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EKCITPECIS TEHA JIIITIOITPOTETHJIITIASY I OHKOT'EHA ¢-MYC
Y XBOPUX HA XPOHIUHY JIIM®OIIUTAPHY JEUKEMIIO,

AKI TTIOCTPAXKIIAJIN BHACJIIIOK ABAPIT HA
YOPHOBWJIBCBHKIN AEC

MeTa: BM3HauMTH acouiaLito Mix ekcnpecieio reHiB ninonpoteinninasu (LPL) i c-MYCy nepucepuyHiin KpoBi XBOpMX
Ha XpOHiuHy nimdoumuTtapHy neikemito (XJ1J1), aki noctpaxaanu BHacnigok YopHoO6MNbCbKOT KaTacTpodu, 3aNexHo Bif
myTauinHoro cratycy IGHV reHis.
Metoau. JocnigxeHHs nposeaeHo y rpyni 69 xsopux Ha XJ1J1, onpomiHeHMX BHAcNigoK aBapii Ha YopHOOUbCHKIiA
AEC (58 yuacHukiB nikeigauii Hacnigkis aBapii 1986 p., 6 MelWwKaHUiB TepUTOpPii, KOHTAMIHOBAHUX PaAiOHYKNifaMK,
5 eBakyinoBaHux). Mytauinnuit ctatyc IGHV reHiB focnigxyBanu 3a AONOMOrol nofiMepasHoi NaHLuloroBoi peakuii
(NJIP) 3 HacTynHUM cekBeHyBaHHAM. Ekcnpecito reHis LPLi ¢c-MYC ouintoBanu metogom MJIP y peanbHomy yaci. OTpu-
MaHi AaHi aHanisyBanu y ctatuctuyHin nporpami SPSS software package, version 20.0.
Pe3ynbraTu. BigHocHwii piBeHb ekcnpecii reHa LPL konuBaBscs B Mexax Big 0 go 1663,5 (138,47 + 30,69, mepniaHa 26,1).
BuasneHa goctoBipHa Kopenauisa Mix okpeMumu piBHAMK ekcnpecii LPLi myTauinHum ctatycom IGHV reHis (r = 0,684;
p<0,0001). BigHocHwuit piBeHb ekcnpecii c-MYC ctaHoBuB 5,7 + 0,87 (mepiaHa 2,86; konueaHHs Big 0 go 48,5). Acoui-
auii mix pisHem c-MYC ekcnpecii Ta myTauinHum ctatycom IGHV renis He BuasneHo. Cepep xsopux Ha XJ1J1 3 HemyToBa-
HUMKM IGHV reHamm cnocTepiranacb KopensauitHa 3anexHicTb Mix ekcnpecieto renis LPL1i ¢-MYC (r = 0,351; p=0,013).
BucHoBku. OTpuMaHi gaHi nigTBEpAXYIOTb AOMiHYIOUY KOHLEeNUilo BifHOCHO 6inbwoi YyTnusocTi Bunaakis XJ1J1 3 He-
mytoBaHumu IGHV reHamu, nopiBHAHO 3 MyTOBaHUMM, 10 Aii nponidepaTUBHMX CTUMYAIB, WO CYyNPOBOAKYETLCA NigBM-
lWeHHAM ekcnpecii GyHKLUiOHanbHO 3Hauyworo LPL, 0AHOrO 3 HaWbiNblW YiTKUX MapKepiB HeraTMBHOrO NPOrHO3y ne-
pe6iry XJ11.
KntouoBi cnoBa: xpoHiuHa nimdouuntapHa neitkemis, resun LPL, c-MYC, IGHVY, aBapis Ha YopHobunbebkiin AEC.
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EXPRESSION OF LIPOPROTEIN LIPASE AND c-MYC ONCOGENE
IN PATIENTS WITH CHRONIC LYMPHOCYTIC LEUKEMIA
AFFECTED BY THE CHORNOBYL ACCIDENT

Objective: to determine the association between the expression of lipoprotein lipase (LPL) and c-MYC genes in
peripheral blood cells of chronic lymphocytic leukemia (CLL) patients affected by the Chornobyl catastrophe
depending on the mutational status of /GHV genes.

Methods. Analysis was performed in the group of 69 CLL patients irradiated due to the Chornobyl NPP accident (58
clean-up workers of 1986 year, 6 inhabitants of radionuclide contaminated areas, and 5 evacuees). The IGHV gene
mutational status was studied by polymerase chain reaction (PCR) followed by direct sequencing. LPL and c-MYC
expression was evaluated by Quantitative Real-time PCR. Data were analyzed with the SPSS software package, ver-
sion 20.0.

Results. Relative LPL expression levels in CLL samples ranged from 0 to 1663.5 (mean 138.47 + 30.69, median 26.1).
A strong correlation between individual LPL expression levels and /GHV mutational status was found (r = 0.684;
p < 0.0001). The average relative c-MYC expression level was 5.7 + 0.87 (median 2.86; range 0-48.5). No associa-
tion between ¢-MYC expression and IGHV mutational status was found. Among unmutated /GHV cases, a correlation
between LPL and c-MYC gene expression levels was identified: r = 0.351; p=0.013.

