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CTEPEOTUITHI BUTTIAAKU B YKPATHCLKIN KOT'OPTI XBOPUX
HA XPOHIYHY JIIM®OLUTAPHY JENKEMIIO 3AJIEXKHO BIJI
BIIJIUBY IOHI3YIOYOI'O BUITPOMIHIOBAHHA

MeTa: nopiBHANLHMIA aHaNi3 YacTOTU Ta CMEKTPY CTEPEOTUNHMX KNNACTEPIB Y KOFOPTi YKPATHCbKMUX XBOPUX HA XPOHiUHY
nimouuTtapHy neikemito (XJ1J1) 3 ypaxyBaHHAM HAsABHOCTi B aHaMHE3i BNAKBY i0Hi3y0YOr0 BUNPOMiHIOBAHHS.
MeToau. [locnigkeHHs nposefeHo B rpyni 118 xsopux Ha XJ1J1, onpomiHeHnx BHAcnigok aBapii Ha YopHOOUIbCbKii
AEC (95 yyacHukiB nikBigauii Hacnigkis aBapii 1986 p., 17 MewWwKaHLiB TepUTOPii, KOHTAMIHOBAHWUX pafioHYKNiAamMu,
6 eBaKyinoBaHux) i B rpyni 294 HeonpoMiHeHUX XBOPUX. MyTauiiHUI CTATYC reHiB BaXKWUX NAHLIOTIB iMyHOT00YNiHiB
(IGHV reHiB), mytauii reHis NOTCH1, TP53 i SF3B1 pocnigxyBanu 3a JONOMOroK noniMepasHoi NaHLoroBoi peakuii 3
HACTYNMHUM CeKBeHyBaHHAM. Acouiauii MiX KNiHIYHUMM i MONEKYNAPHUMW JAHUMKU aHANi3yBanu y CTaTUCTUYHIi npor-
pami SPSS software package, version 20.0.
Pe3ynbraTu. YacToTta cTepeoTMnHUX BUNALKiB B yKpaiHcbkii XJ1J1 koropTi 6yna Bucokoto (50,5 %) i He po3pisHanach
cepep ONpoMiHEHMUX Ta HEONPOMiHEHUX XBOpMX. CNiBBiAHOWEHHA MAXOPHMX i MIHOPHUX KNACTepiB, a TaKOX YacToTa
OKPeMUX KnacTepiB OYNM CXOXMMMU 3 LAHUMUW NiTEPATypyu 3a LeKibKoMa BUHATKAMU: HU3bKA 4YacToTa knactepa #2;
BIACYTHiCTb KnacTepa #8; BUCOKA YacToTa MiHOpHOro knactepa #V4|J4.5.6|18|5. 0co611BOCTAMM ONPOMiHEHNX XBO-
pux 6ynu: 1) ofHaKoBa YacTOTa CTEPEOTUNMHUX KnacTepiB ceper Bunapkis XJ1J1 3 mytoBaHumu i HemyToBaHumu (UM)
IGHV reHamm (p = 0,557); 2) BifCyTHiCTb LOCTOBIpHUX po306ixHOCTeit B peneptyapi IGHV reHiB cepepn cTepeoTunHumx i
reTeporeHHux Bunagkis (p = 0,508); 3) «reTeporeHHicTb» CTEPEOTUNHUX BUNAAKIB: BCi ifeHTUdiIKOBaHI knactepy, 3a
BUHATKOM Knactepy #1, 6ynu npeactasneHi ogHum Bunagkom. Cepep cTepeoTunHux Bunagkie 3 ekcnpecieto UM IGHV
reHis I knaHy (kpim reqa IGHV1-69) vacTiwe 3ycTpivanucb myTauii rena NOTCH1. XBopi, ki Hanexanu fo knactepy #4,
NOpPiBHAHO 3 NauieHTaMu KnacTepy #2, 6ynn MONOAWMMHK, MANU TEHAEHLiIO A0 36iNbleHHs NepioAy Ao noyaTky Tepanii
Ta 3aranbHoro BMuBaHHA. Cepen XBOpuX Knactepy #2 yacTiwe AiarHOCTyBanW ayTOiMyHHY reMONiTUYHY aHeMilo Ta
MyTalii reHa SF3F1. Ekcnpecia reHa IGHV3-21 6yna acouiiioBaHa 3 HU3bKMMU MOKA3HWKAMMW 3arajibHOrO BUXKWUBAHHSA
Npw yHi- Ta MyNbTUBAPiaHTHOMY perpecinHoMy aHanisi. AyToiMyHHa reMoniTMYHA aHeMis YacTile 3ycTpiyanack y XBo-
pux 3 ekcnpecieto UM IGHV4-59 1 IGHV3-11 reHis.
BucHOBKU. BusBneHi po3GiXHOCTI po3nofiny cTepeoTMNHUX BWUMALKIB B YKpAiHCbKili Koropti xBopux Ha XJUJI
Hai6inbLW BiporigHo BifoOpaXaloTb BNAUB reHeTUYHUX aKTOpiB, GaKTOPiB HABKONMWHBLOTO CEPefoBULLA (BKIOYAKD-
4u 1 10Hi3yloue BUNPOMiHIOBAHHSA), Ta X B3aEMOAI0 Y NeBHilN reorpadiyHii 30Hi.
KniouoBi cnoBa: xpoHiyHa nimdouutapHa neiikemis, IGHV renu, aBapis Ha YopHobunbcbkiit AEC.
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STEREOTYPED CASES IN UKRAINIAN COHORT OF CHRONIC
LYMPHOCYTIC LEUKEMIA PATIENTS DEPENDING ON THE
IONIZING RADIATION EXPOSURE

Objective: to analyze the stereotyped subsets in cohort of Ukrainian chronic lymphocytic leukemia (CLL) patients
in general and depending on the ionizing radiation (IR) exposure.
Methods. Analysis was performed in the groups of 118 CLL patients irradiated due to the Chornobyl NPP accident
(95 clean-up workers, 17 inhabitants of radionuclide contaminated areas, and 6 evacuees) and 294 IR non-exposed
patients. The IGHV (immunoglobulin heavy chain variable region) gene mutational status, mutations of NOTCH1, TP53
and SF3B1 genes were studied by polymerase chain reaction followed by direct sequencing. Associations between
clinical and molecular data of patients were analyzed with the SPSS software package, version 20.0.
Results. The incidence of stereotyped CLL cases in Ukrainian cohort was high (50.5 %) and comparable in IR-
exposed and non-exposed patients. The ratio of major and minor clusters as well as the frequency of individual clus-
ters was comparable with reported data with some exceptions: a low incidence of subset #2; absence of subset #8;
high frequency of minor subset #V4|J4.5.6|18|5. The distinctive features of IR-exposed CLL patients found were:
1) comparable frequency of stereotyped cases among mutated and unmutated (UM) IGHV genes cases (p = 0.557);
2) lack of differences IGHV gene repertoires among stereotyped and heterogeneous cases (p = 0.508); 3) «hetero-
geneity» of stereotyped cases: all identified stereotyped clusters, with the exception of cluster #1, consisted of one
case. Stereotyped cases with expression of UM IGHV clan I genes (except IGHV1-69 gene) were more susceptible to the
appearance of NOTCHT mutations. Patients of cluster #4 were younger, tended to have a longer time-to-treatment
period and overall survival (0S) compared to subset #2. Patients of cluster #2 are more likely to have autoimmune
hemolytic anemia (AIHA) and SF3F7 mutations. IGHV3-21 expression was associated with worse 0S in univariate and
multivariate analysis. AIHA was more common in patients with UM IGHV4-59 and IGHV3-11 genes.
Conclusions. The revealed differences in distribution of stereotyped CLL cases in Ukrainian cohort are most likely
to reflect variations in the genetic background, environmental factors (including IR exposure), and their interac-
tions in different geographic areas
Key words: chronic lymphocytic leukemia, IGHV genes, stereotyped subsets, Chornobyl NPP accident.

Problems of Radiation Medicine and Radiobiology. 2022;27:307-323. doi: 10.33145/2304-8336-2022-27-307-323

BCTYII

OpHielo 3 XapakTepUCTUK B-KJiTMHHOro peuenrtopa
(BKP) nipu xpoHiuHiit giMmboruTapHiit aerikemii (XJLT)
€ HECTOXaCTUUYHUI perepTyap reHiB BapiabeabHOI dilb-
HUIII BaXXKUX JIAaHIIOTIB iMmyHOrToOymiHiB (IGHV) i Ha-
SIBHICTh 3HAYHOI YaCTHMHU TAIiEHTIB 3 MOMIOHUMU abo
Maiike IOeHTUYHUMHM ITOCHIZOBHOCTSIMM TPETHOTO
KoMmIuieMeHTapHoro periony (heavy chain complemen-
tarity-determining region 3, HCDR3), mo cBiguuts 1ipo
pO3ITIi3HABAHHS 3araJiIbHUX, CIUJIbHUX AHTUICHHUX Je-
tepMiHaHT. Kipps Ta criBaBT. [1] BOepiie mokasanu, 1o
JIEKO3Hi KJIITUHMA ABOX HECHOPiAHEHUX IIALi€EHTIB 3
XJIJI excnpecyiors Maiike imeHTnuHi IGHV renm
(6inb1 HiX 99 % roMoorii), sIKi pearyloTb 3 MOHOKJIO-
HaJIbHUMM aHTUTIIaMU G6, CIIpSIMOBAHMMM IPOTU ay-

B« Iryna V. Abramenko, e-mail: abramenko_iryna@ukr.net

INTRODUCTION

One of the characteristics of the B-cell receptor
(BCR) in chronic lymphocytic leukemia (CLL) is
the non-random repertoire of immunoglobulin
heavy chain variable region (IGHV) genes and the
presence of a significant proportion of patients
with similar or almost identical variable heavy
chain complementarity-determining region 3
(HCDR3) sequences, strongly suggesting recogni-
tion of a common antigenic determinant. Kipps et
al. found that leukemic cells of two unrelated CLL
patients expressed IGHV genes with greater than
99 % homology that reacted with G6 monoclonal
antibody directed against autoantibodies, particu-
larly rheumatoid factors [1]. Soon thereafter there
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TOAHTUTIN, 30KpemMa peBmaroigHoro (axkropy. Hezaba-
poM miciisl uboro Oyau imeHTUdiIKOBaHI pi3HI KiaacTepu
punankiB XJIJI 3 ekcripeciero momioHNX (CTepEOTUITHNX)
BKP, 1110 moctymnoBo 30iJIbIITYyBajI0 YacTOTY CTEPEOTHUII-
HUX BUMNAAKIB cepell 00CTeXXeHUX MalieHTiB [2—5]. ¥V no-
craimkeHHi Agathangelidis Ta cmiBaBT. [6], sIKi mpoBeIn
00CTeXEHHST Halb1Ib1IOl y CBiTi Koroptu 29 856 XxBopux
Ha XJIJI, yacrora crepeorunii BKP nocsarna miky 41 %.
VY Toi1 Xe Jac BiA3HaA4eHO BiIMiHHOCTI B cTpyKTypi BKP
y xBopux Ha XJIJI B pi3zHUX reorpadiyHuX perioHax, 110
OiATBEPIKYIOTh MOTEHLIMHUI aHTUTeHHUIA BIJIMB Ha
iHilliallil0 3aXBOPIOBAHHS, SIKMI Bapiloe€ 3ajekHO Bif
perioHy, eTHiYHUX Ta iHIKX dakTopiB [7—11].

