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AHAJII3 EKCITPECII TEHA IGLV3-21 JETKUX JIAHITIOTIB
IMYHOIJIOBYJIIHIB Y XBOPUX HA XPOHIUHY JIM®OIIUTAPHY
JEUKEMIIO

MeTa: aHani3 yacTotu ekcnpecii reHa IGLV3-21 nerkux naHuorie imyHorno6yniHiB y XBOpUX Ha XpOHiYHy nimdouuTap-
Hy neiikemito (XJIJ1) Ta acouialin 3 KAiHiYHMM Nepebirom 3axBOPIOBaHHSA, 3 ypaxyBaHHAM pafialilHOr0 aHaMHe3y
nauieHTiB.
Metoau. [ocnigxeHHs npoBefeHo B rpyni 244 xsopux Ha XJIJI. OcHoBHa rpyna (n = 106) Bknto4Yana 84 y4yacHuKiB
nikeigauii Hacnigkis asapii (JIHA) Ha YopHobunbcbkint AEC, 16 mewkaHuiB Teputopiit YkpaiHu, KOHTaMiHOBaHUX
pafiioHyKniaamu, Ta 6 eBakyioBaHux oci6. [pyn nopiBHAHHA cknaganack 3 138 xBopux, AKi He Masn B aHaMHe3i LaHuX
WOA0 BNAMBY i0Hi3yto4oro BunpomiHeHHs (IB). [iarHo3 XJ1J1 BcTaHOBNEHMIA HA NifCTaBi KNiHIKO-reMaToNoriYHux aa-
HUX Ta pe3ynbTaTiB iMyHOMEHOTUNYBAHHSA KNiTUH nepudepnyHoi Kposi. MepebynoBa Nerkux naHutorie iMmyHorno-
6yniHis (IGLV) y 132 xBopux BU3HAueHa 3a AONOMOroio NoniMepasHoi naHulorosoi peakuii (MJIP) 3 HacTynHUM cekBe-
HyBaHHAM 33 BIOMED-2 npotokonom. ¥ 112 xBopux gocnigxysanu ekcnpecito IGLV3-21 reHa meTtogom MJIP y peanbHo-
My yaci. [JocnimKeHHA MyTaLiHOro CTaTyCy reHiB BAaXKUX NaHuoriB imyHornobyniHis (IGHV), myTauiit rexis TP53 i
SF3B1 npoBoauan metopom MJIP 3 HacTynHUM cekBeHyBaHHAM. CTaTUCTUUYHI JOCNIAXKEHHS NPOBELEHT 3 BUKOPUCTAHHS
nporpamHoro nakety SPSS software package, version 20.0.
Pe3ynbratu. IneHtudikosaHo 24 xsopux (9,8 %) 3 ekcnpecieto reHa /IGHV3-21. YactoTa ekcnpecii He Bigpi3Hanack B
OCHOBHit rpyni (6,5 %) Ta y rpyni nopiBHAHHA (12,5 %), p = 0,087. B ocHoBHii1 rpyni nepebyposa reHa IGLV3-21 Bu3-
HayeHa BUK/IOYHO cepep yyacHukiB JIHA. IGLV3-21-no3uTuBHi xBOpi Ta XBOpi 3 eKcnpeciet iHwux IGLV reHis Gynu
3iCTaBHi 3a CTaTTIO, BIKOM, ane yacriwe manu mytoBaHi (M) IGHV renn (66,7 % npotun 29,5 %; p=0,0001) Ta ekcnpecy-
Banu reH IGHV3-21 (37,5 % npotu 3,2 %; p = 0,0001). BussneHa nigBuieHa yactoTa myTauin SF3BT reHa cepep
IGHV3-21-no3nTuBHWX BUNagakKiB (47,4 % npotu 21,2 %; p=0,017). BogHouyac, yactota MyTaLin reHis TP53 (p = 0,596)
i NOTCH1 (p=0,286) He po3pi3Hanach 3anexHo Bif ekcnpecii pisHux IGLV renis. Cepep xBopux 3 M IGHV reHamu Tpu-
BanicTb nepiogy fo nporpecii (87 mic. npotn 156 mic. cepep IGLV3-21" Bunapkis; p=0,009) Ta 3aranbHOro BUXMUBAH-
HA (106 mic. npoTu 167 mic., BignoBigHo; p=0,021) 6ynu KopoTwmMm 3a ekcnpecii reHa IGLV3-21. 3a M IGHV reHiB He-
raTMBHMMK (HaKTOpPaMK NPOTrHO3Yy TPWUBANOCTI 3arasibHOMO BUMXMBAHHA NMPU NMPOBeEHHI MyNbTUBAPiaHTHOrO perpe-
CiilHOro aHani3y BM3HayeHo: cTadin 3a Binet, Bik > 65 years, ekcnpecis IGLV3-21 reHa; TpuBanocTi nepiogy Ao npor-
pecii: cTagis 3a Binet, excnpecis IGLV3-21 reHa Ta iHiuianbHuii neitkoumntos > 70 [/n. Pe3ynbtatn 6ynu nofibHi y xso-
pux 060x rpyn.
BucHoBku. OTpumaHi gaHi nigTBepAXYOTL HEraTUBHE NPOrHOCTUYHE 3HAYeHHA ekcnpecii reHa IGLV3-21 pns BU3Ha-
YeHHs TPMBANOCTI Nepiody A0 NPorpecii i 3aranbHOro BUKMBaAHHA y XBOpuX Ha XJ1J1 3 M IGHV reHamu, He3anexHo Bif
pagiayinHoro aHamHesy.
KniouoBi cnoBa: xpoHiuHa nimdouuntapHa neikemis; IGHVrenu; IGLV3-21 ren; aBapis Ha YopHoOunbebkiin AEC; nepiog
[0 nporpecii 3aXBOpPIOBaHHA; 3aranbHe BUXWBaHHA; SF3BT myTauii.
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THE IGLV3-21 LIGHT CHAIN ANALYSIS IN CHRONIC
LYMPHOCYTIC LEUKEMIA PATIENTS

