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JOCIIIKEHHA OCHOBHOI'O I AIBTEPHATUBHOI'O
TPAHCKPUIITY (SORL1-A2) TEHA SORL1Y XBOPUX HA
XPOHIYHY JIM®OIUTAPHY JEMKEMIIO, TIOCTPAXIAJINX
BHACJII0K YOPHOBUJIbCHKOI KATACTPO®U

MeTa: gocniguTi KNiHiKO-reMaToNoriyHi NoOKa3HUKM Ta EKCMPeCcito OCHOBHOTO i afbTepHATUBHUX TPAHCKPUNTIB reHa
SORL1y xBOpWX Ha XPOHiYHY nimdoumnTapHy neiikemito (XJ1J1), aki noctpaxaanu BHacnifok YopHobunbCbKoi KaTacT-
podu.
Metoau. [locnimKeHHs NpoBefeHO B OCHOBHiN rpyni 34 xsopux Ha XJ1J1, onpomiHeHMx BHacnigok aBapii Ha YopHo-
6unbcbkiit AEC (30 yyacHuKiB nikBigauii HacnigkiB aBapii i 4 eBakyiioBaHWX) Ta B rpyni NOPiBHAHHA (27 HEONpOMiHe-
HUX xBopux Ha XJIJT). Tpynu pocnifxeHnx Oynm CX0XKMMM 33 CTaTTIO, BIKOM, CTaAi€l0 3aXBOPIOBAHHSA NMPK NOCTAHOBLL
AiarHo3y, myTtauinHum ctatycom IGHV reHiB. Ekcnpecito 0CHOBHOTO i anbTepHaTMBHUX TpaHCKpUNTiB reHa SORLT ouiHio-
BaAW MeTOLOM nonimepasHoi naHulorooi peakuii (MJIP) y peanbHomy yaci. MytauiitHuii ctatyc IGHV renis, myTauii
reHiB TP531 SF3B1 Bu3Hauanu metofom MJIP 3 HacTynHUM cekBeHyBaHHAM. OTpUMMaHi faHi aHanizyBanu y CTaTUCTUYHi A
nporpami SPSS software package, version 20.0.
Pe3ynbratu. BigHocHMit piBeHb ekcnpecii 0CHOBHOro TpaHckpunty reHa SORLT 6yB Hu3bkuM (1,71 + 0,55, megiaHa
0,57), He KopentoBaB 3 MyTauiHUM cTatycom IGHV reHis, ctagieto XJU1, HasBHicTI0O myTauiin renis TP53 i SF3BI.
Ekcnpecis TpaHckpunTy B He BUABNEHaA B KOJHOMY BUNAAKY, TPAHCKPUNT F ekcnpecyBaBcs Ha AyXe HU3bKOMY PiBHi Y
9 xBopux. BigHocHuit piBeHb ekcnpecii TpaHckpunty SORLT-A2 ctaHoBuB 14,1 + 6,04 (MefiaHa 3,48; KONMBAHHA Bif
0,01 po 90,51). Ekcnpecis TpaHckpunty SORLT-A2 Buia 3a mepiaHy yacTiwe BuABAEHA y xBOpuUx Ha cTapgii C
(p=0,001), ay xBOpUX 3 HEMyTOBaHUM cTaTycoM /GHV reHiB 6yna acouiiloBaHa 3 BKpail HeraTueHUM nepebirom XJ1J1
(mepiaHa 3aranbHOro BMXMBaHHA 9 mic. npotn 61 mic. 3a HU3bKOro piBHA ekcnpecii SORLT-A2). 3a ekcnpecieto oc-
HOBHOIO i anbTepHATUBHUX TpaHKcpunTiB reHa SORLT xsopi Ha XJ1J1, AKi nocTpaxganu BHacnifok aBapii Ha YopHo-
ounbcbkinn AEC, He Bigpi3HANuMCh Bif NauieHTiB rpyny NOPiBHAHHS.
BucHoBku. OTpumaHi nonepeaHi AaHi CBifyaTh, WO 3HAYHE NiABUWEHHS EKCMpPecii anbTepHaTUBHOMO TPAHCKPUNTY
SORL1-A2 3a HemyTOBaHOrO cTatycy IGHV reHiB MoXe po3rafaTUCh SK MapKep BKpai HeraTMBHOrO NporHo3y nepeoiry
XN,
KntouoBi cnoBa: xpoHiuHa nimdoumntapHa neiikemis, SORL1, SORL1-A2, aBapis Ha YopHobunbebkii AEC.