Panilre My BXe MPOBOAMIM JOCHIIKEHHSI €KCIpecii
okpemux IGHYV reHiB Ta HasIBHOCTI CTEpEOTUITHUX BU-
naakiB cepen ykpaiHcbkux xBopux Ha XJIJI [12, 13]. be-
py4yH 10 yBaru 3HaYHe 30iIbIIEHHS KiIbKOCTi KJIacTepiB
crepeotunnHux BKP, My npoBenu neperisia oTpuMaHuX
HaMM JTaHUX.

META

OCHOBHOIO METOIO 1i€i poOOTH OyB MOPIBHSIbHUMN
aHaJli3 4YaCTOTU Ta CHEKTPY CTEPEOTUITHUX KIACTEpiB y
KoropTi ykpaiHcbkux xBopux Ha XJIJI 3 ypaxyBaHHSIM
HassBHOCTI B aHaMHe3i BIUIMBY iOHI3yIOUOTO BUITPOMi-
HioBaHHs (IB).

MATEPIAJIN 1 METOJIN

Koropra Bxitouana 412 xsopux Ha XJIJI 3 MpogyKTUB-
HuMmu nepedymoBamu IGHV reniB (307 gonoBikiB i 105
KiHOK) y Biui (57,63 % 0,47) pokiB (MexniaHa 58 pokiB),
SKi 3HaAXOAWJIMCh Ha JIiKyBaHHI B JlepkaBHili ycTaHOBi
«HanioHanbHM1 HayKOBUIA LIEHTP padialliiiHOT MEAUII -
Hu HauioHanbHOI akageMii MeIMYHUX HayK YKpaiHu»
(HHLPM). docnimxkeHHs oyno cxBaieHo KomiteTom 3
meanuyHoi etk HHIIPM, i Bci mauienTu ganu indop-
MOBaHy 3rofy Iepen ydacTio B HboMy. [diarHo3 XJIJI
BCTAaHOBJIIOBAJIM 3a KJIiHIKO-T€MaTOJIOTIYHUMHU JaHUMU,
MOP@OJIOTIYHUMU OCOOJIMBOCTSIMU KJIITHH i pe3yJibrara-
MU imMyHOo(peHoTumnyBaHHs. Cramilo 3aXBOPIOBaHHS
BCTAHOBJIIOBAIM 3a Kjiacudikauigsmu Rai [14, 15] Ta
Binet [16].

Cro BiciMHamuaTh TatieHTiB (28,6 %) mocTrpaxmann
BHacqinok amapii Ha YopHoownbcekiii AEC. o rpynm
Malli€EHTIB, SIKi 3a3HaM BILTUBY [B, Bxoawio 95 yyacHUKIB
JlikBigauii HacnigkiB YopHOOMILCHKOI aBapil (Y4aCHUKHU
JIHA) (79 yuacHukiB JIHA 1986 poky ta 16 — 1987—1989
POKiB), 6 eBaKyiioBaHMX Ta 17 MEILIKAHIIiB TEPUTOPiil YK-
paiHu, 3a0pyaHeHUX pagioHykaigamu. [Hii 294 nauieHTn
(71,4 %) Oynu BKITIOYEHI IO TPYIU ITOPiBHSIHHS 0€3 BITIU-
By IB B anamne3i. Cepen XBOpHX IpyIi TTOPiBHSIHHS TTepe-

were identified different subsets of CLL cases car-
rying highly similar (stereotyped) BCR immu-
noglobulins, which gradually increased the
frequency of stereotyped cases among examined
CLL patients [2—35]. The incidence of BCR ste-
reotypy peaked at 41 % in the study of Agathange-
lidis et al. [6], who investigated the largest world-
wide cohort of 29,856 CLL patients. At the same
time, differences in the structure of the BCR in
CLL patients in different geographic regions were
noted that support a potential antigenic influence
in CLL initiation, which varies by region, ethnic
and others factors [7—11].

Previously, we analyzed IGHV gene usage and
stereotyped cases among Ukrainian CLL pa-
tients [12, 13]. Taking into account the signifi-
cant increase in the number of stereotyped sub-
sets, we carried out a revision of our observed
CLL cases.

OBJECTIVE

Thus, the objective of the current paper was to
analyze the stereotyped subsets in cohort of
Ukrainian chronic lymphocytic leukemia (CLL)
patients in general and depending on the ionizing
radiation (IR) exposure/

MATERIAL AND METHODS

Our cohort included 412 unselected CLL patients
with productive /IGHV gene rearrangements (307
men and 105 women) aged 57.63 * 0.47 years
(median 58 years). All patients were managed at
the State Institution «National Research Center
for Radiation Medicine of the National Academy
of Medical Sciences of Ukraine» (NRCRM). The
study was approved by the local Medical Ethics
Committee, and all patients gave informed con-
sent prior to participation in it. The diagnosis of
CLL was based on clinical history, lymphocyte
morphology, and immunophenotypic criteria.
Stage of disease was established according to the
Rai [14, 15] and Binet [16].

One hundred eighteen patients (28.6 %) were the
sufferers of Chornobyl NPP accident. This group
of ionizing radiation (IR) exposed patients consist-
ed of 95 clean-up workers (79 clean-up workers of
1986 and 16 clean-up workers of 1987—1989), 6 eva-
cuees, and 17 inhabitants of radionuclide contam-
inated areas. The other 294 patients (71.4 %) were
included in IR non-exposed group of comparison.
Residents of Poltava region (38.5 %) and Kyiv
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Ta6nuusa 1

Kniniko-remaronoriyHa xapaKTepucTuka o6crexkeHmx xsopux Ha XJU1

Table 1

Baseline characteristics of observed chronic lymphocytic leukemia patients

MoKasHuK HeonpomiHeHi xBopi Xeopi i3 ennueom IB B anamHe3i / IR-exposed patients
IR non-exposed BCi yyacHuku JIHA meLuKaHui KT' eBaKyioBaHi
Characterictics patients all clean-up workers inhabitants of RCA' evacuees
n =294 n=118 n=95 n=17 n==6

Cratb XiHo4a /4onoBiva (XiHku, %) 94/200 (32,0) 11/107 (9,3) 2/93 (2,1) 4/13 (283,5) 5/1 (83,3)
Sex, female / male (women, %)
Bik, poku (M £ m) 57,61 = 0,56 57,69 = 0,64 57,82 + 0,97 58,53 + 1,52 53,33 + 4,66
Age, years (M £ m)
Crapijsi 3a Binet, n (%) / Stage at Binet, n (%)

A 142 (48,3) 56 (47,4) 47 (49,5) 5(29,4) 4 (66,7)

B 109 (37,1) 52 (44,1) 40 (42,1) 10 (58,8) 2(33,3)

C 43 (14,6) 10 (8,5) 8(8,4) 2(11,8) 0

MpumiTka. 'KoHTamiHoBaHi TepUTOpii.
Note. 'Radionuclide contaminated areas.

Baxkanu xkuteiai [NonraBmmuu (38,5 %) ta Kuesa
(30,4 %), 1110 HaJIeXAaTh O OAHOTO TeHO-TeorpadiuHOro
perioHy Ykpainu (LleHTpaqbHO-YKpaiHChbKUI pEeTioH).
Posnopin naiieHTiB y KOXHIl rpyIli 3a CTaTTIO, BIKOM i
CTaJIi€10 3aXBOPIOBAHHSI HaBeAEHO B Ta0JI. 1.

bynu mpoananizoBaHi KJiHiYHi JaHi HAa MOMEHT
BCTAHOBJIEHHSI AiarHO3y, TPUBAIICTh Mepioay A0 MO-
yaTKy JiikyBaHH# (time-to-treatment, TTT), 3aranbHa
BkuBaHicTh (overall survival, OS), po3BUTOK ay-
TOIMYHHOI TeMOJIiTu4HO1 aHeMii (AIA), BTOPMHHUX
COJIIMHUX MyXJUH i TpaHcdopmalii Pixrepa. [HdiarHo3
AT'A BCTaHOBJIOBAJIM 32 TAKUMU KPUTEPisIMU: aHEMis
(remorno6in < 12 r/mm), nmabopaTopHi O3HAKU Te-
Moutizy (MigBMILEHHST PiBHS OiipyOiHY, PEeTUKYIOLM-
TO3), HAsIBHICTb AQHTHEPUTPOLIUTAPHUX ayTOAHTHUTIN,
BUSIBJICHUX TIPSIMUM aHTUIJIOOYJIiIHOBUM TecTOM. Jliar-
HO3 cuHIpoMy PixTepa BCTaHOBJIIOBAJIU 3TiTHO 3 PEKO-
meHpauigmu IWCLL-NCI [17].

