamu, ki He 3a3Hanmn
BriuBy 1B, yactora MyTaliiii Oyja BUIIIOIO, HiX y Talli-
€HTIB OCHOBHOI rpynu (Tabj. 2). BaxjiuBo 3a3HaUYUTH,
110 el (peHOMeH He OyB MOB’SI3aHUIA 3 PiZHULICIO MiX
naiji€eHTaMJd OCHOBHOI i KOHTPOJBHOI IPyHU B 4acCTOTi
excrpecii IGHV reniB pi3HUX poauH, SIK MyTOBaHUX
(p = 0,432), taKk i HemyToBaHuX (p = 0,917) (puc.1).

Mu He BUSIBWIM CYTTEBUX PO30OiKHOCTEH Y HM3bKilt
yacToTi MyTtaniii rena NOTCH I 3anmexxHo Bin pamiaiiiitHo-
ro aHamHe3y ornpomMiHeHux xBopux Ha XJIJI: BoHu Oynu

Ta6nuusa 2
Po3noain NOTCH1 myTtauin y o6CcTexeHnx XBOpUX

Table 2
Distribution of NOTCH1 mutations in observed patients

In both groups NOTCH1 mutations were found
mostly in UM IGHYV cases (p = 0.001), but IR
non-exposed CLL patients with UM IGHYV gene
had increased number of mutations compared to
IR-exposed ones (Table 2). Notably, the differ-
ences in frequency of UM IGHYV gene usage (p =
0.917) as well as M IGHYV gene usage (p = 0.432)
were non-significant between observed groups of
CLL patients (Fig.1).

We did not reveal any differences in low frequen-
cy of NOTCH I mutations depending on IR anam-
nesis of irradiated CLL patients: they were

OGcTexeHi xBopi
Observed patients

KinbkicTb xBopux 3 NOTCH1 mytauismu, n ( %)
Number of patients with NOTCH1 mutations, n (%) p

ocHoBHa rpyna / IR-exposed patients

KOHTpONbHa rpyna / control group

Bci xBopi / all patients 63 88 (6,8) 21i3 113 (18,6) 0,015
Mpu noctaHoBui aiarHo3y / at diagnosis 21347 (4,3) 61360 (10,0) 0,262
MoTpebytoTb nikyBaHHs / requiring first treatment 4i341(9,8) 15i3 53 (28,3) 0,026
3 IGHV reHamn™ | mytoBaHumm / M IGHV cases™ 0i334 1i335(2,9) 0,321
HemyToBaHUMYK / UM IGHV cases*® 6353 (11,3) 203 77 (26,0) 0,040
MpumiTkn. * — myTauii rexis /GHV He [OCNIAXEHi B 0BHOrO NaLieHTa OCHOBHOI | B OAHOIO XBOPOTO KOHTPOJILHOI Fpynut.
Notes. * — no IGHV gene mutations were stutied in one at a time patient from both groups.
IGHV1
n IGHV2
b
4] IGHV3
(&}
‘45 @ /GHV4
2 IGHV5
~
o IGHV6
'
=1 IGHV7
©
=
=
m
X

M, onpomiHeHi
M, IR-exposed

M, KoHTponb
M, control

UM, onpomiHeHi
UM, IR-exposed

UM, KoHTposb
UM, control

PucyHoK 1. Po3nopin mytoBaHux (M) 1a HemytoBaHux (UM) IGHV reHiB okpeMux poauH cepep o6cTexeHux

XBOPUX

Figure 1. The distribution of mutated (M) and unmutated (UM) IGHV genes of separate families among

observed CLL patients
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Taoauuya 3

Kniniuni pani 06cTerkeHnx xsopux 3anexHo Big HaasHocti NOTCH1 myTtauyin (M - € myTtauii; UM - myTauin Hemae)

Table 3

Clinical data of observed patients depending on presence of NOTCH1 mutations (M - mutated cases;

UM - unmutated cases)

MokasHuku Bci xBopi / all patients OcHoeHa rpyna / IR-exposed patients KontponbHa rpyna / control group
Parameters UM M UM M UM M
Crapis 3a Binet npu giarHoctvui, n (%) / Binet stage at diagnosis, n ( %)
A 94 (54,0) 8 (29,6) 44 (53,7) 2(33,3) 50 (54,3) 6 (28,6)
B 67 (38,5) 13 (48,1) 32 (39,0) 4(66,7) 35 (38,0) 9 (42,9)
C 13(7,5) 6(22,2) 6 (7,3) 0 7(7,6) 6 (28,6)
p 0,013 0,382 0,012
[HiLjanbHuiA neiikoumTos, -10%/n 39,69 3,36 62,15 + 14,85 36,82 546 43,78 £ 16,57 42,23 +495 67,66 18,67
Initial WBC count, -10%/L
p 0,042 0,732 0,065
3Hauna nimpaneHonaris®, n (%) / bulky disease*, n ( %)
Hemae / no 159 (93,3) 22 (81,5) 76 (95,0) 4(66,7) 83(92,2) 18 (85,7)
€/ yes 11(6,5) 5(18,5) 4 (5,0) 2(33,3) 7(7,8) 3(14,3)
p 0,033 0,009 0,348
MepiaHa TTT, mic 22 4 22 3 20 6
Median TTT, mo
p 0,037 0,226 0,105
MegpiaHa PFS, mic 58 36 64 27 49 4
Median PFS, mo
p 0,019 0,234 0,099
MepiaHa OS, mic 79 55 112 80 73 43
Median OS, mo
p 0,101 0,793 0,102

[MpuMiTKN. * — y 4OTUPLOX NALIEHTIB AaHi WoAo NimbaaeHonartii Gynu BiaCyTHI.
Notes. * — no data on bulky disease were available in 4 patients.