Objective: to analyze the frequency of IGLV3-21 light chain expression in chronic lymphocytic leukemia (CLL) pa-
tients and correlate it with clinical outcome taking into account anamnestic exposure to the ionizing radiation (IR).
Methods. The study was performed in a group of 244 unselected CLL patients. The main group (n = 106) included
84 clean-up workers of the Chornobyl NPP accident, 16 inhabitants of radionuclide contaminated areas and 6 evac-
uees. The group of comparison consisted of 138 IR non-exposed patients. The diagnosis of CLL was based on clini-
cal history, lymphocyte morphology, and immunophenotypic criteria. The immunoglobulin light chain (/GLV)
rearrangements were analyzed by Sanger sequencing using BIOMED-2 protocol in 132 patients, and in 112 patients
the IGLV3-21 chain presence was tested with real-time PCR method. The immunoglobulin heavy chain variable (/GHV)
gene mutational status, 7P53 and SF3B7 mutations were studied by PCR followed by direct sequencing. Data were
analyzed with the SPSS software package, version 20.0.
Results. Twenty four (9.8 %) IGLV3-21-positive cases were identified. Its frequency did not differ in the main group
(6.5 %) and in the group of comparison (12.5 %), p = 0.087. In the main group, IGLV3-21 gene expression was deter-
mined exclusively among clean-up workers. IGLV3-21-positive patients and patients with expression of other IGLV
genes were comparable by gender, age, stage at diagnosis, but IGLV3-21+ cases more frequently had mutated (M) IGHV
genes (66.7 % vs 29.5 %; p=0.0001) and co-expressed IGHV3-21 gene (37.5 % vs 3.2 %; p=0.0001). A significant
predominance of SF3B1 gene mutations among IGHV3-21-positive cases (47.4 % vs 21.2 %; p=0.017) was revealed,
while the frequency of TP53 (p = 0.596) and NOTCH1 (p = 0.286) gene mutations did not differ depending on the
expression of IGLV genes. Among patients with M IGHV genes periods of progression-free (87 mo. vs 156 mo. in
IGLV3-21" cases; p = 0.009) and overall survival (106 mo. vs 167 mo., respectively; p = 0.021) were shorter in
IGLV3-21-positive cases. It has been showed that Binet stage, age > 65 years, and GLV3-21 gene expression were pow-
erful adverse prognostic factors for overall survival in CLL patients with M IGHV genes. Significant factors for predict-
ing progression-free survival were: Binet stage, IGLV3-21 gene expression and initial leukocytosis > 70 x 10°/L. These
data were common to patients of both observed groups regardless of radiation anamnesis.
Conclusions. Our data confirmed unfavourable prognostic value of IGLV3-21 for prediction of progression-free sur-
vival and overall survival in CLL patients with M IGHV genes, regardless of radiation anamnesis.
Key words: chronic lymphocytic leukemia; IGHV genes; IGLV3-21 gene; Chornobyl NPP accident; progression-free sur-
vival; overall survival; SF3B1 mutations.
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BCTVYII

PanioreHHicTh XpoHiuHOI1 JiMmpouuTapHoi Jeiikemii (XJLJI)
3aJIUIIAETHCS IUCKYCIAHUM MUTAHHSM, OJHAK B HU3LII eIi
JeMiOJIOTIUHUX AOCTiIKeHb BCTAHOBJIEHO TTiABUILIEHUN pU-
3uK po3BUTKY XJIJI 3a BIIMBY i0Hi3yl0UOT0 BUITIPOMiHEHHS
(IB) [1, 2]. Hami nmonepenHi nocaiiKeHHsI TOKa3aIu AesIKi
iMyHOreHeTH4Hi ocobnuBocTi XJIJI y XxBopux, sIKi 3a3HaIu
BBy IB BHachmigok amapii Ha YopHoOunbebKin AEC.
3oKpeMma, 11e 3HKEHHSI YacTOTU eKcnpecii reHa IGHV3-21
y BUNAAKaX 3 eKCIpeciero MyToBaHux (mutated, M) reHiB
BaXXKWX JIAHIIOTIB IMYHOTI00yIiHiB (immunoglobulin
heavy chain variable region, IGHV) [3, 4]. € nmaHi o0
acolliauii kjlactepa #2 crepeoTunHuX perentopis mpu XJLJI

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

INTRODUCTION

While the radiogenicity of chronic lymphocytic
leukemia (CLL) remains debatable, despite sev-
eral epidemiological studies showed an elevated
radiation-associated risk for it [1, 2]. Our previ-
ous studies revealed some immunogenetic fea-
tures of CLL in patients exposed to ionizing
radiation (IR) in consequence of the Chornobyl
NPP accident, in particular, a low representa-
tion of IGHV3-21 gene among mutated (M)
immunoglobulin heavy chain variable region
(IGHV) sequences [3, 4]. There are available
data that in CLL, the expression of subset #2
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(IGHV3-21/IGLV3-21), a TaKoXX HEMYTOBaHUX (Unmu-
tated, UM) IGHV reHiB 3 HEraTUBHMM IIPOIrHO30M 3aX-
BoptoBaHHs1 [5—7]. Kpim Toro, mnokasaHo, 110
ekcrpecisas IGLV3-2] reHa TakoxX TigBUIIEHA B TPYIIi
XBOPHUX BUCOKOI'O PU3UKY 3 HECTIPUSITIMBUM Iepedirom
XJIJI, He3anexxHo Bim MyTauiitHoro ctatycy IGHV reHiB
abo excripecii kactepa #2 [8].

META

MeTol0 HaIOTO AOCHIAXEHHS OyB aHalli3 4acTOTH
ekcripecii rena /GLV3-21 nerkux JaHLIOTIB iMyHOTJIO-
OyniHiB y xBopux Ha XJIJI Ta acouiamuiii 3 KIiHIYHUM
repediroM 3axBOPIOBaHHSI, 3 YpaxyBaHHSIM pamialliii-
HOro aHaMHe3y Mali€HTIB.