ITenomuy IHK Ta 3aransny PHK otpumyBaniu 3 mo-
HOHYKJIeapiB repugepuyHOi KPOBi 3a JOITOMOIOI0 Ha-
o6opy QIAamp Blood Mini Kit (Qiagen, Benmmkoopu-
TaHis). Myranitinuii craryc IGHV TeHiB BHU3Ha4yaau
METOJIOM ITOJIiMepa3Ho1 JIAHIIOBOTO1 peakilii 3 HaCTYII-
HUM CEKBEHYBaHHSIM, SIK omMucaHo paHiue [18].
AHaJi3 TIpoBOAMIIN 3a JOoTToMoroo 6a3 manux IgBlast
ta IMGT. IGHV 1moCIimoBHOCTI 3 TOMOJIOTI€IO IO
Hal0IMKY0T0 repMiHaTUBHOTO TeHa > 98 % po3iiHIo-
Bajau d9K HemyToBaHi (unmutated, UM), a 3 romo-
noriero < 98 % — gk myToBani (mutated, M) [19, 20].
Bumnanxu 3i ctepeotunnumu BKP Bu3Havanu 3a Kpu-
tepissmu Agathangelidis Ta criBaBT. [6].

Myrauii reniB NOTCH 1, TP53 ta SF3B1 6yau BUsIB-
JIeHi, K ommicaHo paHiie [21].

(30.4 %), which belong to one gene-geographical
region of Ukraine (Central-Ukrainian region), pre-
dominated among IR non-exposed CLL patients.
The distribution of patients in each category by sex,
age, and stage of disease are detailed in Table 1.

The following patient characteristics were analyzed:
clinical data at the time of diagnosis, time-to-treat-
ment (TTT) period, overall survival (OS), development
of autoimmune haemolytic anemia (AIHA), second-
ary solid tumors formation and Richter transforma-
tion. Diagnosis of AIHA was established based on the
following criteria: anemia (Hb < 12 g/dL), laboratory
signs of hemolysis (increased bilirubin, reticulocytosis)
and the presence of anti-erythrocyte autoantibodies
detected by the direct antiglobulin test. The diagnosis
of Richter syndrome was established according to the
International Workshop on Chronic Lymphocytic
Leukaemia (IWCLL)-NCI guidelines [17].

Genomic DNA for molecular analysis was
extracted from peripheral blood mononuclear cells
with the QIAamp Blood Mini Kit (Qiagen, UK).
The IGHV gene mutational status was assessed by
PCR amplification followed by a direct sequencing,
as described above [18]. 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 con-
sidered to be mutated (M) [19, 20]. Cases with
stereotyped BCRs were identified according to
Agathangelidis et al. [6].

Mutations of NOTCHI1, TP53 and SF3BI genes
were detected as described early [21].
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Tpusanicte niepiogy TTT i OS pospaxoByBaJn Bia
BCTaHOBJICHHS JiarHO3Y JI0 MTOYaTKYy JIiKyBaHHS XBOPO-
ro abo cMepTi, BianosigHo. {aHi olliHIOBaJIM METOJOM
Kamnan-Maiiepa Ta 3a gornomoroio log-rank tecTy i
perpecii Kokca. CTaTUCTUYHI JOCTiIKEHHS TTPOBEAEHi
3 BUKOpUCTaHHs1 mporpamHoro mnakety SPSS 20.0
(SPSS, Yukaro, Itinoiic). Yci 3HaueHHs p Oy/Iu I1BO-
CTOpPOHHIMHM, a 3HadyeHHs p < 0,05 BBaxKaau cTaTHC-
TUYHO 3HAYYIINM.

PE3VIJIBTATU

Bunanxu XJ1J1 3 UM IGHV renamu riepeBaxkaiu B yCix
KaTeropisix XBOpux, 3a BUHITKOM HEBEJIMKOI ITiArpyIn
eBakyiloBaHux (Tabj. 2). Y Bcix miarpymnax po3mnomil
okpemux pomuH [IGHV rteuiB 0yB Takum: IGHV3 >
IGHV1> IGHV4, xoua yactora IGHV I reHiB Maja TeH-
JIEHIIII0 10 3HIDKEHHSI cepel OIPOMIHECHMX XBOPHX
(26,3 %; p = 0,049) i, 30kpema, cepen yuacHukis JIHA
(25,3 %; p = 0,046) nopiBHAHO 3 MalliEeHTAMU IPyIU
nopiBHsAHHSA (36,4 %).

B uinomy, 208 i3 412 Bunazxis (50,5 %) Oynu BigHe-
ceHi 10 160 pisHux Kiacrepis 3i ctepeotunnHuMu BKP.
OmnuH BUIAnoK 3 peaparKyBaHHIM IGHVI-2/2-21/3 i
100 % romodnoriero HCDR3 3 mocimoBHOCTSIMM KJ1ac-
tepa #119 (peaparxyBauus IGHV4-59/2-21/3) He OyB
BilHECEHMI1 10 cTepeOoTUITHUX BUIaakKiB. YacTora cTe-
PEOTUITHUX BMMAAKIB MiX OKPEMUMU KaTEropisiMu
obcrexxeHnx xBopux Ha XJIJI mocToBipHO He po3pi3HSI-
Jack (p > 0,05) (Taba. 2).

BinHocHa KiJIbKiCTh CTEPEOTUMHUX BUMNAAKIB y 3a-
ranpHit Koropti XJIJI oyna Buma 3a UM IGHV reHiB
(152 i3 279; 54,5 %), nHix 3a myroBaHux (56 i3 133;
42,1 %), p = 0,021. OgHak Lie TBEPIXEHHS OYJIO

Ta6auusa 2

TTT and OS were calculated from diagnosis to
start of the first CLL treatment or death, respective-
ly. Patients without documented event were cen-
sored at time of last contact. Survival rates were esti-
mated by Kaplan-Meier statistic with log-rank test
and Cox regression. Statistics were performed using
the SPSS 20.0 software package (SPSS, Chicago,
IL). All p values are two-sided, and p value < 0.05
was considered to be statistically significant.

RESULTS

UM IGHV cases prevailed in all categories of
observed CLL patients with the exception of a
small subgroup of evacuees (Table 2). All groups
presented IGHV3 > IGHV1 > IGHV4 distribution,
although IGHVI frequency tended to decrease
among IR-exposed patients (26.3 %; p = 0.049)
and, in particular, among clean-up workers (25.3 %;
p = 0.046) compared to IR non-exposed patients
(36.4 %).

In total, 208 of 412 cases, representing 50.5 % of
the Ukrainian cohort, were assigned to 160 different
stereotyped clusters. One case with IGHV1-2/2-21/3
rearrangement and 100 % homology of HCDR3
region to sequences of cluster #119 (IGHV4-59/2-
21/3 rearrangement) was not included in the stereo-
typed cases. The frequency of stereotyped cases
between separate categories of observed CLL pa-
tients were insignificant (p > 0.05) (Table 2).

The incidence of stereotyped cases in total CLL
cohort was higher in UM IGHV cases (152 of 279;
54.5 %) compared to mutated ones (56 of 133;42.1 %),
p = 0.021. However, this statement was only true for

CTepeoTunHi BUNagKu y rpynax o6crexkeHmx xeopux Ha XJUl

Table 2
Stereotyped cases in groups of observed CLL patients

Xeopi i3 enaveom IB B aHamHe3i / IR-exposed patients, n (%)

MokasHukn Heonpowmineni xsopi

IR non-exposed patients BCi yyacHuku JIHA mewkaHui KT'  eBakyiioBaHi
Characterictics n (%) all clean-up workers inhabitants of RCA' evacuees
B uinomy / Total 294 (100) 118 (100) 95 (100) 17 (100) 6 (100)
M IGHV sunapkn / M IGHV cases 94 (32,0) 39 (33,1) 32 (33,7) 3(17,6) 4 (66,7)
UM IGHV unagku / UM IGHV cases 200 (68,0) 79 (66,9) 63 (66,3) 14 (82,4) 2(33,3)
CrepeotunHi Bunaaku / Stereotyped cases 154 (52,4) 54 (45,8) 41 (43,2) 8 (47,1) 5(83,3)
> 3 M IGHV reHamu / in M IGHV cases 40 (42,6) 16 (41,0) 12 (37,5) 1(33,3) 3 (75,0
> 3 UM IGHV reHamu / in UM IGHV cases 114 (57,0) 38 (48,1) 29 (46,0) 7 (50,0) 2(100,0)
MaxopHi knactepu / Major subsets 44 (15,0) 15 (12,7) 10 (10,5) 3(17,6) 2(33,3)
MinopHi knactepu / Major subsets 110 (37,4) 39 (33,1) 31 (32,6) 5(29,4) 3 (50,0)

Mpumitka. 'KoHTamiHoBaHi TepuTopii.
Note. 'Radionuclide contaminated areas.
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Figure 1. The frequencies of the IGHV genes depending on BCR stereotypy

CIIpaBeIMBE JIMIIE JJISI XBOPUX T'PYNU ITOPiBHSIHHS
(p = 0,024). Cepen nawuienTiB 3 XJIJI, sIKi MaJqu BIIUB
IB B aHamHe3i, yacToTa CTEpEOTUIIHUX BUMAIKIB HE
pO3pi3HAIACh 3aJIeXKHO Bif MyTalliliHoro cratycy IGHV
reHiB (p = 0,557).

Cepe/l CTepeOTUITHUX BUIIAJIKIB MOPIiBHSIHO 3 TETEPO-
TeHHUMM YacTile ekcrnpecyBascs reH IGHVI-69 (27,9 %
npotu 16,2 %; p = 0,004), i, HaBITaku, pinie Oyau BU-
sBieHi reun IGHV3-9 (1 % nipotu 4,4 %; p = 0,029),
IGHV3-15 (0,5 % nipotu 3,9 %; p = 0,016), IGHV3-23
(0,5 % npotu 3,9 %; p = 0,016). Yacroru inmux IGHV
TeHiB He BiApi3HsIMCS 3ajekHo Big crepeoTumnii BKP
(puc. 1).