Conclusions. Our data confirm the dominant concept that unmutated /GHVCLL cases are more sensitive to the action
of proliferative stimuli compared to mutated /GHV CLL cases. This is manifested by an increase in the expression of

a functionally significant LPL gene, is one for the strongest negative prognostic markers in CLL.
Key words: chronic lymphocytic leukemia, LPL ¢-MYC, IGHV genes, Chornobyl NPP accident.
Problems of Radiation Medicine and Radiobiology. 2020,25:421-429. doi: 10.33145/2304-8336-2020-25-421-429

BCTYII

XponiuHa gimgouuTtapHa Jeiikemis (XJIJT) B-kiniTuHHO-
IO TIOXO/KEHHSI HAJIESKUTh 10 HAMOLIBII MOIIMPEHNX OH-
KOreMaToJIOTiYHMX 3aXBOPIOBaHb Yy TPYIIi JiKBigaTOpiB
Hacninkis aBapii (JIHA) nHa YopHoomnscwkiit AEC [1—4].
OnHuM 3 HalBaXJIMBILIMX MapKepiB mporHoszy XJIJI e
MyTaliiiHUIi CTAaTyC TeHiB BaXXKKUX JAHIIOTIB iMyHOIJIO-
oyniaiB (/IGHV reniB). Excnpecigd Ha TIOBepxHi Jeli-
KeMmiyHnX KiaiTuH HemytoBaHux (UM) IGHV reHiB aco-
LifioBaHa 3i CKOPOYEHHSIM 0e3peLIMAMBHOTIO i 3arabHOro
BIDKMBaHHS XBOpUX [5—7]. TIpMuuMHM LIbOTO OCTaTOYHO
He 3’gcoBani. [lpumyckaetbes, mo y Bumagkax XJIJI 3
UM IGHV renamMm BigOyBa€ThCsT OibIII iHTEHCUBHA TI€-
penaya BHYTPIIIHbOKJIITUHHOTO CUTHalIy TpU 3B’S3Yy-
BaHHi B-kiaitunnoro peuentopa (BKP), mos’s3aHoro 3
KiHazoro ZAP-70. lle mpu3BOAWTL IO MigBUIIEHOL
npoJtihepaTUBHOI aKTUBHOCTI JIEHKEMIUHMUX KJIITHUH i ar-
pecuBHilIoro mnepediry xsopoou [8]. Kpim HasgBHOCTI
Oinka ZAP-70, neiikeMiuHi KJITUHU TIPU HEMYTOBAaHOMY
cratyci /IGHV TeHIB XapaKTepu3yIOThCS aKTHUBAIli€Io
ekcrpecii reHa Jironporeiniinasu (lipoprotein lipase,

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

INTRODUCTION

Chronic lymphocytic leukemia (CLL) of B cell
origin is one of the most common oncohemato-
logic diseases in the clean-up workers of
Chornobyl accident group [1—4]. One of the most
important markers for the prognosis of CLL is the
mutational status of the immunoglobulin heavy
chain genes (/GHV genes). The expression of non-
mutated (UM) IGHV genes is associated with a
worse relapse-free and overall survival of patients
[5—7]. The reasons for this are not fully under-
stood. It is suggested that in UM IGHV CLL cases,
a more intense transmission of the intracellular
signal occurs upon binding of the B-cell receptor
(BCR), which associated with ZAP-70 kinase.
This leads to increased proliferative activity of
leukemic cells and more aggressive course of dis-
ease [8]. In addition to the presence of ZAP-70,
leukemic cells with UM IGHV gene are character-
ized by activation of lipoprotein lipase (LPL) gene
expression [9—11]. LPL is the central enzyme of
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LPL) [9—11]. LPL — ueHTpanbHuii pepMEHT META0OTi3-
My JiMifiB. ¥ BUIJISIAI roMOAMMeEpA BiH Tilpoji3ye Tpu-
rIiuepuad Ta JHMONpPOTeiaM AyKe HU3bKOI IIUILHOCTI.
BBaxatoth, mo LPL Binmirpae cyrreBy poib B peaiizaliii
HEraTMBHOTO MpOTrHOCTUYHOro 3HadeHHda UM IGHV
TeHiB: BOHA aKTUBYE JIiMOJi3, BUKOPUCTAHHS JIOMNPO-
TEIdiB SIK JKepesia eHepril Ta chpusie mnpojidepanii
kinituH. BogHouac LPL cnpuse 3B8’a3ky B-nmimdountis
npu XJIJI 3 MiKpOOTOYEHHSIM Ta OTPUMAaHHIO TOAATKOBUX
npoJtiepaTUBHUX i aHTUAMONTUYHUX CTUMYIIB, 3 €AHY-
04U, SIK MICT, MPOTEOIJIiKaHU Ha IMOBEPXHi 3/105IKiCHO
TpaHC(OpMOBaHUX B-KJIITMH 3 iHIIMMU KIiITUHAMU
(Makpodaramu, T-ngimponuTaMu, eHAOTETIEM CYOUH TO-
o) [12]. IlepeBary BimmaioTh came HedepMeHTAaTUBHIl
TaTMBHOI aKTMBHOCTI, HE3BaXKal0UM Ha BUCOKY KOHIIEHT-
pauiro MPHK i BinmosigHoro 6inka [13]. Bimomo, 1110 ak-
tuBalisa B-niMmdpouurtiB yepe3 BKP cynpoBomKyeTbcs
ninBUIIeHHSIM ekcnpecii reHa c- M YC [14]. OgHak, yi KO-
pesoe migBUIeHHs eKcripecii LPL 3 eKcrpeci€ro reHa c-
MYC'y knituHax nauieHTiB 3 XJIJI 3a pi3HOro MyTtauiiHo-
ro crarycy IGHV reHiB octaTo4yHO HEBiAOMO.