MATEPIAJIN 1 METOJIN

Koropta ob6ctexkenux xpopux Ha XJIJI Bkitouana 244
ocobu 3 npoayktuBHuM IGHYV peapanxyBaHHsaM (188
4yOoJIOBIKiB 1 56 xiHok) y Biui (57,35 £ 1,77) pokiB
(MeniaHa 57 pokiB), SIKi 3HaXOAUJIMCh Ha JIiKYBaHHI Y
BinaineHHi panmiauiiiHoi remaroJorii Y «HauioHanb-
HUIlI HAayKOBUI LIEHTP padialliiiHOl MeAULMHU, TeMa-
TOJIOri1 Ta oHKoJorii HalioHanbHOI akageMii Meauy-
Hux Hayk Ykpainn» (HHLIPMTI'O). JocnimkeHHs cxBa-
JIeHo KoMiTeToM 3 MeaudyHoi eTuku HHIIPMTIO. Jli-
arHo3 XJIJI BcTaHOB/IEHMI Ha MiACTaBi KJiHiKO-TremMa-
TOJIOTIYHUX JAHUX Ta pe3yJIBTaTiB iMyHO(MEHOTUITYBaH-
HSI KJIITUH niepudepudHoi KpoBi. Ctazis 3aXBoproBaH-
HsI BCTaHOBJIOBalach 3a Kiacudikauigsmu Rai [9, 10]
i Binet [11].

OcHoBHa rpyna (n = 106) Bxiroyana 84 ydyacHUKHU
JikBimanii HacaigkiB aBapii (JIHA) Ha YopHOOMIBCHKIM
AEC (71 — yyacauku JIHA 1986 p., perrta — yaacCHUKHA
JIHA 1987—1989 pp.), 16 MelIKaHLiB TepuUTOpiii YK-
paiHM, KOHTaMiHOBaHMX pamioHyKJigaMu, Ta 6 eBa-
KyiioBaHUX 0ci0. [pyna rmopiBHSIHHS cKiaganach 3i 138
XBOPUX, SIKi He MaJIi B aHAaMHe3i JaHWX IIOAO0 BIUIMBY
ioHizytouoro BunpomiHeHHs1 (IB).

Ienomny JIHK 151 reHeTMMHUX AOCTiIXKEHb OTPUMY-
BaJIM 3 MOHOHYKJIeapiB meprugepuuHoi KpoBU, BUKO-
puctoBytoun QIAamp Blood Mini Kit (Qiagen, UK).
Myrtauiiinuii ctatyc IGHYV reniB Bu3Havanu 3a g01o-
MOTOIO TIoJTiMepa3Hoi maHiorosoi peakuii (ITJIP) 3
HACTYITHUM CEKBEHYBaHHSM, K OIMUCAHO paHiiie [3].
ITocninoBHOCTI aHai3yBaM 32 AOIMOMOI0I0 0a3 JaHUX
IgBlast i IMGT. ITocnigoBHOCTI, sIKi Manu > 98 % ro-
MoJorii g0 BigmoBigHoro repminatuBHoro IGHYV,
Bu3Havanu sk UM, a 3 romosnorieto < 98 — 9k M Bu-
nmanku [12, 13]. Bunagku 3 eKcrpeciero cTepeoTUITHUX
B-kiiTUHHUX pelenTopiB igeHTU(giKOoBaHI 3a Aga-
thangelidis 3i criiBaBT. |6].

stereotyped Ig receptor (/GHV3-21/IGLV3-21) as
well as unmutated (UM) IGHV status is associated
with poor prognosis [5—7]. Therewith it was shown
that the /GLV3-21 light chain expression is increased
in the high-risk group of CLL patients with
unfavourable disease prognosis irrespective of IGHV
status or subset #2 stereotyped receptor [8].

OBJECTIVE

The objective of the current paper was to analyze the
frequency of IGLV3-21 light chain expression in
CLL patints and its correlations with disease clinical
course with taking into account the patients’ history
of exposure to IR.

MATERIAL AND METHODS

Studied cohort included 244 unselected CLL
patients with productive IGHYV gene rearrangements
(188 men and 56 women) aged (57.35 £ 1.77) years
(median 57 years), who were admitted to the
Department of Radiation Hematology of the
National Research Center for Radiation Medicine,
Hematology and Oncology of National Academy of
Medical Sciences of Ukraine. The study was
approved by the local Medical Ethics Committee,
and all patients gave informed consent prior to par-
ticipation in it. The diagnosis of CLL was based on
clinical history, lymphocyte morphology, and im-
munophenotypic criteria. Stage of disease was estab-
lished according to the Rai [9, 10] and Binet [11].

One hundred six patients (43.4 %) were the sufferers
of Chornobyl NPP accident. This group of IR-exposed
patients (the main group) consisted of 84 clean-up
workers, among them 71 participants of 1986 clean-up
work and 13 clean-up workers of 1987—1989, 6 evac-
uees, and 16 inhabitants of radionuclide contaminated
areas. The other 138 patients (56.6 %) were included in
IR non-exposed group of comparison.

Genomic DNA for molecular analysis was extract-
ed from peripheral blood mononuclear cells with the
QIAamp Blood Mini Kit (Qiagen, UK). The IGHV
gene mutational status was assessed by polymerase
chain reaction (PCR) followed by a direct sequenc-
ing, as described earlier [3]. Sequences were ana-
lyzed using the IgBlast and IMGT databases.
Sequences with > 98 % homology with the corre-
sponding germ-line IGHV gene were considered as
UM, and cases with < 98 % homology were consid-
ered to be mutated [12, 13]. Cases with stereotyped
B-cell receptors were identified according to
Agathangelidis et al. [6].
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IlepebynoBa JErKMX JaHIIOTiB iMyHOT100YiHIB (IGLY)
y 132 xBopux BM3HaueHa MeTomoMm ITJIP 3 HacTymHuM
cekBeHyBaHHIM 3a BIOMED-2 mportokomom. ¥ 112
XBOPUX JOCHiIXyBaau excrpecio IGLV3-21 reHa MeToO-
nom ITJIP y peanbHOMY yaci 3a Stamatopoulos 3i criBaBT.
[8]. Myrauii NOTCHI, TP53 i SF3BI reHiB Bu3Hauaiu,
K omnrcaHo paHinie [14].