OpHak 11i 3aKOHOMipHOCTi Oy BUSIBJIEHI TAKOX JIU -
e y MNaui€eHTiB rpylnu MNOPiBHSIHHS, B $IKii Oyna
Bim3HayeHa BHcoka yactora reHa IGHVI1-69 (30,6 %
npotu 16,4 %; p = 0,004) Ta 3HMKEHA YacTOTA TE€HIB
IGHV3-9 (0 % npotu 4,3 %), IGHV3-15 (0 % nportu
3,6 %) i IGHV3-23 (0,6 % nipotu 4,3 %; p = 0,041) ce-
pel CTEPEOTUITHUX BUIAJKIiB MOPIBHIHO 3 TeTepOreH-
Humu. BinMiHHOCTe# y criekTpi Bukopuctanux IGHV
reHiB 3aynexHo Bin crepeotunii BKP y nmauieHTiB i3
BriiBoM 1B B anamuesi (p = 0,434), 30kpeMa, cepen
yuacHukiB JIHA (p = 0,508) He BusiBICHO.

V Bciit koropti xBopux Ha XJIJI 6y70 ineHTU(hiIKOBAaHO
25 maxopHuX KJactepiB. KibKicTb BUIIaAKiB, BKIIOYE-
HUX 10 MaKOPHMX KJIacTepiB, cTaHoBwWIa 15 % cepen ycix
nocnigoBHocTel i 28,4 % cepen CTepeOTUITHUX BUTIAIKIB.
ITprbaM3HO ABi TPETMHU MOCiTOBHOCTEM, 1110 BXOAWIN
IO MaXKOpHMX KiacTepiB, ekcripecyBai UM IGHV teHn
(39 nocninoBHocTei, 66,1 %). Haiibinbin npencrasie-

IR-non exposed CLL patients (p = 0.024). Among
IR-exposed CLL patients the incidence of stereo-
typed cases in the /GHV mutated subgroup was com-
parable with that in the /GHV unmutated subgroup
(p = 0.557).

The frequency of IGHVI-69 expressing cases
was higher among stereotyped cases compared to
heterogeneous ones (27.9 % vs 16.2 %; p = 0.004),
and the frequencies of IGHV3-9 (1 % vs 4.4 %;
p = 0.029), IGHV3-15 (0.5 % vs 3.9 %; p = 0.016),
IGHV3-23(0.5 % vs 3.9 %; p = 0.016) expressing cases
were lower. The frequencies of the other /IGHV genes
did not differ depending on BCR stereotypy (Fig. 1).

However, these patterns were found only in IR
non-exposed patients, where overexpression of
IGHV1-69 gene (30.6 % vs 16.4 %; p = 0.004) and
decreased expression of IGHV3-9 (0 % vs 4.3 %),
IGHV3-15 (0 % vs 3.6 %), IGHV3-23 (0.6 % vs
4.3 %; p =0 .041) genes were noted among stereco-
typed cases compared to heterogeneous ones. No
differences in IGHV gene repertoires depending on
BCR stereotypy were found in IR-exposed patients
(p = 0.434), in particular, among clean-up workers
(p = 0.508).

Twenty-five major subsets have been identified in
all CLL cohort. The number of cases included in
major subsets was 15 % among all sequences and
28.4 % among stereotyped cases. About two thirds of
the sequences within major subsets expressed UM
IGHV genes (39 sequences, 66.1 %). The most rep-
resented were subset #1 (UM IGHV, 11 sequences,
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Humu oynu knactep #1 (UM IGHV renu, 11 nociinoBHOC-
teit, 2,7 %), knactepu #2 (M IGHV tenu, 6 mocinoBHOC-
teir, 1,5 %), #6 (UM IGHV reuu, 6 IOCIiIOBHOCTEN,
1,5 %), #5 (UM IGHV renn, 4 nocnimosHocrti, 1 %), #4
(M IGHV renn, 4 nocnigosHocti, 1 %) i #3C3 (UM IGHV
reuu, 3 mociaigoBHocTi, 0,7 %). IHIII MaxxopHi KJ1acTepu
Oy/u TipeAcTaB/ieHi ofHUM abo nBoMa Bumagkamu. Kiac-
Tepu #8, #8a Ta #169 He Oy ineHTUdIKOBaHI.

MinopHi kiactepu (n = 137) Bxitovyanu 149 Bunankis,
nepeBaxkHo 3 UM IGHV renamu (113 nocninoBHOCTEN,
75.8 %). %). dBa KjacTepy BKJIIOYAIM 110 TPU BUIIAAKU
(#5B i #V4|14.5.6(18|5), neB’aTh KJ1acTEPiB BKIIOYAIH T10
nBa BuMIagku KoxeH (#5E, #7F2, #7E2, #23B, #50,
#64A, #117A, #V3|16|23|16 i #V4-59|J6/|23|1), inmri kitac-
Tepy OyaM TIpeACTaBIIeHI MO OMHOMY BUMAIKY (CTepeo-
TUIHI BUTIAAKX HAaBEJEHO B JOIATKOBIM TaOJIMIII HA CalTi
https://www.researchgate.net/profile/Chumak-Anatolii).

3rinHo 3 koHuemniico Agathangelidis Ta criBaBT. [6],
16 BumangkiB cepen MiHOPHUX KiacTepiB (BCi B KOHT-
POJIBbHIN I'PYITi XBOPUX) PO3LiHEHi SIK caTesiTh A0 Kjac-
tepiB #7C2 (6 Bumnaakis), #31 (3 Bunanku), #64B (2 Bu-
nmanku), B #77, #148B, #169, #188, #202 (mo 1 Bumaaxky
B KOXXKHOMY).

Mix MaxXOpHUMM 1 MIHOPHMMHU KJacTepamMu 3
ekcrpecielo UM IGHV reHiB BUSIBIEHi BiAMiHHOCTi y
criekTpi Bukopucrtanux IGHV reHiB, a came 3Ha4YHe
3MeHIeHHs yactotu /GHV I TeHiB 3 BioIIOBITHUM 30i1b-
meHHsaM 4yactotu IGHV3 ta IGHV4 reHiB y moCigoB-
HOCTsX MiHOpHUX KjacTepiB (p = 0,001) (puc. 2).

TpuHagugTs i3 162 crepeotunHux kiaactepis (8,0 %)
OyJin 3HaliaeHi K y rpyni nauieHTiB 3 XJIJI i3 BrinBoM

2.7 %), followed by subsets #2 (M IGHV, 6
sequences, 1.5 %), #6 (UM IGHYV, 6 sequences,
1.5 %), #5 (UM IGHV, 4 sequences, 1 %), #4 (M
IGHV, 4 sequences, 1 %), and #3C3 (UM IGHV, 3
sequences, 0.7 %). Other major subsets were rep-
resented by one or two cases. Subsets #8, #8a, and
#169 were not identified.

Minor clusters (n = 137) included 149 cases, most-
ly with UM IGHV genes (113 sequences, 75.8 %).
Two clusters included three cases each (#5B and
#V4|14.5.6|18|5), nine clusters included two cases
each (#5E, #7F2, #7E2, #23B, #50, #64A,
#117A, #V3[J623|16, #V4-59|J6|23|1), and other
clusters were represented by one case each (stereo-
typed cases are given in supplemental Table posted
at https://www.researchgate.net/profile/Chumak-
Anatolii).

According to the concept of Agathangelidis et al.
[6], 16 cases among minor clusters (all in the group
of IR non-exposed CLL patients) were regarded as
satellites to clusters #7C2 (6 cases), #31 (three
cases), #64B (two cases), and #77, #148B, #169,
#188, #202 (one case in each).

Differences in IGHV gene usage were found
between major and minor subsets in UM IGHV
cases, namely a significant decrease in IGHV1 ge-
nes with a corresponding increase in the frequency
of IGHV3 and IGHV4 genes in sequences of minor
subsets (p = 0.001) (Fig. 2).

Thirteen of 162 stereotyped subsets (8.0 %) were
present in both the group of IR-exposed and IR

90

Yacrorta / Frequency, %

BN MaxopHi knactepu / Major subsets |
I MiHopHi knactepu / Minor subsets

IGHV1 IGHV3 IGHV4

HemyTtoBaHi IGHV rein / Unmutated IGHV genes

IGHV5 IGHV6

PucyHoK 2. Yactorta IGHV reHiB pi3HUX pOAUH Y CKNaAi MAXKOPHUX Ta MIHOPHUX CTEPEOTMIHUX KacTepiB

Figure 2. The frequencies of the IGHV gene’s families depending in major and minor stereotyped subsets
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IB B anamHe3i, Tak i B Tpymi MOpiBHSIHHSA. 30KpeMa,
cepel MaXOpPHUX KjacTepiB 1e: kiacrep #1 (2,5 % B
rpyni onpomiHeHux i 2,7 % B rpymi HeONPOMiHEHUX
xBopux), #2 (0,8 % i 1,7 %), #C3 (0,8 % 1 0,7 %), #4
0.8%i1%),#5(0,8% i1 %), #6 (0,8 %i1,7 %), #16
(0,8% 10,3 %), #28A (0,8 % 10,3 %) i #64B (0,8 % i
0,3 % BignoOBIAHO).

OpHak, CTepeoTUITHI BUMAAKUA cepell ONPOMiHEHUX
xBopux Ha XJIJI Oynu 6inbil pisHOMaHITHUMU. TinbKu
MOCiAOBHOCTI KjacTepy #1 OyJM BUSIBJIEHI Y TPbOX
XBOPUX, BCi iHIII KJIacTepu Oy/iu npeacTaBieHi OOHUM
BUMAIKOM KOXeH. SIKI10 B rpymi mopiBHAHHS 154 cTe-
pPEOTUITHI BUITAAKU OyJIM BimHeceHi mo 123 xkiacTtepiB
(16 i3 123 xmacTepiB MicTUIN GiTbIIIE OMHIET TOCTITOB-
Hocti, 13,0 %), TO B IpyIli ONPOMiHEHMX XBOPUX Ha
XJIJT 54 cTepeoTUITHi BUTIaIKKU HaJIeXKaJIu 10 52 pi3HUX
KJlacTepiB. (Juiue oauH Kjactep #1 MicTuB Oiiblie
onHiel mocaimoBHocTi, 1,9 %; p = 0,02). Kpim Toro, ce-
pen yyacHukiB JIHA He BUsiBIeHO BUNTAAKiB KJIacTEpiB
#6, #7C2 Ta iXHIX caTeJiTiB.