META

MeToro gaHoi po60OTHU Oy/10 BU3HAUEGHHS acoLiiallil Mix
ekcmnpecieto reHiB LPL i c-MYC y xilitnHax rnepudepud-
Hol KpoBi mnauieHTiB 3 XJIJI, ski nocTpaxgaiu
BHacaigok YopHOOMIBCHKOI KaTacTpodu, 3 ypaxyBaH-
HsM MyTauliriHoro crtatycy /GHV reHiB.

MATEPIAJIN I METOJIN
IMpoBeneHo obcrexeHHs 69 mamientiB 3 XJIJI, om-
pOMiHeHMX BHacHimoKk YOopHOOMIBCHKOI KaTacTpohu
(61 4o0710BIKiB Ta 8 3KiHOK), SIKi MepeOyBaiy Ha JIiIKYBaHHI
B JlepxaBHiili ycTtaHoBi «HamioHanpHUiT HayKoBUW
LIEHTp padialiiiHoi MeguurHu HanioHanbHOI akagemii
MeauyHux HayK Ykpainu» (HHIIPM). IT’ataecst Bicim
XBOpUX OyIM ydyacHMKaAMM JiKBigauii HachigkiB HYop-
HOOMJILCHKOI aBapii y 1986 p., 1IicTh — MEIIKAHUSMU
TepuTopiit YKpaiHu, 3a0pymHEHUX padioOHYKJIiZaMu,
’9Th — eBakyiioBaHUMU. HocaiakeHHs 0y10 cXBajJeHO
KoMiTeToM 3 MeanuHoi etuku HHIIPM. diarno3 XJIJI
BCTAHOBJIIOBAIM 3a KJiHIKO-reMaToJOTiYHUMU JaHU-
M1, MOPMOJOTIYHUMU OCOOJUBOCTSIMHU KJIITUH i pe-
3yJbTaTaMu iMyHOEHOTUITYBaHHS. BifbIIicTh MalieH-
TiB (n = 64; 92,7 %) Ha MOMEHT MPOBEICHHS TOCTi-
KEHHS IIIe He OTPUMYBAJIM JIiKyBaHHS, IT'SIThb — OYyIU
paHillie JIIKOBAaHUMM Ta OOCTEKEHUMM B PELIUIMNBI 3aX-
BOPIOBAHHSI Mepe] KypCcoM Tepartii.

Ienomny JIHK i 3aranbny PHK oTpumyBanu 3 MOHO-
HyKJIeapiB Tiepr@eprnIHoi KpoBi, BAUKOPUCTOBYIOUN Ha-

lipid metabolism. As homodimer, it hydrolyzes
triglycerides and very low-density lipoproteins. It
is believed that LPL plays a central role in realizing
the negative prognostic value of UM IGHV genes:
it activates lipolysis, the usage of lipoproteins as an
energy source, and promotes cell proliferation. At
the same time, LPL contributes in the binding of
CLL cells to the microenvironment and obtaining
additional proliferative and anti-apoptotic stimuli,
acting as a bridge between proteoglycans on the
surface of leukemic cells and other -cells
(macrophages, T lymphocytes) [12]. It is possible
that the non-enzymatic function of LPL is the
main one, since there is evidence of its low enzy-
matic activity, despite the high cellular concentra-
tion of mMRNA and the corresponding protein [13].
It is known that activation of B lymphocytes
through BCR is accompanied by increased expres-
sion of c-MYC gene [14]. However, whether LPL
gene expression correlates with the expression of
c-MYC gene in CLL patients with different muta-
tional status of IGHV genes is still unknown.

OBJECTIVE

Therefore, the purpose of this work was to deter-
mine the association between the expression of LPL
and c-MYC genes in peripheral blood cells of CLL
patients affected by the Chornobyl catastrophe,
considering the mutational status of /GHV genes.