Ilepionn yacy mo moyaTky Teparii (time-to-treatment,
TTT), Ge3peunavBHOIO BWXXWMBaHHS (progression-free
survival, PFS) Ta 3aranpbHoro BukuBaHHs (overall sur-
vival, OS) BM3Havanm Bim miarHO3y 0 IMOYATKy Tepartii
MepIIoi JiHii, mporpecii ado cMepTi, BiAMOBiAHO. XBOpi,
B SIKMX OYJIM BiICYTHi OCTaTOYHi JaHi, PO3LIiHIOBAIN K
TaKi, 110 He JOCSTJIN MOIii Ha MOMEHT OCTaHHBOTO KOH-
takTy. [loka3HMKM BMXKMBaHHSI BU3HAYAIN 33 JOIIOMO-
roto craructuku Karman-Meiiep 3 log-rank TectoMm, Ta
perpecii Kokca. CTaTuCTUYHI AOCTiAKEHHS MPOBEACHI 3
BUKOPHUCTAHHSIM IIporpaMHOro makety SPSS software
package, version 20.0. IToxazHuKM p OyIu IBOCTOPOHHI,
p < 0,05 po3rnsimanu IK CTaTUCTAYHO BipoOTigHE.

PE3VYJIBTATU TA OBI'OBOPEHHS

Bcworo inentudikosarno 24 IGLV3-21-no3uTUBHI BU-
nanku cepesn 244 xpopux (9,8 %). Ix yactora He po3pis-
HsUTach B OCHOBHii rpymi (7 Bumazakis, 6,5 %) Ta rpyrmi
nopiBHsAHHA (17 Bumagkis, 12,5 %), p = 0,087. B oc-
HOBHI rpymi ekcripeciss /GLV3-21 reHa Bu3HauyeHa BUK-
JII0YHO cepen yyacHukKiB JIHA (ta6m. 1).

IGLV3-2]-103UTUBHI XBOpi Ta XBOpi 3 eKCIIpeciero
inmmx IGLV reHiB Oy/M 3iCTABHUMHM 3a CTaTTIO, BIKOM,
CcTalielo XBOpOoOM Ha MOMEHT BCTAHOBJIEHHS [1iarHO3Y.
Onnak IGLV3-21 excripecis Oyia acouitioBaHa 3 M IGHV
reHamu (Taou. 2).

Posnionin IGHV reniB cepen IGLV3-21-103UTUBHUX
BUIAAKIB OyB HECTOXaCTMUYHMUM BHACHIiJOK BUCOKOI
yactotu reHa IGHV3-21. Moro excripecis 3HaiineHa y
37.5 % IGLV3-21-no3UuTUBHUX BUNAAKiB mpoTtu 3,2 %
cepel BUIIaIKiB 3 eKclpecieio iHmux /GLV reHiB
(p = 0,0001).

Ta6amusa 1

The Ig light chain rearrangements were analyzed
by Sanger sequencing using BIOMED-2 protocol
in 132 patients, and in 112 patients the /GLV3-21
chain presence was tested with real-time PCR
method and primer strategy developed by
Stamatopoulos et al. [8]. Mutations of NOTCH1,
TP53 and SF3BI genes were detected as described
earlier [14].

Time-to-treatment (TTT) period, progression-
free survival (PFS) and overall survival (OS) were
calculated from diagnosis to start of the first CLL
treatment, progression or death, respectively.
Patients without documented event were censored
at time of last contact. Survival rates were estimat-
ed 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 sig-
nificant.

RESULTS AND DISCUSSION

Twenty four (9.8 %) IGLV3-21-positive cases were
identified among 244 patients. The frequency did not
differ in the main group (7 cases, 6.5 %) vs. group of
comparison (17 cases, 12.5 %), p = 0.087. In the
main group, IGLV3-21 gene expression was deter-
mined exclusively among clean-up workers (Table 1).

IGLV3-21-positive patients and patients with
expression of other IGLV genes were comparable
by gender, age, stage at diagnosis. However,
IGLV3-21 expression was associated with M IGHV
genes (Table 2).

The distribution of /GHV genes among IGLV3-
21-positive cases was non-stochastic due to preva-
lence of IGHV3-21 gene. Its expression was found
in 37.5 % of IGLV3-21-positive cases versus 3.2 %
among cases with expression of other /GLV genes
(p = 0.0001).

YacroTa ekcnpecii IGLV3-21 reHa cepep 06CTeXXeHUX XBOPUX

Table 1

The frequency of IGLV3-21 gene expression among examined patients

F'pynu oGcTeXeHux
Groups of patients

Kinbkictb IGLV3-21* BunapkiB/3aranbHa KinbKicTb 0Ci0
Number of IGLV3-21* cases/total number of patients

Yactora, %
Frequency, %

MopisHsiHHS / The group of comparison (non-irradiated)

Bci yuacHuku JIHA / Clean-up workers in total

Yyachukm JIHA 1986 p. / Clean-up workers of 1986

YyacHukm JTHA 1987—1989 pp. / Clean-up workers of 1987—1989
IHwi onpomineHi xgopi / Other irradiated

17/138 12,3
7/84 8,3
6/71 8,5
1/13 77
0/22 0
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Ta6auua 2

Kniniko-rematonoriyni nokasHuku xsopux Ha XJUJ1 3 ekcnpecieto IGLV3-21 Ta iHwux IGLV renis

Table 2

Clinical/hemetological characteristics of CLL with IGLV3-21 and otrher IGLV genes’ expression

KinbkicTb XBOpuX, adc. (%) / Patients N (%)