Acouiauia BPK ctepeoTunii 3 KjliHiYHUMU Ta
OionoriyHMMKM xapakTepucTukamm
Kniniuni nani
XBopi Ha XJIJT 3 UM IGHYV renamu nopiBHSIHO 3 XBO-
pumu 3 ekcnpeciero M IGHV reniB yacritiie Maiu Oibii
PO3TOPHYTY CTailo 3axBoproBaHHs 3a Binet (p = 0,001)
Ta BUIIWM iHiiaTbHUIM JeliKoluTo3 (MeniaHa 32,0 mpo-
™ 18,9 x 10°/1; p = 0,001). INauieHTn, gKi HajgexXamIu
J0 kjactepa #4, OyJu MOJOAILIMMU MOPIBHSIHO 3 iH-
My namieHtamu (p = 0,017) (taba. 3).

3a yac criocTepexkeHHs (MeaiaHa 77,5 micsug, giama-
30H 3—295 micauis) 326 xsopux Ha XJIJI (79,1 %) or-

Ta6nuusa 3

non-exposed CLL patients. Namely, among the
major subsets there were subset #1 (2.5 % in IR-
exposed and 2.7 % in IR non-exposed), #2 (0.8 %
and 1.7 %), #3C3 (0.8 % and 0.7 %), #4 (0.8 % and
1 %), #5(0.8 % and 1 %), #6 (0.8 % and 1.7 %), #16
(0.8 % and 0.3 %), #28A (0.8 % and 0.3 %), and
#64B (0.8 % and 0.3 % correspondingly).

However, the stereotypical cases among IR-
exposed CLL patients were more variable. Only sub-
set #1 was identified in three cases, the remaining
subsets contained only one sequence in this group of
patients. If in the group of IR non-exposed CLL
patients 154 stereotyped cases were included in 123
subsets (16 of 123 subsets contained more than one
sequence, 13.0 %), in the group IR-exposed CLL
patients 54 stereotyped cases belonged to 52 differ-
ent clusters (only one subset #1 contained more than
one sequence, 1.9 %; p = 0.02). In addition, no cases
of subsets #6, #7C2 and its satellites were found
among clean-up workers.

The association of BCR stereotypy with
clinical and biological characteristics
Clinical data
CLL patients with UM IGHV genes compared
with patients with M IGHYV genes were more likely
to have an advanced stage at Binet (p = 0.001) and
a higher initial leukocyte count (median 32.0 vs
18.9x10°/L; p=0.001). Patients belonged to subset #4
were younger compared to other patients (p = 0.017)
(Table 3).

During the observation (median 77.5 months,
range 3—295 months) of 326 CLL patients (79.1 %)

KniHiuHi i MonekynapHi xapakTepucTUKU XBOPUX 3 eKcnpecielo MyToBaHux i HemyToBaHux IGHV reHiB Ta Hait6inbLw

npepcTaBieHUx cTepeoTunHux knacrepie [n (%)]
Table 3

Clinical and molecular parameters of patients with mutated and unmutated IGHV genes and belonged to the

most represented stereotyped clusters [n (%)]

MapameTpu UM IGHV MIGHV  Knactep #1 Knactep #6 Knactep #2, Knactep #4
Characterictics UM IGHV, M IGHV Cluster #1 Cluster #6 Cluster #2 Cluster #4
KinbkicTb xBopux / Total 279 (100) 133 (100) 11 (100) 6 (100) 6 (100) 4(100)
Bik / Age 57,28+0,55 58,35+0,88 59,16+1,51 62,16+4,14 52,33+3,05 46,25+3,42
Crarb, yonosiku / Gender, male 215 (77,1) 92 (69,2) 6 (54,5) 4 (66,7) 5(83,3) 2 (50,0)

A cTapis 3a Binet / Binet A stage 113 (40,5) 85 (63,9) 4(36,4) 2 (33,3) 3(50,0) 2 (50,0)
Neikoumtos >20 x 10%n // WBC count >20 x 10%1 187 (67,0) 63 (47,3) 9(81,1) 4 (66,7) 3(50,0) 1(25,0)
ATA / AIHA 39 (14,0) 8 (6,0) 1(9,1) 0 3(50,0) 0
NOTCH1 mytauji / NOTCH1 mutations 36/222 (16,2) 1/100 (1) 4/9 (44,4) 1/6 (16,6) 1/6 (16,6) 0/4 (0)
SF3B1 myTauji / SF3B1 mutations 17/150 (11,3) 6/88 (6,8) 0/7 (0) 0/3 (0) 3/6 (50,0) 0/4 (0)
TP53 myTauii / TP53 mutations 22/163 (13,5) 6/92 (6,5) 1/8 (12,5) 0/4 (0) 0/4 (0) 0/3 (0)
TTT, menjana, Micsui / TTT, median, months 10 50 7 13 6 228

0S, mepjaHa, micsi / OS, median, months 70 143 111 53 133 328
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pumanu Teparito nepiioi JiHii. [Tepion TTT OyB 3Ha4HO
KOpPOTIIUM Y TalieHTiB 3 ekcripecieto UM IGHV reHiB
nopiBHsHO 3 nauieHTamu 3 M IGHV reramu (p = 0,001).
Binminnocti B TpuBanocti TTT y naiieHTiB, SKi Hajgexa-
JIA 10 Pi3HUX CTEPEOTUITHUX KJIACTEPIB, BpaXOBYIOUU MY-
tauiinuii ctatyc IGHV reHiB, OyluM HEIOCTOBIPHUMM,
LIBUALIE 3a BCE, Yepe3 MaJly KiJIbKiCTh BUIAJIKIB Y KOX-
HoMy KiacTepi. Jlume xBopi kmacrepy #4 Maniu TeH-
ngeHuito Matu goBuuit TTT nopiBHSIHO 3 XBOPUMU KJTac-
tepy #2 (p = 0,057).

VY namriii koropti xBopux Ha XJIJI Oyno BusBieHo 47
namienTiB 3 AT'A (11,4 %). Lle yckiagHeHHSI pO3BUHYJIOCH
y 13 mauieHTiB mo moyvatky JikyBaHHS XJIJI ta y 34
MNaLi€HTIB — Mic/s moyarky Teparii. AI'A yacriliie 3ycTpi-
yajiach y nauieHTiB 3 ekcrnpeciero UM IGHV reniB (39 Bu-
nankiB (13,9 %), nopiBHsAHO 3 8 Bunagkamu (6,0 %) npu
M IGHV renax; p = 0,017). Haii6inbiua yactota AI'A Oyna
BUSIBJIEHA Y XBOpUX Kiiactepy #2 (y 3 i3 6 Bunankis, 50 %)
TMOPIiBHSIHO 3 IHIINMU XBOpUMHM 3 ekcripeciero M IGHV
reHiB (5 i3 127 myToBaHMX BUIIAAKIB, 3,9 %), p =0,001. 3a
ekcrnpecieto UM IGHV reHiB cepen xBopux Ha XJIJI 3
ATA, Ha BigMiHy Bia nauieHTiB 6e3 AI'A, yacTilue BUSIB-
s renu IGHV4-59 (12,8 % npotu 2,5 %; p = 0,002) i
IGHV3-11 (12,8 % nipotu 3,3 %; p = 0,009), He3anexKHO
Bin ctepeoturii BKP.

He BusiBiieHO 4iTKUX 3B’s13KiB MiX cTepeoturtiero BKP
1 PO3BUTKOM Yy XBOPUX BTOPMHHUX MYXJIMH a00 TpaHC-
dopmatii Pixrepa. Crig 3a3Ha4nTH, 1110 B HAllliil KOTOPTi
BUIAIKIB KJIacTepy #8, 3a SKMM pU3UK TpaHchopMallii
Pixtepa nigBullieHuii, He 3HaiiaeHO [22].

Myranii NOTCHI1, SF3B1, TP53 renis

Myrauii rena NOTCH 1 6ynu pociimxeHi y 322 XBopux
Ha XJUJI. InentudikoBaHo 37 myrtauiit, 34 3 akux Oyau
npencrtabieHi npeneuieio c.7544 7545delCT, a Tpu BuU-
nagku — wmytauismMu B giagHui  3’UTR  rena
(139390152T>C - nBa Bunaaxku i 139390145T>C - onuH
BUIanokK). binpuricte myrauiii rena NOTCHI (97,3 %)
oyno BusgsieHo y mauieHTis 3 XJIJI 3 UM IGHV renamn.
JIne ogun Bumnanox mytaiiii reHa NOTCH ] 0yB BusIB-
JieHuit y mauienta 3 M IGHV renamu (knactep #2). Ce-
pen BumankiB XJIJI 3 ekciipecieto UM IGHV reniB yac-
tota myraunii reHa NOTCH He Binpi3Hsacd y BUIIaI-
Kax 3i CTepeoTUITHUMU YU TeTePOre HHUMU TTOCITiIOBHOC-
tamu (17,4 % i 14,9 % sinnosigHo; p = 0,614). OnHak,
cepel CTepEOTUITHMX BUIIAIKIB 4YacTOTa MyTalliii TeHa
NOTCH1 6yna 3HayHo Buuoo (42,3 %) y Bunagkax 3
excrpeciero UM IGHV reniB knany I, kpim rena IGHV I-
69, nopiBHstHO 3 iHmMMu UM IGHV renamu, p = 0,001
(puc. 3). VY wiit migrpyni myrauii rena NOTCHI GOynu
MpUCyTHi B 7 3 19 BusiBnieHux kiactepiB (36,8 %), a came

receiving first-line therapy. TTT period was sig-
nificantly shorter in patients with UM I[IGHV
genes compared with patients with M IGHV genes
(p = 0.001). Differences in TTT duration in pa-
tients belonged to different stereotyped subsets,
taking into account the mutational status of IGHV
genes, were insignificant, most likely due to the
small number of cases in each subset. Only cluster
#4 tended to have a longer TTT compared to sub-
set #2 (p = 0.057).