MATERIAL AND METHODS
The studied cohort included 69 IR exposed CLL
patients (61 males and 8 females), referred to the
State Institution «National Research Center for
Radiation Medicine of the National Academy of
Medical Sciences of Ukraine». Fifty-eight of 69
CLL patients were clean-up workers of 1986 year,
six — inhabitants of radionuclide contaminated
areas, and five patients — evacuees. The study was
approved by the local Ethics Review Committee,
and all patients gave informed consent prior to
participation in it. The diagnosis of CLL was based
on clinical history, lymphocyte morphology, and
immunophenotypic criteria. The majority of
patients (n = 64, 92.7%) were untreated at the time
of blood collection and five were treated with vari-
ous therapeutic regimens. Previously treated
patients were observed in relapse before the next
course of therapy.

Genomic DNA and total RNA were extracted
from peripheral blood mononuclear cells with the
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oopu QIAamp Blood Mini Kit (Qiagen, Crawley, Uni-
ted Kingdom) i TRI Reagent® (Molecular Research
Center Inc., Cincinnati, OH), BigmosimgHo.

Myrauiiinuii craryc /GHV TeHiB BU3HAYaIM B YCiX XBO-
PUX METOJOM TToJdiMepa3Hoi JaHIoBoroi peakuii (ITJIP)
3 HACTYITHMM CEKBEHYBaHHSIM, SIK OIKUCAHO paHite [15].
AHali3 oTpUMaHUX HYKJIEOTUAHUX IOCIiZOBHOCTEMH
MPOBOIMJIN 3 BUKOpUCTaHHSIM Oa3u maHux IMGT [16].
IGHV TIoCnigoBHOCTI 3 TOMOJIOTIEI0 10 HaWOIMKIOro
TepMiHATMBHOTO TeHa > 98 % po3LiHIOBaIN SIK HEMYTO-
BaHi, a 3 romoJiorieto < 98 % — sk myroBasi (M) [6, 7].

s ananizy ekcrpecii reHiB cuHTe3yBaiu kKJIHK 3 5
ug PHK 3a nomomMoroto Habopy peareHTiB RevertAid
First Strand cDNA Synthesis Kit (Thermo Scientific)
3rigHo 3 iHCTpyKuUissMu BupooHuka. I1JIP y peanbHOMY
yaci mpoBoauIv Ha aMmIutidikaTopi Bio-Rad Real-time
1Q Detector System (Bio-Rad). g ammuicgikanii Bu-
kopuctoByBas 2 W kIHK y 25 pl peakuifinoi cymiii,
gka Mmictuna 1 UM KOXHOro TmpaiiMepa i peareHT
Absolute Blue qPCR SYBR Green Fluorescein Mix
(Thermo Scientific). YMoBu ITJIP 6ynu Takumu: etan
nepBUHHOI aeHatypauii — 95 °C 3a 15 xB i HacTymHi 45
mukiIiB amintidikamii (95 °C — 15 cek, 60 °C — 30 cek,
72 °C — 30 cek). Bci peakiiii mpoBoAWIN B IyTUIETI.

bynu BukopucTaHi npaitMepu: U1 aMmruticikarliii reHa
c-MYC — mpssvmii mipatimep — 5’ -TCGGATTCTCT-
GCTCTCCTC-3’ i 3BopotHiit npaiimep 5’-GAGCCT-
GCCTCTTTTCCAC-3’ (3rigHo 3 Caraballo 3i criBaBT.
[17]); nnsa amrotidikarnii reHa LPL — npssmuii ipaiimep
5’-CAGCAGCAAAACCTTCATGGT-3’ Tta 3BOpOTHiit
npaiiMep 5’-AGTTTTGGCACCCAACTCTCA-3’ (3rin-
Ho 3 van Bockstaele 3i cmiBaBT. [18]).

PiBHi excnpecii reniB c-MYC i LPL Hopmani3yBa-
JIM 1I0J0 eKcIpecii KOHTpoabHOro reHa ABLI (v-
abl Abelson murine leukemia viral oncogene
homolog 1) 3rinHo 3 pekoMeHaauisIsMu €Bporneiich-
KOl MpoTupakoBoi mporpamu [19]: npsamuii npaii-
mep — S’-TGGAGATAACACTCTAAGCATAAC-
TAAAGGT-3" Ta 3BopotHiii mpaiimep 5’ -GATG-
TAGTTGCTTGGGACCCA-3’. BigHOCHY eKCITpecito
reHiB LPL i c-MYC po3paxoByBanu 3a AAC metonoM [20].
KamiopaTopom exkcmpecii reniB LPL i ¢-MYC Oymm
3pa3ku TepruepuIHOl KpOBi MPAKTUIHO 3I0POBOTO
JIOHOpA.

1 BU3HaUYE€HHST TPAaHUYHOTO PiBHS €KCITpecii reHa
LPL 3a M i UM IGHYV reniB 3actocoByBaiim ROC-
aHani3 (receiver operating characteristic; onepariiina
XapaKTepUCTUKa crocTepiraya). [TopiBHSIHHS eKcIpe-
cii reHiB LPL i c-MYC y Bunankax XJIJI 3 M ta UM
IGHYV renamm nipoBoauiau 3a goromoroio ANOVA ta
TEeCTy KCi-KBajpaT. Acoliiallilo MixK eKCIpeci€ro reHinB

QIAamp Blood Mini Kit (Qiagen, Crawley, United
Kingdom) and TRI Reagent® (Molecular Research
Center Inc., Cincinnati, OH), respectively.