Tpobnemu pagiauiviHoi Meguumhy 1a pagiobionorii, 2021. Bun. 26. C. 273-283. doi: 10.33145/2304-8336-2021-26-273-283

P Abpamenko Ipuna BikTopiBHa, e-mail: abramenko__iryna@ukr.net

273 &



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynny 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

I. V. Abramenkor=, N. 1. Bilous, A. A. Chumak, I. S. Diagil, Z. V. Martina

State Institution «National Research Center for Radiation Medicine of the National Academy of Medical
Sciences of Ukraine», 53 Yuriia lllienka Str., Kyiv, 04050, Ukraine

THE EXPRESSION OF THE MAIN AND ALTERNATIVE
TRANSCRIPT (SORL1-A2) OF THE SORL1 GENE IN CHRONIC
LYMPHOCYTIC LEUKEMIA PATIENTS AFFECTED BY THE
CHORNOBYL ACCIDENT

Objective: to study clinical-hematological data and expression of the main and alternative transcripts of SORL1 gene
in chronic lymphocytic leukemia (CLL) patients affected by the Chornobyl catastrophe.

Methods. Analysis was performed in the main group of 34 CLL patients irradiated due to the Chornobyl NPP acci-
dent (30 clean-up workers, and 4 evacuees) and in the control group of 27 non-irradiated CLL patients. Groups of
patients were comparable by age, sex, stage of disease, mutational status of /GHV genes. Expression of the main and
alternative transcripts of SORLT gene was evaluated by Quantitative Real-time polymerase chain reaction (PCR). The
IGHV gene mutational status, TP53and SF3B1 mutations were studied by PCR followed by direct sequencing. Data were
analyzed with the SPSS software package, version 20.0.

Results. Relative expression level of the main transcript of SORLT gene was low (mean 1.71 + 0.55, median 0.57),
did not correlate with the IGHV gene mutational status, 7P53 and SF3B71 mutations, stage of disease. The expression
of B transcript was not detected, F transcript was expressed at a very low level in 9 patients. The average relative
expression level of SORL1-A2 transcript was 14.1 + 6.04 (median 3.48; range 0.01-90.51). The expression of SORL1-A2
transcript above the median was more frequent among patients on C stage (p = 0.001), and in patients with unmu-
tated /IGHV genes was associated with an extremely negative course of CLL (median of overall survival 9 months vs
61 months at low expression). Relative expression levels of the main and alternative transcripts of SORLT gene in
patients of the main and the control groups did not differ.

Conclusions. Our preliminary data suggest that increased expression of SORLT-A2 transcript in CLL patients with

unmutated IGHV genes can be considered as a negative prognostic marker.
Key words: chronic lymphocytic leukemia, SORL1, SORL1-A2, Chornobyl NPP accident.
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BCTYII

Ien SORLI (sorting protein-related receptor 1) Koaye
0is0K 3 MoJieKyIsipHO0 Macoro 250 k]la, 1110 HaaeXUThb
JI0 poAuHM OiJIKiB TpaHCIIOPTYBaHHSI, COPTUJIiHIB. Brep-
1re O0yB ineHTU(iKOBaHUIA Y 1996 poli 1K OIMH 3 pelier-
TOPIB JIUITONPOTEINiB HU3bKOI IIiITbHOCTI [1].