Forty-seven patients with AIHA (11.4 %) were
identified in our CLL cohort. AIHA developed in
13 patients before the start of CLL treatment and
in 34 patients- after the start of the therapy. AIHA
was more common in patients with UM IGHV
genes (39 cases, 13.9 % compared with eight cases,
6.0 %, in M CLL cases; p = 0.017). A remarkable
frequency of AIHA was found in subset #2 (three
of 6 cases; 50 %) compared to other M IGHV cases
(five of 127 M cases; 3.9 %), p = 0.001. Among
UM IGHV cases CLL patients with AIHA in con-
trast to patients without AIHA more often expres-
sed IGHV4-59 (12.8 % vs 2.5 %; p = 0.002) and
IGHV3-11 (12.8 % vs 3.3 %; p = 0.009) genes,
regardless of BCR stereotypy.

No clear associations were found between BCR ste-
reotypy and the development of secondary tumors or
Richter transformation. It should be noted that there
were no cases of cluster #8 in our cohort, in which the
risk of Richter transformation is increased [22].

Mutations of NOTCH1, SF3B1, TP53 genes

NOTCHI mutations were studied in 322 CLL
patients. Thirty-seven mutations have been identi-
fied, 34 of them were represented by a
c.7544 7545delCT deletion, and three cases by a
mutations in the 3’UTR region of the NOTCH I gene
(139390152T>C, two cases and 139390145T>C,
one case). Most NOTCH I mutations (97.3 %) were
detected in CLL patients with UM IGHV genes.
Only one case of NOTCH I mutation was found in a
patient with M IGHV genes (subset #2). Among
CLL cases with UM IGHV genes, the frequency of
NOTCHI mutations did not differ in cases with
stereotyped BCR and heterogeneous sequences
(17.4 % and 14.9 %, correspondingly; p = 0.614).
However, among the stereotyped cases, the fre-
quency of NOTCHI mutations was significantly
higher (42.3 %) in cases with expression of UM
IGHV clan I genes, except IGHV1-69, comparing to
others IGHV genes, p = 0.001 (Fig. 3). In this sub-
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Figure 3. The frequencies of NOTCH1 mutations in CLL cases with expression of UM IGHV genes of different

phylogenetic clans

y ckJani kiuactepiB #1 (wotupu 3 nes’sitv, 44,4 %),
#28A (nBa Bunagku, oouasa NOTCH I-myTtoBaHi), #59
(omuH 3 1BOX), #117A, #96, #99, #V1-2|16|22|2 (110 0o~
HOMY BMITaIKy B KOoXHOMY i Bci NOTCH I-myToBaHi).
Cepen cTepeoTUNTHUX BUMAAKiB 3 ekcrpeciero UM
IGHVI-69 rena NOTCHI wmyrtaliii Oynu BUSIBICHI B
KjiacTepax #6 (oguH i3 ImecTy BuUnamkis, 16,7 %),
#9E4, #V1-69/J621|15, #V1-69]J6]25 |2, #V1-69|J6/|22|1
i #V1|J6[19|1 (1m0 omHOMY BMIAAKy B KOXHOMY i BCi
NOTCH I-myToBaHi), Bcboro — y 6 i3 41 BUSIBJICHUX
kjacrepiB 3 ekcnpeciero UM IGHV1-69rena (14,6 %).
Myrarii reHa SF3B1 6ynmu gocmimkeHi y 238 XBopux
3 XJIJI. Maiixe Bci imeHTtudgikosani SF3BI1 myrauii
(22/23, 95,6 %) Oynu TeTepO3UTOTHUMM MiCCEHC-
3aMiHaMM, i TiIbKM OJHA MpeacTaBlieHa AeJelielo
€.2352-2360del9. He BusBiIeHO BiAMiHHOCTEl y pO3-
noxini SF3B1 MyTaliiii 3aJ1e>KHO Bil MyTaliifHOTO cTa-
tycy IGHV reHiB (p = 0,364) abo iX HaJI€KHOCTI 10 TO-
ro 4y iHworo dinoreHeTuyHoro kiaaHy (p = 0,448).
HaitBuia wacrora myrauiit rena SF3B1 Oymna BusiBiie-
Ha y MOCTiZOBHOCTSIX KJacTtepy #2 (y TpbOX i3 IIecTh
BunankiB; 50 %) MOpiBHSHO 3 iHIIMMU BUITAIKAMK
(8,6 %), p = 0,013. Ha xanb, SF3BI myratiii 6yi1u 10-
CJIJIKEHi JIMIle B OJHOMY 3 JBOX BUIIQAKiB KJjacTepa
#3C2 Ta B oMHOMY 3 TPbOX BMITIaJKiB Kiaactepa #3C3.
B 060x Bunaakax SF3B 1 myTalii Oyv BUSBJIECHI.
Myrauii reHa TP53 Oyau nocmiakeHi y 255 naiieHTiB
3 XJUJI Ta BustBneni y 28 xBopux. Toxi sk 7P53 myTarii y

group, NOTCH I mutations were present in 7 of 19
detected clusters (36.8 %), namely: clusters #1 (four
of nine, 44.4 %), #28A (two cases, both NOTCH I-
mutated), #59 (1 of 2), #117A, #96, #99, #VI-
2|J6[22|2 (one case in each and all NOTCH I-mutated).
Among stereotyped cases with UM IGHVI-69 gene
expression NOTCH I mutations were found in clusters
#6 (one of six cases, 16.7 %), #9E4, #V1-69/J6|21|15,
#V1-69J6[25)2, #V1-691J622|1, and #V1[J6[19|1 (one
case in each and all NOTCH I-mutated), in total - in 6
of 41 detected clusters (14.6 %).

SF3B1 mutations were studied in 238 CLL
patients. Almost all identified SF3BI mutations
(22/23, 95.6 %) were heterozygous missense substi-
tutions and only one in-frame deletion c¢.2352-
2360del9 was detected. No differences in the distri-
bution of SF3B1 mutations depending on the muta-
tional status (p = 0.364) or different phylogenetic
clan IGHV genes expression (p = 0.448) were found.
A higher frequency of SF3B1 mutations was revealed
in subset #2 (three of 6 cases; 50 %) compared to
other cases (8.6 %), p = 0.013. Unfortunately,
SF3B1 mutations were investigated only in one of
two cases of cluster #3C2 and in one of three cases of
cluster #3C3. In both cases SF3BI mutations were
revealed.

TP53 mutations were studied in 255 CLL patients.
Overall, TP53 mutations were detected in 28 CLL
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xBopux Ha XJIJI rpynu MOpiBHSHHS MEpeBaXan 3a
excrpecii UM IGHV renis (15,1 % nipotu 3,6 % y Bunan-
kax 3 M IGHV renamu; p = 0,013), y manienrin 3 XJLJI, ski
Manu B aHaMmHe3i BruiuB IB, yactora 7TP53 myTtauiii y Bu-
nagkax 3 UM i M IGHV renamu He BinpisHsiach (11,4 %
npotu 10,8 %; p = 0,923). He Oys10 BUSIBIIEHO 3B’SI3KY I10-
aBU MyTaliii reHa TP53 3i crepeornttieio BKP sk y 3a-
ranbHii koropti XJIJI (p = 0,690), cepen maiieHTiB, sKi
3a3Haym BrummBy IB (p = 0,767), Tak i cepen HeorpoMiHe-
Hux xBopux (p = 0,425).

3arajibHe BIKHBAHHS

3a niepion crnocrepexkeHHs nomep 301 nauieHT. MeaiaHa
OS cranoBuia 84 micsii. @akropu, sIKi Oy OB sI3aHi 3
OS npu ogHOhaKTOPHOMY perpeciiitHOMy aHaTi3i, HaBee-
Hi B Ta0J1. 4. OnHUM i3 HUX Oyna ekcrpecis reHa IGHV3-21
He3aliexkHo Bin crepeotunii BKP: Mmeniana OS craHoBUIa
133 Mic. y XxBopuXx KiacTepy #2 (BCi BUIaIKM eKCrpecyBa-
mm M IGHV3-21 ten) Ta 73 Mic. y BUITagKax 3 eKCIPecieio
rereporeHHoro M IGHV3-21 rena (p = 0,131).

IIpu MysnbTHBapiaHTHOMY aHaMi3i (TOeTaMTHUIA METOT)
HacTyIHi akTopu Oyau acouiiioBani 3 OS: KjiHiuHa
cragis (Binet A vs Binet B—C; p = 0,001), my-
tauiiHuit cratyc IGHV reniB (p = 0,001), excrpecis
reHa IGHV3-21 (p = 0,001), iHimiaTbHUN JTEHKOUMTO3

patients. While 7P53 mutations in IR-non
exposed CLL patients had tendency to be clus-
tered in UM IGHV cases (15.1 % vs 3.6 % in M
IGHYV cases; p = 0.013), in IR-exposed CLL
patients the distribution of 7P53 mutations among
UM and M IGHYV cases did not differ (11.4 % vs
10.8 %; p = 0.923). No association with BCR stereo-
typy was found both in total CLL cohort (p = 0.690),
among IR-exposed patients (p = 0.767) or among
IR-non exposed patients (p = 0.425).