The IGHV gene mutational status was assessed in all
patients by PCR amplification followed by direct
sequencing as reported previously [15]. Sequence
analysis was performed using the IMGT database [16].
IGHYV sequences with > 98 % homology to the closest
germ-line gene were considered as unmutated, and
cases with < 98 % homology were considered as mu-
tated (M) [6, 7].

For gene expression analysis, cDNA was synthesized
from 5 ug RNA using RevertAid First Strand cDNA
Synthesis Kit (Thermo Scientific), according to the
supplier’s instructions. Quantitative Real-time PCR
(RT-gqPCR) was performed with the Bio-Rad Real-
time IQ Detector System (Bio-Rad). Amplification
was carried out with 2 ul of cDNA in a 25 pl reaction
mixture containing 1 UM of each primer and Absolute
Blue gPCR SYBR Green Fluorescein Mix (Thermo
Scientific). PCR cycling conditions were: an initial
denaturation step of 95 °C for 15 min, and 45 cycles of
95°Cfor 155, 60 °C for 30 sand 72 °C for 30 s. All reac-
tions were done in duplicate.

The following primers were used: for c-MYC for-
ward primer — 5’ -TCGGATTCTCTGCTCTC-
CTC-3’ and reverse primer 5 -GAGCCTGC-
CTCTTTTCCAC-3’ (according to Caraballo et al.
[17]); for LPL — forward primer 5’-CAGCAG-
CAAAACCTTCATGGT-3’ and reverse primer 5’-
AGTTTTGGCACCCAACTCTCA-3’ (according to
van Bockstaele et al. [18]).

The expression levels of c-MYC and LPL genes
were normalized to the expression of the housekeep-
ing gene ABL I (v-abl Abelson murine leukemia viral
oncogene homolog 1) according to recommenda-
tion of the Europe Against Cancer program [19]:
forward primer — 5’-TGGAGATAACACTCTAAG-
CATAACTAAAGGT-3" and reverse primer 5°-
GATGTAGTTGCTTGGGACCCA-3’. The relative
LPL and c-MYC expression were calculated using
the AAC method [20]. The LPL and ¢-MYC expres-
sion of peripheral blood sample of healthy donor was
used as a calibrator for relative quantification.

Receiver operating characteristic (ROC) curve
analyses was performed to determine the LPL
expression cut-off values that best distinguished
between IGHV M and UM cases. ANOVA analysis
and chi-square test were used to compare LPL and
c-MYC expression between UM and M IGHV CLL
cases. Associations between LPL and c-MYC expres-
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LPL i c-MYC Bu3Hayajaud METOIOM KOpessLiiiHOro
aHamizy. Bci po3paxyHKu TpoBeAeHi y CTaTUCTUYHIK
nporpami SPSS software package, Bepcis 20.0.

PE3VIJIBTATU
Cepen obcrexxenux xopux Ha XJ1J1 y 47 Bumankax (68,1 %)
B JIeMiKeMiYHUMX KJIiITMHaX Oyjia Bu3HaueHa ekcripeciss UM
IGHYV reHiB, a 'y 22 Bunankax (31,9 %) — M IGHV reHis.
BinHocHMi1 piBeHb excrpecii reHa LPL y 3pa3kax nepu-
(pepruHOi KpoBi xBopux KoimBaBcg Bim 0 mo 1663,5
(138,47 £ 30,69, menmiana 26,1). Bunagku XJ1J1 3 UM
IGHV renamu Majld 3Ha4yHO BMIILY eKcrpeciio reHa LPL
(204,93 £ 44,45, meniana 84,5; poskuz 0,3—1663,5), mmo-
PiBHSIHO 3 MyTOBaHMMU Bumaakamu (17,86 & 12,69; meni-
aHa 1,1; poskun 0—27,9), p < 0,0001. BusBneHa gitka noc-
TOBipHAa KOpeJslisg MiX piBHAMU iHAWBIZyadbHOI €KC-
npecii LPL i mytaniiitnum ctatycom IGHV reniB (r = 0,684;
p < 0,0001). Mu 3actocyBanu Meroa ROC-aHamizy s
pO3paxyHKy IpaHUYHOIO piBHS ekcrpecii reHa LPL, sskuii
no3Boisie po3pizHuTy Bunaaku XJIJ1 3 UM i M IGHV re-
HaMu. BinHocHuIT moka3HuUK ekcrpecii 17,0 MaB Haiikpa-
LU CTYIiHb AMCKpMMiHallil. BpaxoByrouu 1ieii MOKa3HUK
piBHa excrpecii reHa LPL, 60 i3 69 mauienris 3 XJIJI
(86,9 %) xopekTHO Oy/IM BiZHECEHi 0 IPyIl 3 MyTOBAaHUM
i HeMyToBaHMM ctatycoM IGHV teHiB (Tabi. 1).
Excrmipecist rena ¢-MYC Oyna 3HaYHO HIDKYOIO 3a €KC-
npeciro reHa LPL. CepenHiil BiTHOCHUIA piBeHb eKCIIpecii
reHa c-MYC cxknaB 5,7 £ 0,87 (Menmiana 2,86; po3kui
0—48,5). 3rinHo 3 pekoMeHgaLisiMu Stasik 3i criBabT. [21],
3a cepelHiM mokKazHUKoM (5,7) mpoBeacHO audepeHilia-
11if0 HU3BKOI Ta migBuILeHoI ekcripecii c-MYC: 22 (31,8 %)
BUITAJKIB Oy Kiacu(ikoBaHi IK BUTIAAKU 3 TTiABUILIEHOIO
ekcrpeciero rena c-MYC, a 47 (68,2 %) BUTIaIKiB — 3 HU3b-
KM piBHeM ekcrpecii. Acomiartii ekcripecii c-MYC 3 My-
TaifHuM ctatycoM /GHV TeHiB He BUSIBIICHO. Y XBOPUX 3
UM IGHV renamm cepenHiii piBeHb c-MYC ekcrpecii
ctaHoBuB 5,76 £ 1,19 (Meniana 2,86), a y nauieHTis 3 M
IGHV — 5,22 £ 1,04 (meniana 1,04); p = 0,773.