MokasHuku - :
IGLV3-21* Bunapku Bunapgku 3 ekcnpecielo iHwmx /IGLV rexis p
Characteristics IGLV3-21* patients Patients with expression of other /IGLV genes
n=24 n =220
Bik, poku; mepjaHa (poskua) / Median age, years (range) 57,0 (41-71) 57 (41-17) 0,419
Cratb, n (%)
yonoaiya / male 18 (75,0) 170 (77,3) 0.486
XiHoua / female 6 (25,0) 50 (22,7) ’
Crapis 3a Rai, n (%) / Rai stage at diagnosis, n (%)
0 4(16,7) 17 (7,7)
| 9(37,5) 84 (38,2)
I 8 (33,3) 90 (40,9) 0,675
1l 2(8,3) 19 (8,6)
v 1(4,2) 10 (4,9)
Crapis 3a Binet, n (%) / Binet stage at diagnosis, n (%)
A 13 (54,2) 107 (48,6)
B 8 (33,3) 88 (40,0) 0,817
C 3(12,5) 25(11,4)
MyTauiitiuin cratyc IGHV rewis, n (%) / Mutational status of IGHV genes, n (%)
M IGHV 16 (66,7) 65 (29,5) 0.0001
UM IGHV 8 (33,3) 155 (70,5) ’

Yacrora cTepeoTUITHUX B-KIIITUHHUX pelienTopiB HE
po3pizHsnack cepen IGLV3-211 1 IGLV3-21- Bunaaxis:
66,6 % i 58,2 %, BignosigHo, p = 0,282. 16 cTepeoTuI-
Hux IGLV3-21-no3uTUBHUX BMIIaJKiB HajeXalu 0
Kjactepy #2 (6 BUMAAKIB) i IO OMHOMY JO KJIacTe-
piB #5, #20, #7la, #V1-69|J6]22|1, #VI1|J6[19|1,
#V4|J3.4|11]20, #V3-23|J3.4|15|16, #V3|J4/14]71, #V4-
593.4|13|1, #V4-61[14.5]15]1.

AHaJti3 TPOrHOCTUYHO HECHPUSTIMBUX MYTaLiil y
xBopux Ha XJIJI BUSIBUB 3HaUYHE MepeBakaHHS MyTa-
niii reHa SF3B1 cepen IGHV3-21-O3UTUBHUX BUTIAJ -
kiB (p = 0,017). BogHouac, yacToTa MyTallili TeHiB
TP53(p=10,596) i NOTCH1 (p = 0,286) He po3pi3HsIach
3aJ1eXXHO Bif ekcnpecii okpemux IGLV reHiB (puc. 1).

Cnig 3a3HAYNTH, IO B OCHOBHINM Tpymi i B TpyImi
MOpiBHIHHS YyacToTa MmyTalii SF3BI rena Oyna ogHa-
KoBo10: 24,8 % i 23,1 %, BinnosinHo; p = 0,477. B 060x
rpynax mytauii SF3B1 reHa B OCHOBHOMY BUSIBJISLIMCh
cepen IGLV3-2]-nosutuBHux Bunankis (57,1 % 141,7 %,
BigmoBigHo; p = 0,517). YacTtora mytauiii rediB 7P53 i
NOTCH 1 takox Oyna nomioHa B 000X rpymax, He3a-
JIeXXHO Binm excripecii /GLV reHiB.

IMoxkasauku TTT, PES i OS cepen o6cTexkeHUX XBO-
pux B LiJiomy (0e3 ypaxyBaHHSI MyTalLlifHOTO CTaTyCy
IGHYV reHiB) AOCTOBIPHO HE BiAPi3HSUIMCH 3aJIEXKHO Bifl
ekcmnpecii /GLV reHiB, ogHak cepen xBopux 3 M IGHV
reHamu 1ii ToKa3HUKU Oy/Iu TipluMMU 3a eKCHpecii re-

The frequency of stereotyped cases did not differ
between IGLV3-21* and IGLV3-21 cases: 66.6 %
and 58.2 %, respectively, p = 0.282. Sixteen sterco-
typic IGLV3-21-positive cases belonged to cluster #2
(6 cases) and each one case to clusters #5, #20,
#71a, #V1-691J6]22|1, #V1|J6|19|1, #V4|J3.4/11]20,
#V3-23|J3.4|15|16, #V3|J414]71, #V4-59|)3.4/13]1,
#V4-61|14.5|15]1.

Analysis of prognostically unfavorable mutations in
CLL patients showed a significant predominance of
SF3B1 gene mutations among /IGHV3-2[-positive cases
(»p = 0.017), while the frequency of TP53 (p = 0.596)
and NOTCH 1 (p = 0.286) gene mutations did not differ
depending on the expression of /GLV genes (Fig. 1).

Of note, in the main group and in the group of com-
parison the frequency of SF3BI gene mutations did
not differ: 24.8 % and 23.1 %, respectively; p = 0.477.
In both groups, SF3BI gene mutations were mainly
detected among IGLV3-21-positive cases (57.1 % and
41.7 %, respectively; p=0.517). The frequency of the
TP53 and NOTCHI mutations was similar in both
groups regardless of expression of /GLV genes.

Duration of TTT, PFS and OS did not differ
among the examined patients in general (regardless
of the IGHV genes’ mutation status) depending on
the expression /GLV genes, however, among patients
with M IGHV genes PFS and OS were shorter in
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TP53 NOTCH1