Overall survival
During the observation period 301 patients died. Me-
dian of OS was 84 months. Factors, that were associ-
ated with OS in univariate analysis, are listed in Tab-
le 4. One of the factors was expression of IGHV3-21
gene regardless BCR stereotypy: median of OS
was 133 months in cluster #2 (all cases expressed
M IGHV gene) and 73 months in cases with expres-
sion of heterogeneous M IGHV3-21gene (p =0.131).
In multivariate analysis (method forward step-
wise), the following factors were predictive for OS:
clinical stage (Binet A vs Binet B—C; p = 0.001),
mutational status of IGHV genes (p = 0.001),
IGHV3-21 expression (p = 0.001), initial leukocyte

Ta6nuus 4
®akTopu, noB’A3aHi i3 3aranbHUM BMKUBAHHAM xBOopux Ha XJIJ1 npu oaHoakTOpHOMY aHanisi
Table 4
Factors, associated with overall survival of CLL patients in univariate analysis
Megiana OS, 95 % poBipunii
MokasHuku micsaui iHTepBan, micaui
Parameters Median of overall 95 % ClI,
survival, months months

MyTauiithuin ctatyc IGHV renis MYTOBaHI 143 104,8-181,2 0.0001
Mutational status of /GHV genes HEMYTOBaHi 84 61,5-78,5 ’
Crapis 3a Binet A 125 108,7-141,3
Stage by Binet B 66 55,2-76,7 0,0001

C 36 26,8-45,2
IHiLjanbHmiA nerkoumTo3 <20x10%n // <20 x 10% 133 115,8-150,1 0.0001
Initial leukocyte count >20x10%n // > 20 x 10/ 62 53,0-70,9 '
Bik < 65 pokiB / years 97 84,6-109,4 0.0001
Age > 65 pokis / years 50 35,8-64,2 ’
Crartb xiHka / female 102 75,3-128,7 0.026
Gender 4onoBik / male 79 69,2-88,8 ’
SF3B1 myTauii Hemae / no 107 85,7-128,3 0.018
SF3B1 gene mutations €/ yes 69 455-92,5 ’
TP53 myTaui Hemag / no 103 81,9-124,1 0.022
TP53 gene mutations €/ yes 58 23,0-92,9 ’
Excnpecist IGHV3-21 reHa y M IGHV Bunapkax HeMmae / no 174 121,2-226,8 0.007
IGHV3-21 gene expression in M IGHV cases €/yes 97 44,6-149,4 ’
Excnpecisi IGHV3-21 rena y UM IGHV Bunaakax Hemae / no n 62,2-79,6 0.017
IGHV3-21 gene expression in UM IGHV cases €/ yes 43 15.1-80.9 ’
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(<20x10°/mmpotu > 20 x 10°/71; p = 0,001), Bik (< 65 po-
KiB mIpoTH > 65 pokiB; p = 0,001), cTath (40710BiK/3KiHKa;
p = 0,004), SF3B1 myrauii (p = 0,024) ta TP53 myrariii
(p =0,051).

Taki bakTopu, sk NOTCH I myTallii, HaJIeXXHiCTb MOCi-
JIOBHOCTEM 10 KjacTepy #2 abo kjactepy #4, Oyau He3Ha-
yyimuMu. BigMiHHOCTEH y TpUBaIOCTi 3araibHOTO BUXKM -
BaHHSI XBOPpUX, SIKi HaJIeXKalk 10 Pi3HUX KJIacTepiB, Bpa-
XoBytouu MyTauiitHuit ctaryc IGHV reHiB, He BUSIBIIEHO.
Jluie xBopi Kinactepy #4 mMaau TeHACHLIIO 10 OiIbILIOTo
OS nopiBHSHO 3 XxBopuMU Kiactepy #2 (p = 0,09).

IToka3HMKM 3araTbHOTO BUXKMBAHHS OITPOMIHEHUX i He-
OIPOMiHEHMX XBOpMX Oyar Onu3bkumu (MemiaHa 105 Tta
79 micauis BignosigHo; p = 0,088). ¥V Bunankax 3 M IGHV
reHaMy HaulieHTH, ki Magu BB 1B B aHamHe3si, 3a
ekcrpecii crepeotunnHux BKP Manu TeHaeH1io 1o 6iib-
ol TpuBajocTi OS y MOpiBHSIHHI 3 TAlliEHTaMU 3 TeTEPO-
renHuM BKP (328 micauiB npotu 167 Micauis, p = 0,09).
Iammx BigMminHOCTEH y TpuBaiocTi OS 3ajekHo Bif cTe-
peoturii BKP He 3HaiigeHO K y ONIpOMiHEHUX, TaK i He-
OIPOMiHEHUX XBOPUX.

OBI'OBOPEHHAA

YacroTa crepeorunHux BumnaiakiB XJIJI B ykpaiHCBKiit
KOTopTi Oysa BUcOKoIO i gocsarana 50,5 %. CniBBigHO-
IIEHHSI MaXKOPHUX i MiHOPHUX KJIACTepiB, a TAKOX Yac-
TOTa OKPEMUX KjacTepiB Oyau HOPIBHSIHHUMU 3 JaHUMU
JliTepaTypu 3a AeSIKMMU BUHSITKAMU.

Ilo-nepuie, B yKpaiHCBbKili KOTOpTi Oyja BHUsBIECHa
HU3bKa 4YacTOTa KjacTtepy #2: ideHTU(iKOBAHO JMILIE
mricTsb (Bci 3 M IGHV reHamMn) BUNIaAKiB, 1IIO CTAHOBUTH
1,45 % ob6cTexkeHUX XBOPUX MOPIiBHAHO 3 2,51 % y cITijib-
Hill €BpoMeichKO-aMePUKAHCHKI KOropTi XBOpPUX Ha
XJIT [6]. [1pu upomy yacrota IGHV3-21 rena (~ 4,4 %)
y LIMX JBOX KOTOpTax He BigpizHsuiacs. [deTanbHuit
aHauti3 maHux Agathangelidis Ta criiBaBT. [6] IMoKa3as, 1110
HaliBMIIA YacToTa KjacTtepy #2 crocrepiraiach y Benu-
kobpuranii (5,07 %), Hinepnaugax (4,67 %), LlBewii
(4,43 %), nisuiyniii Himewuuni (4,17 %), Toxi sk y Ma-
kenoHnii, Ipeuii, Cepbii BoHa ckiamana meHiue 1 %.
Hami nani 6ynu 67113bKi 10 yacTotu Kiactepy #2 B Pocii
(1,57 %) [6]. Kpim Toro, y Haliii KOropTi He Oy 3Haii-
JIeHi OyIb-sIKi TTOCTiZOBHOCTI CcaTeiTiB KiacTepy #2.

Takox He Oyi0 BUSIBJIEHO BUITAAKIB, 110 HaJIEXKaIU 10
Kjacrepy #8 abo itoro carenitiB, a yacrora IGHV4-39
reHa Oyya HIXK4010 (2,2 %), HixX Yy CIiIbHil €BPONeiich-
KO-aMepuKaHChKii koropti XJIJI (~ 4%).

Yacrora excnpecii reHa IGHV3-23 y Hauiii Koropri
Oyna 3HMKeHa (9 Bunaakis; 2,2 %), i muiie onqHa IGHV3-
23-103UTHBHA MOCIiT0OBHICTh Masia cTepeoTunnHuii BKP
(kmmactep #V3|J4/13[46).

count (< 20 x 10°/1 vs > 20 x 10°/1; p = 0.001), age
(£ 65 years vs > 65 years; p = 0.001), gender (ma-
le/female; p = 0.004), SF3B1 mutations (p = 0.024),
and TP53 mutations (p = 0.051).

Factors such as NOTCH 1 mutations, belonging
of sequences to cluster #2, and cluster #4 were
insignificant. Taking into account the mutational
status of IGHV genes, no differences in OS were
found in patients from different clusters. Only
cluster #4 tended to have a longer OS compared to
subset #2 (p = 0.09).

OS of IR-exposed and IR-non exposed pa-
tients was similar (medians 105 and 79 months,
correspondingly; p = 0.088). In M IGHYV cases,
IR-exposed patients with stereotyped BCR
demonstrated a tendency to longer median OS
compared to patients with heterogenous BCR (328
months vs. 167 months, p = 0.09). No other differ-
ences in OS depending on BCR stereotypy (both
in group of IR-exposed or IR-non exposed
patients) were found.

DISCUSSION

The incidence of stereotyped CLL cases in
Ukrainian cohort was high and reached 50.5 %.
The ratio of major and minor clusters as well as the
frequency of individual clusters was comparable
with reported data with some exceptions.

First, a low incidence of subset #2 was found:
only six (all /GHV-mutated) cases, representing
1.45 % of the entire group, were identified com-
pared to 2.51 % in joint European-American CLL
cohort [6]. At the same time, the IGHV3-21 fre-
quency (~ 4.4%) in these two cohorts did not dif-
fer. A detailed analysis of Agathangelidis’s data
showed that the highest frequencies of subset #2
were observed in UK (5.07 %), the Netherlands
(4.67 %), Sweden (4.43 %), in northern Germany
(4.17 %), while in Macedonia, Greece, Serbia
they were less than 1 %. Our data were close to the
frequency of subset #2 in Russia (1.57 %) [6].
Also, any satellites to subset #2 were found in our
cohort.

Next, no cases belonged to subset #8 were
found, and the frequency of IGHV4-39 gene was
lower (2.2 %) than in joint European-American
CLL cohort (~ 4%).

IGHV3-23 gene was underrepresented in our
cohort (9 cases; 2.2 %) and only one case had
stereotyped BCR (subset #V3|J4|13/46).
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KpiMm Toro, yacrora miHopHoro kiacrepy #V4|J4.5.6/18|5
cra”HoBmia 0,73 % y Haliii Koropri, 110 B 25 pa3siB nepe-
uiryBaia ii gacroty (0,029 %) 3a manumu Agathan-
gelidis Ta criiBaBrT. [6].

Hami pe3ynbraty BKa3yloTh Ha 3HaYHY YacTOTY CTepPEO-
TUMHMX BUNaAKiB y xBopux Ha XJIJI i3 BriuBoMm IB B aHam-
He3i, sIKa CYTTEBO HE BiApPi3HsUIACh BiJ 4aCTOTU CTEPEO-
TUMII B TpyITi NopiBHSAHHS Ta B iHmmx XJIJI koroprax [6].
BusiBneHumMu BiIMiHHUMU puUcaMy OINPOMiHEHUX XBO-
pux Oysnu: 1) omHaKOBa 4acTOTa CTEPEOTUITHUX KJlacTe-
piB cepen BunaakiB XJIJI 3 MyroBaHUMU i HEMYTOBaHMU-
mu IGHYV renamu (p = 0,557); 2) BiACyTHiCTb IOCTO-
BipHUX po30ixkHOcTeil B peneptyapi IGHV reniB cepen
CTEPEOTUNHUX i reTeporeHHMX BumankinB (p = 0,508);
3) «TeTepOreHHICTh» CTEPEOTUITHUX BUMAAKIB: BCi iIeH-
TU(}IKOBaHi KJacTepu, 3a BUHITKOM Kjactepy #1, Oynu
MpeACTaBlIeHi OMHUM BUMAIKOM.