Taoauusa 1

sion were assessed with correlation analysis. All
analyses were performed with the SPSS software
package, version 20.0.

RESULTS
There were 47 cases (68.1 %) with UM IGHV
genes and 22 cases (31.9 %) with M IGHV genes
among observed CLL patients. Relative LPL
expression levels in CLL samples ranged from 0
to 1663.5 (mean 138.47 *+ 30.69, median 26.1).
UM IGHV cases showed a significantly higher
LPL expression (mean 204.93 + 44.45; median
84.5, range 0.3—1663.5) in comparison with
mutated cases (mean 17.86 £ 12.69; median 1.1,
range 0—27.9), p < 0.0001. A strong correlation
between individual LPL expression levels and
IGHV mutational status was found (r = 0.684;
p < 0.0001). We applied ROC curve analysis to
calculate cut-off value for the expression LPL to
distinguish UM and M IGHV CLL cases. The
cut-off value of 17.0 showed the best degree of
discrimination. With this expression value 60 of
69 patients (86.9 %) were classified correctly
into the IGHV mutated and unmutated group
(Table 1).

c-MYC expression was significantly lower. The ave-
rage relative c-MYC expression level was 5.7 £ 0.87
(median 2.86; range 0—48.5). The overall mean
c-MYC value (5.7) was used as the cut-off value to
designate increased vs low expression, following Sta-
sik et al. [21]. Thus, 22 (31.8 %) cases were classified
as cases with increased ¢-MYC, while 47 (68.2 %)
cases — as low ¢-MYC expressed. No association
between c-MYC expression and /GHV mutational
status was found. For UM IGHYV cases mean of c-
MYC expression was 5.76 = 1.19 (median 2.86),
for M IGHYV cases mean of c-MYC expression was
5.22 + 1.04 (median 1.04), p = 0.773.

Ekcnpecia reHis ninonpoteinninasu i c-MYCy nauieHTiB 3 XpoHiyHol0 NiMmouuTapHOIO NeKeMi€lo 3aeKHO Bif

myTauinHoro cratycy IGHV reHiB nemkemMiyHMX KNiTUH
Table 1

Expression of lipoprotein lipase gene and c-MYC gene in chronic lymphocytic leukemia patients depending on

IGHV mutational status of leukemic cells

Myraujituii ctatyc IGHV renis

PiseHb ekcnpecii reHa LPL
LPL expression level

PiseHb excnpecii reHa c-MYC
c-MYC expression level

IGHV mutational status Bucokwmii/high (> 17,0)

Hu3bKuit/low (< 17,0)

Bucokwii/high (> 5,7) Husbkuit/low (< 5,7)

UM IGHV renm / UM IGHV genes, n = 47
M IGHV rexn / M IGHV genes, n = 22

40 (85,1 %)
2(9,1 %)

7(14,9 %)
20 (90,9 %)

12(25,5 %)
5 (22,7 %)

35 (74,5 %)
17 (99,3 %)

BiporigHicTb 0,0001

0,801
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Cepen BunankiB XJIJI 3 UM IGHV reHamu BuUsiBJIeHa
KOpeJisiiis MiX piBHIMM ekcripecii reHiB LPL i c-MYC
(r=20,351; p=0,013). ¥ Bunankax 3 migpuiteHoro c-MYC
€KCIIPeCi€lo CIIoCTepiraay 3HayHO BUIILY €KCIIPECito reHa
LPL (371,59 = 78,79; meniana 238,9), NOpiBHSIHO 3 BU-
nankamMm HU3bKoi excmpecii c-MYC (149,09 £+ 34,08;
meniana 71,4), p = 0,013. Cepen mauienTis 3 XJ1IJI 3 M
IGHV reHamMu Taka 3ajeXXHIiCTb OyJia BiICYyTHS i piBeHb
ekcrpecii reHa LPL He po3pi3HSBCS cepel BUITAIKIB 3
nigsuieHoto (59,03 + 57,33; meniana 1,8) i HU3BKOIO
(6,92 £ 2,05; mexniana 1,2) excrpecieto reHa c-MYC:
r=0,086; p=0,689.