SF3B1

Ha IGLV3-2] (tabn. 3). Lle crmocrepiramoch i B oc-
HOBHI# IpyIi, i B IpyITi MOPiBHSHHS, OMHAK OKPEMO 10
rpymax po30iXHOCTi HE JOCSTJIM CTAaTUCTUYHOI 3HAYY-
mocTi. Tak, B oCHOBHii rpymi y xBopux 3 M IGHV re-
Hamu, megianu PFS i OS y IGLV3-21-nto3uTuBHUX i
IGLV3-2]-neraTuBHUX BUITaAKax cKJiauu 87 Mic. mpo-
™ 170 mic. (p = 0,065) ta 105 mic. mpotu 174 Mmic.
(p =0,081). B rpymi mopiBHSHHS 11i TOKa3HUKU CTAaHO-
B g PFS 84 mic. mpotu 108 mic. (p = 0,117); ms
OS 97 mic. mpotu 116 mic. (p = 0,141), BinmosigHo.
BpaxoByrouu 11i gaHi, y xsopux 3 M IGHV reHamu Mu
npoaHaji3yBav TAKOX iHILI MMOKA3HUKH, SIKi, SIK Big0-
MO, acoliioBaHi 31 3HUKEHHSIM Mepioay Oe3pelnanB-
HOrO Ta 3arajibHOro BYDKMBAHHS: BiK, CTaTh, CTalisd 3a
Binet, iHimiaqbHUii JeMKOLUTO3, MyTallii reHiB 7'P53,
NOTCHI i SF3BI. Ilpu yniBapiantHoMy KoKc per-
peciiiHoMy aHai3i 3HauymuMu akropamu 1 PES
Oynu: cranis 3a Binet stage (criBBiIHOIIIEHHS pU3HUKIiB,

Ta6nuusa 3

PucyHok 1. Yactota nporHoCTUYHO HeCnpuaTau-
BUX MyTauin reHis TP53, NOTCH1, SF3B1 y xBopux
Ha XJU1 3 ekcnpecielo IGLV3-21 (I) Ta iHwux IGLV
renis (II)

Figure 1. Frequency of prognostically unfavorable
TP53, NOTCH1, SF3B1 mutations in CLL patients
with expression of IGLV3-21 (I) and other IGLV
genes (II)

IGLV3-21-positive cases (Table 3). The same trends
were observed in both the main group and the group
of comparison, although they did not reach statistical
significance. Thus, in the main group, the medians of
PFS and OS in IGLV3-2I-positive and IGLV3-21-
negative cases with M IGHV genes were 87 mo. vs 170
mo. (p = 0.065) and 105 mo. vs 174 mo. (p = 0.081).
In the group of comparison, these parameters were:
for PFS 84 mo. vs 108 mo. (p =0.117); for OS 97 mo.
vs 116 mo. (p = 0.141), respectively.

Given these data, in patients with M IGHV genes,
we analyzed other clinical parameters that are
known to be associated with a decrease in PFS and
OS. Such patient demographics and clinical charac-
teristics were analyzed: age, gender, Binet stage of
disease, initial white blood cell (WBC) count, and
recurrent mutations of 7P53, NOTCHI and SF3B1.
In univariate Cox regression analysis, significant

MokasHuKu BumxkuBaHocTi xBopux Ha XJIJ1 3 ekcnpecieto IGLV3-21 Ta iHwwux IGLV renis

Table 3

Duration of time-to-treatment period, progression-free survival and overall survival depending on IGLV gene’s

expression

MokasHuKU BMXUBAHOCTI

Bunapgku 3 ekcnpecieto reHa IGLV3-21

Bunagku 3 excnpecielo iHwux /GLV reHis

Parameters IGLV3-21-positive cases Expression of other /IGLV genes

Xsopi Ha XJ1J1 6e3 ypaxyBaHHsi MyTauiiiHoro ctatycy /GHV renis / All patients regardless mutational status of /GHV genes

TTT, mepgjana (mic.) / TTT, median (mo.) 14 15 0,764
PFS, mepiana (mic.) / PFS, median (mo.) 58 68 0,807
0S, mepjana (mic.) / OS, median (mo.) 83 89 0,368
Xsopi Ha XJ1J1 3 UM /GHV renamn / Patients with UM IGHV genes

TTT, mepjana (mic.) / TTT, median (mo.) 5 22 0,367
PFS, mepjana (mic.) / PFS, median (mo.) 31 48 0,709
0S, megiana (mic.) / OS, median (mo.) 51 75 0,367
Xsopi Ha XJ1J1 3 M IGHV reHamu / Patients with M IGHV genes

TTT, mepgjana (mic.) / TTT, median (mo.) 42 50 0,276
PFS, mepiana (mic.) / PFS, median (mo.) 87 156 0,009
0S, mepjana (mic.) / OS, median (mo.) 106 167 0,021
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hazard ratio, HR 2,418; 95 % nosipunii iHTepBaj, con-
fidence interval, CI 2,468—6,969; p < 0,0001),
iHinianpHMii serikomuros > 70 I'/n (HR 11,378; 95 %
CI 4,231-30,593; p < 0,0001) i excnpecia IGLV3-21
reda (HR 2,419;95 % CI 1,128—4,804; p =0,016). s
nependayeHHs1 TpuBanocTi OS 3HauymuMu axkropa-
MM BHABWINCE: cTanmig 3a Binet (HR 1,842; 95 % CI
1,428—2,376; p < 0,0001), iHimiaJIbHUIA JIEHKOLIUTO3
>70T/n (HR 2,896; 95 % CI 1,252—6,697; p = 0,013),
ekcrpecis IGLV3-21rena (HR 2,111; 95 % CI 1,099—
4,055; p = 0,025) i Bik > 65 pokiB (HR 2,381; 95 % CI
1,287—4,405; p = 0,006).

Bci mokasHuku, ski BrmiBaau Ha TpuBajiicth PFS i
OS, 6ynu npoaHajizoBaHi y MyJbTuBapiaHTHOMY Kokc
perpeciiiHomy aHami3i (MeTon forward stepwise). Bera-
HOBJIEHO, IO cTajdig 3a Binet, Bik > 65 pokiB Ta eKc-
npecist IGLV3-21 reHa Majau HeraTUBHE ITPOrHOCTUYHE
3HAUYEHHS [J1 BU3HA4YeHHs TpuBayocTi OS XBopux Ha
XJIJI 3 M IGHV renamu. 3HauymnMu (paKTOpaMu JIJIst
nporHosy Tpusanocti PFS BusBunuce: crazis 3a Binet,
ekcnpecis reHa IGLV3-21 ta iHiliaJabHUNI JTeMKOLIMTO3
> 70 I'/n (Tabm. 4). 1li paHi Oy CHiTBHUMU IJIST XBO-
pux 000X rpyn He3alexXHO BiJl pafialliiHOro aHaMHe3y.