BinbLIicTh KIiHIYHUX MOKa3HUKIB xBopux Ha XJIJI Oynu
noB’sg3aHi 3 MyTauiitHuM cratycoMm IGHV reHiB, a came:
CTajlisl 3aXBOPIOBAaHHSI, iHilliaJIbHUI JIEMKOIIMTO3, PO3BU-
Tok ATA, TpuBanicts nepiogy TTT, OS. Ix 38’30k 3i cTe-
peotuniero BKP 0yB cnadkimum. Cepen cTepeoTUTHUX
BumnanakiB 3 excripeciexo UM IGHV reniB | knany (xpim
reHa IGHVI-69) yactiie 3yctpivanuch NOTCH I myraniii.
Haii6inbin oueBruaHUM 1€ OyJ10 11 BUITQAKiB KjacTepa
#1, akuii € ocHOBHMM Yy Wil miarpymni. Cepen XBOpUX
kiactepy #2 wacrime miarHoctyBamu AIA (p = 0,001
MOPIBHSIHO 3 iHIIMMY BUIIaAKaMu 3 ekcripeciero M IGHV
reHiB) ta mytauii reHa SF3FI (p = 0,013 mopiBHSIHO 3
iHIMMUY Bunaakamu). KpiM Toro, nauieHTH Kjiacrepy #2
Mmanu HaiiMmeHiny tpuBanicte TTT mepiomy cepen Bcix
XBOPHX Y KOTOPTi, XO4a BiIMiHHOCTI (3 OIJIsIIy Ha He3Hau-
HY KiJIbKIiCTb BUTNIAAKIB Y CKJIai KiaacTepy #2) He JOCSAIIn
piBHS CTaTUCTUYHOI 3HauyIocTi. I[TauieHTn knactepy #4
Ooymu monommmMu, Manu poBmmit mepiom TTT i OS
MOPiBHSHO 3 TalliEHTaMU KJ1acTepy #2.

Excnipecig okpemux /IGHV TeHiB He3aJIexKHO Bi cTepe-
otunii BKP Mana nomatkoBuii BrivB. Tak, ekcripecis re-
Ha IGHV3-21 6yna acouiiioBaHa 3 HU3LKMMHA TTOKa3HWKA~
MM 3arajbHOIO BVKMBAHHS TIPU YHi- Ta MyJIbTUBapiaHT-
HOMY perpeciifHoMy aHaJi3i. AT’A yacTilie 3ycTpiyajiach y
xBopux 3 ekcrpeciero UM IGHV4-591 IGHV3-11 reHiB.

OTtpuMmaHi HaMM JaHi y3TOIKYBaJINCS 3 pPe3ysIbTaTaMu
IHIIMX TOCTiAHMKIB. Sutton Ta criBaBT. [24, 25] BUaBuIn
nigBuiieHy yacroty NOTCHI mytauiii y knactepax #1,
#6, #8, #59 Ta SF3B1 mytauiil y kinactepax #2 i #3. Rossi
Ta criBaBT. [26] oxapakTepusyBanu Myralii reHa SF3BI
SIK TEeHETUYHY O3HaKy Kjactepa #2. Monoaiuii Bik maifi-
€HTIB KJ1acTepy #4 i MeH1a Tpuaiicts nepiogy TTT ma-
LieHTIB KJ1acTepy #2 Oyau BinzHaueHi Jaramillo Ta criB-
aBT. [27]. IcHyIO0TH pi3Hi gaHi OO HETraTUBHOTO ITPOT-

Further, the frequency of minor subset
#V4|14.5.6|18|5 was 0.73 % in our group, which was
25 times higher than its frequency (0.029 %) ac-
cording to Agathangelidis et al. [6].

Our results indicated a significant frequency of
the BCR stereotyped cases in IR-exposed CLL
patients that was comparable with IR non-exposed
patients and reported data [6]. There were also no
significant differences in the distribution of indi-
vidual stereotyped subsets. The distinctive features
found were: 1) comparable frequency of stereo-
typed cases among M and UM IGHYV genes cases
(p=0.557); 2) lack of differences IGHV gene reper-
toires among stereotyped and heterogeneous cases
(p = 0.508); 3) <«heterogeneity» of stereotyped
cases: all identified stereotyped clusters, with the
exception of cluster #1, consisted of one case.

Most clinical indicators of CLL patients were
associated with mutational status of /GHV genes,
namely: stage of disease, initial leukocyte count,
development of AIHA, duration of TTT period,
OS. Their association with BCR stereotypy was
weaker. Stereotyped cases with expression of UM
IGHYV clan 1 genes (except IGHV1-69 gene) were
more susceptible to the appearance of NOTCH/
mutations. It is most obvious for cases of cluster
#1, which was the main one in this subgroup.
Patients of cluster #2 are more likely to have AIHA
(p = 0.001 compared to other M IGHV cases) and
SF3FI mutations (p = 0.013 compared to other
cases), the lowest TTT in the cohort, although the
differences (in view of the small number of cases)
did not reach the level of significance. Patients of
cluster #4 were younger, tended to have a longer
TTT and OS compared to subset #2.

The expression of some /IGHV genes regardless of
BCR stereotypy had additional impact. Thus,
IGHV3-21 expression was associated with worse
OS in univariate and multivariate analysis. AIHA
was more common in patients with UM IGHV4-59
and IGHV3-11 genes.

The obtained data were consistent with the
results of other researchers. Sutton et al. [24, 25]
found increased frequency of NOTCH I mutations
in subsets #1, #6, #8, #59 and SF3B1 mutations in
subsets #2 and #3. Rossi et al. [26] characterized
SF3BI mutations as the genetic hallmark of subset
#2. The younger age of patients belonged to clus-
ter #4 and the shorter TTT of patients belonged to
cluster #2 were noted by Jaramillo et al. [27].
There are different data regarding the negative
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HOCTMYHOTO 3Ha4eHHsI ekcnpecii reHa IGHV3-21, sike Oy-
JIO BUSIBJIEHO B Halliii Koropti. He 3’gcoBaHo, 4u
noB’sg3aHo 11¢e 3 ycima IGHV3-21-03NTUBHUMUA Y1 JINIIIE
3i CTepeOTUIMHUMM BUMAAKAMU KiacTepa #2. 3a JaHUMU
Jeromin Ta criBaBT. [28], manieHTH Kiactepy #2 3 MyToBa-
Humu IGHV3-21 reHamu MalOTb MeHIy TpuBaitictb TTT
nepiony MOPiBHAHO 3 iHIMMMU MyToBaHUMU IGHV3-21-
No3uTUBHMMU BUnankamu. BogHouac Cahill i criiBaBT. [29]
MiOTBEPAWIM, 110 HETaTUBHUI MPOTHOCTUYHMI BIUIAB
ekcnpecii IGHV3-21 reHa Ha BUKMBaHHS XBOPUX HE 3a-
JiexaB Bil MyTaliiiHoro crarycy Ta ctepeoturtii BKP.

B winomy, BUSIBIEHiI po30iKHOCTI PO3IOIiIY CTepeo-
TUMTHUX BUMAAKIB B YKpaiHCHKii KOTOPTi XBOpMX Ha
XJIJI Haii6inpLI BiporigHO BimoOpaXKaloTh BILIUB T'eHe-
TUIHUX (HaKTOPiB, (PAKTOPIiB HABKOJIUIITHLOTO CEPEIO-
Buia (Bkitouyarouu it IB), Ta ix B3aemopito y MeBHiii re-
orpagiuHiii 30Hi.

CNMUCOK BUKOPUCTAHUX OAXEPEN

1. Developmentally restricted immunoglobulin heavy chain variable
region gene expressed at high frequency in chronic lymphocytic
leukemia / T. J. Kipps, E. Tomhave, L. F. Pratt et al. Proc. Natl. Acad.
Sci. USA. 1989. Vol. 86, no. 15. P. 5913-5917. doi:10.1073/
pnas.86.15.5913.

. Chronic lymphocytic leukemias utilizing the VH3-21 gene display
highly restricted VA2-14 gene use and homologous CDR3s: implicat-
ing recognition of a common antigen epitope / G. Tobin, U. Thunberg,
A. Johnson et al. Blood. 2003. Vol. 101, no. 12. P. 4952—4957. doi:
10.1182/blood-2002-11-3485.

. Remarkably similar antigen receptors among a subset of patients
with chronic lymphocytic leukemia / F. Ghiotto, F. Fais, A. Valetto et
al. J. Clin. Invest. 2004. Vol. 113, no. 7. P. 1008—1016. doi: 10.
1172/JCI19399.

. Multiple distinct sets of stereotyped antigen receptors indicate a role
for antigen in promoting chronic lymphocytic leukemia / B. T. Mes-
smer, E. Albesiano, D. G. Efremov et al. J. Exp. Med. 2004. Vol. 200,
no. 4. P. 519-25. doi: 10.1084/jem.20040544.

. Stereotyped B-cell receptors in one-third of chronic lymphocytic
leukemia: a molecular classification with implications for targeted the-
rapies / A. Agathangelidis, N. Darzentas, A. Hadzidimitriou et al.
Blood. 2012.Vol. 9, no. 19. P. 4467-75. doi: 10.1182/blood-2011-
11-393694.

. Higher-order connections between stereotyped subsets: implications
for improved patient classification in CLL / A. Agathangelidis,
A. Chatzidimitriou, K. Gemenetzi et al. Blood. 2021. Vol. 137, no. 10.
P. 1365-76. doi: 10.1182/blood.2020007039.

. B-cell receptor, clinical course and prognosis in chronic lymphocyt-
ic leukaemia: the growing saga of the IGHV3 subgroup gene usage /
M. Dal-Bo, I. Del Giudice, R. Bomben et al. Brit. J. Haematol.
2011. Vol. 153, no. 1. P. 3—14. doi: 10.1111/.1365-2141.2010.
08440.x

prognostic value of IGHV3-21 expression, which
was found in our cohort. It is unclear whether it is
associated with all /GHV3-21 cases or only with
stereotyped cases of cluster #2. According to
Jeromin et al. [28] patients of subset #2 with M
IGHV3-21 genes had a shorter TTT compared to
other M IGHV3-21 cases. In the same time Cahill
et al. [29] confirmed the poor outcome for IGHV3-
21 patients to be independent of mutational status
and found stereotypy to have no impact on sur-
vival.

In summary, revealed differences in distribution
of stereotyped subsets in Ukrainian cohort are
most likely to reflect variations in the genetic
background, environmental factors (including IR
exposure), and their interactions in different geo-
graphic areas.
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