OBI'OBOPEHH:I

OtpuMaHi HaMU JaHi oo excrpecii reHiB LPL i c-MYC
30iratoThCs 3 pe3yabraTaMy iHIIMX AoCHinHuKiB. [eH LPL
ineHTUdiKoBaHMI SIK OIMH 3 TEHiB, EKCIIPECisl SIKOro 3Hau-
HO pO3pi3HAEThC MixK Bunaakamu XJIJI, 3anexHo Bim My-
tamiitHoro crarycy /IGHV renis [12, 13, 22]. 3rigHo 3 gaHn-
MU OLTBIIOCTI JOCHTIAHUKIB, ekcrpecis reHa c-MYC y nie-
pudepnuHiii KpoBi xBopux Ha XJIJI HU3bKaA i HE KOpPETIOE 3
MyTauiiHuM ctatycoM IGHV reniB. BomHouyac Antosz 3i
CITiBaBT. [23] BUsABMIM MiIBUILIEHHS eKcIpecii reHa c-MYC
npu miporpecyBaHHi XJIJI. ¥V pocnimkenni Caraballo 3i
cmiBaBT. [17] piBeHb ekcnpecii c-MYC y niepudepryHiii
KpoBi naiieHTiB 3 XJIJI 6yB 06epHEHO OB’ SI3aHUI 3 KOH-
HEeHTpalli€lo B KIIITUHAX Oijka p27, iHTiOiTOpa KOMITIEKCY
LIUKJTIHY/IMKJTiH3aIeXHi KiHa3u. Bimomo, 110 ekcrpecis
c-MYC aKTMBYEThCS IIil BIUIMBOM Pi3HOMAHITHUX MITO-
TeHHUX CTUMYIIB, aconiiioBanux 3 MAPK/ERK kinazamm
(TIpoTeiHKiHAa3M, 110 aKTUBYIOTbCS MiTOTeHAMU i TIO-
3aKJIITMHHUMU CUTHajaMM; protein kinases activated by
mitogens and extracellular signals), BKP, CD40 anture-
HoM, JAK/STAT xinazamu, NOTCH and Wnt curHajibHu-
MU nusgxamu [24]. Rombout 3i crriBaBT. [25] 1Tokazanu, 1o
ctumysisiuisgs BKP mig BrmiBom antu-IgM aHTUTIN iHIYKY€E
ekcrpecito c- M YC, 1110 CynPOBOIKYETHCS W MiABUILEHHSIM
ekcrpecii reHa LPL, oqHaK TiIbKU Y NIEPBMHHO (A0 CTUMY-
Jstii) L PL-TI03UTUBHUX BUIIagKaX. MyTamiitHuii cTaTyc
IGHYV reHiB y IboMy HOCTiIKEHHI He BU3HAYAIN.

Y Hamit po60Ti MU OLiHIOBAJIM €KCIPECiIO T€HiB
c-MYCi LPL 3anexHo Bim myTaniiiHoro ctatycy IGHV
IFe€HiB i BUSIBUJIM TIO3UTUBHY KOpPEJSLil0 MiX HUMU
TUIbKY y naieHTiB 3 UM IGHV reHamu. Y naii€eHTiB 3
M IGHV renamu excrpecist LPL 0yna He3anexXHOIO Bij
ekcnpecii reHa ¢-MYC. Panime Abreu 3i cmiBaBT. [26]
rnokaszaau, 1o MigBUlleHa ekcrnpecis reHa LPL nipu
UM IGHV Bunankax XJIJI 6yna HacaigkoMm aeMeTuy-
BaHHSI CpG OCTpiBIIIB y MEPIIOMY €K30Hi Ta TEePIInX
HYKJ1eoTuaiB 1-ro iHTpoHy reHa LPL. MoxHa npunyc-
™tH, o 3a UM IGHV teniB ekcnipecis reHa LPL mae

Among UM IGHYV cases, a correlation between
LPL and c-MYC gene expression levels was identi-
fied: r=0.351; p = 0.013. Cases with elevated c-MYC
expression showed a significantly higher LPL ex-
pression (371.59 = 78.79, median 238.9) compared
with low ¢-MYC expressed cases (149.09 + 34.08,
median 71.4), p = 0.013. Among M IGHV cases,
such dependence was not revealed: LPL gene expre-
ssion levels did not differ between cases with elevat-
ed (59.03 £ 57.33, median 1.8) and low (6.92 £ 2.05,
median 1.2) ¢c-MYC gene expression, r = 0.086;
p =0.689.