BusBIeHi y 4 (6,8 %) yuacuukis JIHA 1986 poky, 1 (9,1 %)
yuacHuka JIHA 1987—1989 pokiBtay 1 (7,7 %) MelkaH-
1151 3a0pyaHEeHoi pamioHyKIigamu TepuTopii (p = 0,925).
Posznonin NOTCHI MyTOBaHUX BMIIAIKiB 3aJIEKHO BiJl
poky noctaHoBKu AiarHo3y XJIJI (mo 5 pokiB, B mepiof
5-10 pokiB Ta micina 10 pokiB 3 MOMEHTY aBapii Ha
YAEC) He po3spisHsses: 16,7; 5,6 Ta 6,7 %, BiAoBiaHO;
p = 0,608. Kopesiiist Mixk BIKOM OIPOMiHEHUX XBOPHX
Ha XJIJI Ha MomeHT YopHOOUIBbCHKOI aBapii Ta Ha-
siBHiCTIO MyTauliii reHa NOTCHI Oyna BigcytHsa (r =
0,021; p = 0,849).

IIpu aHani3i KJAiHIYHUX JaHUX BCiX 0OCTEXKEHUX XBO-
pux HagBHicTb MyTaliil reHa NOTCH [ Gyna acouiiioBa-
Ha 3 MPOJIOHTOBAHOIO CTaIi€l0 3aXBOPIOBAHHS, BUIIIM
iHilliaJIbLHUM JIEMKOLIUTO30M, OiJbIIMM CTYIIEHEM JTiM-
(hageHomaTii, KOPOTIIMMHM TEpiogaMM 0 IMOYATKy Te-
panii (TTT nepiox) Ta Ge3pelIMAMBHOIO BUKMBAHHS
(PFS), ogHak He 3 moKa3HMKaMM 3araJbHOTO BIDKMBAH-
Hs (OS) mauientiB (ta6a. 3). Le cniBrnamae 3 jaHUMU
OKPEMMX aBTOPIB, SIKi TAKOX HE BUSIBUJIU CTATUCTUIHO
3HAYYIIOi acoliamii Mixk MyTauissmu reHa NOTCHI Ta
OS [14, 15].

revealed in 4 (6.8 %) clean-up workers of 1986,
1 (9.1 %) clean-up workers of 1987—1989, and 1
(7.7 %) resident of contaminated areas (p = 0.925).
Distribution of NOTCH I mutated cases depending
on year of CLL diagnosis (<5, 5-10 and >10 years
after Chornobyl NPP catastrophe) did not differ:
16.7 %, 5.6 %, and 6.7 %, correspondingly; p =
0.608. Correlation between age of IR-exposed
CLL patients at the moment of Chornobyl NPP
catastrophe and the presence of NOTCHI muta-
tions was absent (r = 0.021; p = 0.849).

When clinical data of all observed patients were
analyzed, the presence of NOTCHI mutations
appeared being associated with more advanced
stage of the disease, higher initial WBC count,
bulky disease, shorter time-to-treatment (TTT)
period and progression-free survival (PFS) time,
but not with overall survival (OS) of patients
(Table 3). It was agreed with data of some
authors who also did not find a statistically sig-
nificant association between NOTCH I mutations
and OS [14, 15].
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BUCHOBOK

OOcTeXeHi Ipyny paHill HedikoBaHMX XBopux Ha XJIJI
cniBnagaiv 3a OUIBLIICTIO MPOaHAali30BaHUX MOKA3HUKIB
(cTaTb, BiK, CTafisl 3aXBOPIOBAHHS, iHiLliaIbHUI JICHKOLIM -
t03, MyTauiiHuii ctaryc IGHYV reniB, ekcrnpeciss IGHV
TeHiB pi3HUX poArH). TMM He MeHIllIe, B IPYIli XBOPUX, SIKi
3a3Ha/M BIUMBY 1B, BUSIBIeHa HU3bKa 4yacTOTa MyTallild
reHa NOTCHI1, Tomi IK B KOHTPOJBHI# TpyIli po3Momia
NOTCHI1 myTaniit y XBOpux Ha OKpeMuX KJIiHIYHUX (da-
3aX 3aXBOPIOBAHHS CMiBMNaIaB 3 pe3yJibTaTaMU, BUSIBJICHU -
MM iHIIMMU aBTopaMu [16]. HaM He Boasoch BCTAHOBUTH
MPUYMHU BUSBIEHUX po30ixkHOCTeH. OmHaK B LIIJIOMY, OT-
pUMaHi JaHi cBiguaTh, 110 BHecoK MyTalliit reHa NOTCH1
y po3BuToK XJIJI Ha Tii BriuBy IB € MiHiMaIbHUM.

IMongka

HocnimxeHHs npoBeaeHi 3a riiaHoM HallioHanbHOT aka-
neMil MennaHUX HayK Ykpainu (HIP Ne mepxpeecrpa-
uii 0114U002846). Mu Basiuni mictepy T.Xapmcy, mipe-
3uaeHTy OmaromifiHoi opranizauii Kingeprinege Kien
e.B. 3a miaTpuMKy B Npua0aHHiI peakTUBIB.
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CONCLUSION

Previously untreated CLL patients of the two
observed groups were comparable by the majority of
analyzed parameters (gender, age, stage at diagnosis,
initial WBC counts, mutational status of IGHV ge-
nes, IGHV gene usage). Nevertheless, low frequen-
cy of NOTCH1 mutations was found in IR-exposed
CLL patients at diagnosis and before first line thera-
py as well, when the patients of control group had
the expected distribution of NOCTH1 mutations
during clinical phases of disease [16]. We can not ex-
plain reasons for these differences. But, anyway, our
data suggest to minimal impact of NOTCH1 muta-
tions on CLL development under IR-exposure.
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