Bimomo, o myrauitinuii ctatryc /GHV reHiB 3anm-
IIAETHCS OCHOBHMM IIPOTHOCTUYHUM (PAKTOPOM IIe-
pe6iry XJIJI. Ha migcraBi rpanuyHoro piBHs 98 % ro-
MOJIOTii HYKJI€OTUIHOI MOCIiIOBHOCTI 3 BilIOBIIHUM
repMmiHaTuBHuM IGHV po3pi3HsioTs Tak 38aHi UM i M
punaaku XJIJI. XBopi 3 UM IGHV reHamMu MaloTh
3HAYHO TipIIKi Mepedir 3aXxBOpIOBAHHS HA BiAMiHY Bif
xBopux 3 M IGHV renamn [12, 13]. KpiMm npennkaTtns-
HOTro 3HaYeHHs MyTalliliHoro cratycy /GHV reHiB, Ha-
KOIMMYYIOTHCS HOBI IaHi IIOJ0 iHIIIMX acollialliii CTpyK-
TypM iMYHOTJI00Y/1iHOBUX T'€HIB 3 KJIiHIYHUMU JaHUMU
xBopux Ha XJIJI. Ilepiil 3a Bce, 1€ CTOCYEThCSI €KCIIpeCii
CTEepeOTUNHMX B-KkiiTnHHUX penenTtopiB [15—17] i ok-

Ta6nuusa 4

factors for the PFS were: Binet stage (hazard ratio,
HR 2.418; 95 % confidence interval, CI 2.468—
6.969; p < 0.0001), initial leukocytosis > 70 x 10°/L
(HR 11.378;95 % CI1 4.231—-30.593; p <0.0001) and
expression of the IGLV3-21 gene (HR 2.419; 95 %
CI 1.128—4.804; p = 0.016). For the prediction of
OS, the following factors were found to be signifi-
cant: Binet stage (HR 1.842; 95 % CI 1.428—2.376;
p <0.0001), initial leukocytosis > 70x 10°/L (HR 2.896;
95 % CI 1.252—6.697; p = 0.013), expression of the
IGLV3-21 gene (HR 2.111; 95 % CI 1.099— 4.055;
p = 0.025) and age > 65 years (HR 2.381; 95 % CI
1.287—4.405; p = 0.006).

All variables associated with worse PFS and OS
were included in the multivariate Cox regression
analysis (method forward stepwise). It has been
showed that Binet stage, age > 65 years, and IGLV3-21
gene expression were powerful adverse prognostic
factors for OS in CLL patients with M IGHV genes.
Significant factors for predicting PFS duration were:
Binet stage, IGLV3-21 gene expression and initial
leukocytosis > 70 x 10°/L (Table 4). These data were
common to patients of both observed groups regard-
less of radiation anamnesis.

The mutational status of /IGHV genes remains the
most significant prognostic factor in CLL patients.
A cutoff of 98 % sequence homology of the CLL
IGHYV to its germline variant distinguishes the so-
called UM and M CLL cases. The UM-CLL cases
have a strikingly inferior prognosis compared with
M-CLL [12, 13]. Since the discovery of the predic-
tive value of the mutational status of /GHV genes,
new data have been accumulating on the association
of structure of immunoglobulin genes with the clin-
ical data of CLL patients. First, it concerns the
expression of stereotyped B-cell receptors [15—17]

®dakropu, aKi BnAMBawTb HAa TPUBaANiCcTb 6e3peunanUBHOroO nepioay Ta 3arabHOro BUXKMBAHHA xBopux Ha XJUI
3 ekcnpecieto M IGHV reHiB npu npoBefeHHi MynbTUBapiaHTHOro aHanisys

Table 4

Factors associated with progression-free period and overall survival in CLL patients with mutated IGHV genes

(multivariate analysis)

Mokasuuku / Parameters

HR (95 % Cl) p

BespeuvausHe BxmBaHHs / Progression-free period

Crapiq 3a Binet / Binet stage at diagnosis 2,881 (1,535-5,407) 0,0001

Excnpecia IGLV3-21 / IGLV3-21 gene expression 2,760 (1,351-5,257) 0,008

Netikouutos > 70 I/n / initial leukocytosis > 70 x10%/L 4,370 (1,231-15,516) 0,023
3aranbHe BuxmsaHHs / Overall survival

Crapis 3a Binet / Binet stage at diagnosis 2,942 (1,878-4,611) 0,0001

Excnpecia IGLV3-21/ IGLV3-21 gene expression 2,752 (1,385-5,471) 0,004

Bik ctapie 65 pokis / age > 65 years 2,230 (1,137-4,372) 0,020
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pemux IGHV reniB [18, 19], 1110 BKa3ye Ha 3HAYEHHS aH-
TUI€HHUX EIiTOMIB B iHiLliallil pO3BUTKY 3aXBOPIOBAHHSI,
oro mporpecii Ta ¢opmyBaHHi crnekTpy XJIJI-cre-
U (piYHUX IepeOyI0B reHiB iMyHOr1o0yIiHiB. TpuBanuit
yac Taki MOCTiIKEeHHS (hOKyCcyBaluCh IepeBaXHO Ha
ekcripecii IGHV reHiB, TOIi SIK POJb JIETKUX JIAHLIOTiB
iMyHOTJIOOYIiHiB 3a/1111aJIach HEBiIOMOIO.