DISCUSSION

Our data on LPL and c-MYC gene expression are
consistent with those of other authors. LPL was
identified as one of the most differentially
expressed genes between mutated and unmutated
CLL [12, 13, 22]. According to data of the most
researchers, c-MYC gene expression in the periph-
eral blood of CLL patients was low and did not
correlate with IGHV mutational status. At the
same time, Antosz et al. [23] found an increase in
c-MYC gene expression during CLL progression.
In the study of Caraballo et al. [17] c-MYC expres-
sion level in peripheral blood of CLL patients was
inversely related to the concentration of the p27
protein, an inhibitor of the cyclin/cyclin-depend-
ent kinase complex. It is known, that c-MYC
expression is activated by various mitogenic stim-
uli associated with MAPK/ERK kinases (protein
kinases activated by mitogens and extracellular
signals), B cell receptor, CD40 antigen,
JAK/STAT kinases, NOTCH and Wnt pathways
[24]. Rombout et al. [25] shown that BCR stimu-
lation with immobilized anti-IgM antibodies
induced c-MYC expression, which was accompa-
nied by an increase in LPL expression, but only in
initially LPL-positive cases. /GHV mutational sta-
tus was not evaluated in this study.

In our work, we evaluated c-MYC and LPL gene
expression depending on the /GHV mutational sta-
tus, and found a positive correlation between them
only in patients with UM IGHV genes. In cases with
M IGHV genes, LPL expression was independent of
c-MYC expression. Earlier Abreu et al. [26] demon-
strated that elevated expression of LPL gene in UM
IGHV CLL cases results from the lack of methyla-
tion in the CpG island involving the whole exon 1
and the first nucleotides of intron 1 of LPL. It can
be assumed that in UM IGHV cases LPL gene
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MOXJIMBICTh 3pOCTaTU MpHU Aii aKTMBALiHHUX CTU-
MyJdiB (IO CYNPOBOMXYEThCS W TMiABUILEHHSIM
ekcmpecii reHa c-MYC) caMme 3aBOSIKM TilTOMETHITBO-
BaHOMY CTaHy MPOMOTOpHOI AiNsgHKU. Y M IGHV Bu-
najgkKax Leil MexaHi3M He 3aliSHUil BHACTiIOK Heak-
TUBHOTIO cTaHy reHa LPL.

BUCHOBKHU

Hawii gaHi minTBepmKyoTh TOMiHYIO4y KOHLIEMLI0 Bil-
HOCHO OiJIbILIO1 UYTIMBOCTI 10 [ii TTpoJtipepaTUBHUX (aK-
TUBALITHUX) CTUMYJIIB JISMKeMIYHUX KIIITUH Y TIAlli€EHTIB
3 XJIJI 3 UM IGHV renamu, Ha BinMiHy Bif BUIIaakiB 3 M
IGHV renamu. Lle IposIBIISIETHCS TIBULLIEHHSIM €KCITpecil
¢yHKLIOHAIBHO 3Hauyioro reHa LPL — ogHoro 3 Haii-
Oi/IbII HEraTUBHUX MapKepiB MporHo3y nepeodiry XJLJI.
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expression has the ability to rise under the influence of
activation stimuli (which is accompanied by increased
c-MYC expression) precisely due to hypomethylation
of its promoter region. In M IGHYV cases, a similar
mechanism is not involved due to the inactive status
of the LPL gene.

CONCLUSION

Thus, our data confirm the dominant concept that
UM IGHYV CLL cases are more sensitive to the
action of proliferative stimuli compared to M IGHV
CLL cases. This is manifested by an increase in the
expression of a functionally significant LPL gene, is
one for the strongest negative prognostic markers in
CLL.
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IHOOPMALIA NPO ABTOPIB

binoyc Hapia IBaHiBHa, kaHgupat GionoriyHmMx Hayk,
CTaplWwuii HayKoBMiA cniBpobiTHUK nabopaTtopii Moneky-
napHoi Gionorii BigAiny kniHiyHOT iMyHonorii, IHcTUTYT
KniHiyHoi pagionorii, HHUPM, m. Kuis

A6pameHKo IpuHa BikTopiBHA, 1OKTOD MEANUYHUX HAVK,
npodecop, roNoBHMII HayKoBUI cniBpobiTHUK naboparo-
pii monekynapHoi Gionorii Bigainy kniHiyHOT iMyHoNOrii
BiLAiNY KNiHiYHOT iMyHonorii, IHCTUTYT KNiHiYHOT pagio-
norii, HHUPM, m. Knis

Yymak AHatonit AHAPiNOBMY, IOKTOP MeAUYHUX HayK,
npodecop, 3aBifyBay BigAiny KniHiyHoi imyHonorii, Aun-
pekTop IHcTUTYTY KniHiyHOT pagionorii, HHLUPM, m. Kuis
Darinb Ipuna CepriiBHa, JOKTOP MEAMYHUX HayK, Mpo-
tecop, 3aBigyBay BigfineHHs pafialiiiHoi oHKoremaro-
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