Stamatopoulos i criBaBT. [8] Bniepiiie BUSIBUJIN BUCOKY
yactoTy IGLV3-21 No3UTUBHUX BUMAAKIB B MaJliii TpyIIi
xBopux Ha XJIJI Bucokoro puszuky (n = 32), a mi3Hilue
OiATBEpAMIN Li JaHi Ha BEeJMKiil KOropTi XBOpPHX Ha
XJIJI, 6e3 monepeaHbOI CeeKl1lil Mali€eHTiB Ha TPYTIU PU-
31KY. byJIo BCTaHOBJIEHO, IO XBOPi 3 €KCIpECi€lo TeHa
IGLV3-21 manu noCTOBipHO KOpOTILi Moka3HUKHU PFS i
OS, ocoomuBo 3a M IGHV reniB. binbniicts IGLV3-21*
BunankiB (mpubmuszHo 75—80 %) MaloTb TOYKOBY MY-
Tauito reHa IGLV3-21 y niasHui, 110 KOAYE 3 €aIHAHHS
BapiabeJIbHOI i KOHCTAaHTHOI YaCTUH MOJIEKYJIU JIETKOTO
manmiora (mytaiisg R110). Llg anoMairist mosjermnrye ro-
MOTHUMIYHY B3a€EMOJiI0 B-KIITMHHUX pelenTopiB, IO
CIpUsI€ aKTUBAIllil JefikeMiuHux KiaiTuH [20, 21]. OTpu-
MaHi HaMM JaHi MiATBepAWIN HECOPUSITIUBE MPOrHOC-
TUYHE 3HaueHHS ekcripecii /GLV3-21 nng nependoadeH-
Hs TpuBanocti PFS i OS xBopux Ha XJIJI 3 M IGHV re-
HaMU He3aJiexkHO BiJ BBy IB.

BusHauenHns IGLV3-21 excnpecii TAaKOX BaxKJIMBE IS
ToTIepeTHbOI OLIHKM e(eKTUBHOCTI Tepalrii. ¥ 6arato-
HeHTpoBoMy nocaimkeHHi CLL12 nokasHUKM S5-pidyHO-
ro PFS xBopux Ha XJIJI, sKi JiKyBaauch iOpyTMHIOOM,
cranoBwm 80,7 % 6e3 ta nuiie 44,8 % 3 ekcrpecielo re-
Ha IGLV3-21 [22]. e cBiguuTh PO HEOOXiTHICTH PO3-
pOoOKM/3aCTOCYBAHHSI HOBUX MiAX0IiB A0 Teparii /GLV3-
21-TTO3UTUBHUX XBOPUX, a aetekis IGLV3-21 reHa no-
BMHHA OyTHM BKJIIOYEHA B Mepesik (akTopiB OLIHKH
nporHosy nepeodiry XJLJI.

BUCHOBKU

1. Yacrora excnpecii rena IGLV3-21y xsopux Ha XJLJ, sxi
3a3Hajiu BIuiuBy IB, Ta HEOrpoMiHEHUX XBOPUX IOCTOBIPHO
He po3pisHsuiach (6,5 % ta 12,5 %, BimnosinHo; p = 0,087).
2. IGLV3-21" Bunanku, Ha BinMminy Bin IGLV3-2I-Hera-
TUBHUX BUMNAAKiB, 3HAUHO yacTille ekcrpecyote M IGHV
renu (66,7 % npotu 29,5 %; p = 0,0001), KoeKcIpecyoTh
IGHV3-211en (37,5 % npotu 3,2 %; p = 0,0001) Ta MaroTh
myTattii SF3B1 rena (47,4 % nipotu 21,2 %; p = 0,017).
3. Cepen xBopux 3 M IGHV reHamu, He3alexKHO Bil
pamialiiiHOro aHaMHe3y, TPUBaJIiCTh Mepioay 10 Mpor-
pecii XJIJI (87 mic. mpotu 156 mic. B IGLV3-21" Bunan-
Kax; p = 0,009) ta 3aragbHoro BukuBaHHS (106 Mic.
npotu 167 Mic., BigmosigHo; p = 0,021) 6yau KOpoTIIu-
Mu y IGLV3-21-T103UTUBHUX BUTIAAKaX.

and individual IGHV genes [18, 19], which indi-
cated the role of antigenic determinants in disease
initiation, progression, and in the formation of the
spectrum of CLL-specific rearrangements of Ig
genes. Long time studies have focused mainly on
the IGHYV expression, while the role of the im-
munoglobulin light chain for disease prognosis was
unknown.

Stamatopoulos et al. first revealed a high fre-
quency of IGLV3-21 positive cases in a small
cohort of patients (n = 32) with high-risk CLL and
then confirmed its negative prognostic significance
in a large group of unselected CLL patients.
Patients with IGLV3-21 rearrangements displayed
a significantly shorter PFS and OS, especially in M
IGHV cases [8]. The most IGLV3-21" cases
(approximately 75—80 %) have a single-point
mutation at the junction between the variable and
constant regions of light Ig chain (termed R110),
that facilitates effective homotypic interaction of
leukemic B-cell receptors and activation of CLL
cells [20, 21]. Thus, our data confirmed unfa-
vourable prognostic value of /GLV3-21 for predic-
tion of PFS and OS in CLL patients with M IGHV
genes, regardless of radiation anamnesis.

Determination of IGLV3-21 expression is also
important for predicting the effectiveness of thera-
py. In CLL12 trial the estimated 5-year PFS rate
was 80.7 % without and 44.8% % with IGLV3-21
rearrangement among CLL patients theated by
ibrutinib [22]. It is obvious that this group of
IGLV3-21-positive patients needs new approaches
to therapy. The detection of the /IGLV3-21 should
be integrated into the prognostic evaluation of
patients.

CONCLUSIONS

1. The frequency /IGLV3-21 rearrangement in IR-
related and IR-non-exposed CLL patients did not
differ (6.5 % and 12.5 %, respectively; p = 0.087).
2. IGLV3-21* cases, unlike IGLV3-21-negative cases,
more frequently had mutated /IGHV genes (66.7 % vs
29.5 %; p = 0.0001), co-expressed IGHV3-21 gene
(37.5% vs 3.2 %; p=0.0001), and had SF3B1 gene
mutations (47.4 % vs 21.2 %; p = 0.017).

3. Among patients with M IGHV genes, regardless
of radiation anamnesis, periods of progression-
free (87 mo. vs 156 mo. in IGLV3-21" cases; p =
0.009) and overall survival (106 mo. vs 167 mo.,
respectively; p = 0.021) were shorter in IGLV3-21-
positive cases.
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