Ha BigmiHy Bij OUJIBIIOCTI OHKOT€MAaTOJOTTUYHUX XBO-
po0, xpoHiuHa giMdpounTapHa neiikemis (XJIJI) name-
JKUTD 10 3aXBOPIOBAHb 3 HU3bKHUM PiBHEM €KCIIPECii re-
Ha SORL 1 [2-5]. Sk BBaxatotb McCaw et al. [6], 11e yHi-
KaJbHA XapaKTePUCTHKA JIEHKEMIYHUX KIITHH IIpH
XJIJI. ABTOpM TTOB’SI3yIOTh 3 BiZICYTHICTIO €KCITpecii reHa
SORL 1 ocobnauBocTti Metabonizmy kiitud XJIJI, a came:
rnepeBaXKHe OKMCIIEHHS XXUPHUX KUCIOT Ha BiIMiHY Bif
IHIIMX 3J0KiCHO TpaHC(GOPMOBAHUX KJIITWUH, MeTa-
00J1i3M IKUX 3aJIeXKHUN Bif TJIIKOIi3Yy.

Axio daxkt HU3bKOI ekcnpecii reHa SORL I ripu XJ1JI
LLIMPOKO BiIOMUIA, TO ii acoLiiallis 3 KIIiHIYHUMUA TTOKa3HU-

B«J Valentyna A. Prylypko, e-mail: basepril@gmail.com

INTRODUCTION

SORL1 gene (sorting protein-related receptor 1)
encodes a 250 kDa protein, which belongs to the
family of transport proteins (sortilins). It was iden-
tified in 1996 as one of the receptors for low-den-
sity lipoproteins [1].

Unlike the most oncohematological diseases,
chronic lymphocytic leukemia (CLL) is a disease
with low level of SORLI gene expression [2—5].
According to McCaw et al. [6], it is a unique char-
acteristic of CLL cells. The authors attribute the
lack of SORL I expression to peculiarities of CLL
cell metabolism, that is the lack of SORL I protein
promotes the primary oxidation of fatty acids as an
energy source in contrast to other malignant trans-
formed cells, which are dependent on glycolysis.

While low SORLI gene expression in CLL is
well-known, its association with clinical data,
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KaMM XBOPUX, MYTaLlIHUM CTaTyCOM T'eHiB BaXKKUX JIaH-
LIoTiB iMyHOI100YiHiB (/GHV) nocninkeHa HeTOCTaTHBO.
KpiM TOTO0, OCTaHHIMM poKaM¥1 3’ IBUJTVChH TaHi IIOJ0 €KC-
npecii aIbTepHaTUBHUX TpaHCKpUNTiB reHa SORL I [7-9].

META

MeToto Haioi podoTu OyJIo JOCTIAUTU KIiHIKO-TeMaTo-
JIOTiYHi TTOKa3HUKHU Ta eKCIIPEeCilo OCHOBHOTO i aJlkTepHa-
TUBHUX TpaHcKpunTiB reHa SORLI1 y xBopux Ha XJUI.
HocaimkeHHs poBeeHi Ha TPyl XBOPUX, SIKi TOCTpaXkKaa-
J BHACHinoK YopHOOMIIBCHKOI KaTacTpodu (TepeBaskHO
YJaCHUKMU JiKBigalii HacinkiB YopHoOMIbCHKOI aBapii).

MATEPIAJIN I METOJIN

O6cTexeno 61 xsoporo Ha XJIJI, 53 yosnosikis (86,9 %)
i 8 xiHok (13,1 %) BikoM Big 40 no 77 pokiB, cepenHiit
BiK (59,96 £ 1,12) pokis, Meaiana 60 pokiB. XBopi nepe-
OyBanu Ha JikyBaHHi B [lepxaBHiil yctaHOBi «Hatio-
HaJbHUM HAYKOBUI LEHTp padialiiiHOT MeAULIMHU
HauionansHoi akagemii MeIWYHMX HayK YKpaiHu»
(HHIIPM). HochimxeHHsT OyJI0 CXBaJIGHO KOMITETOM 3
meanuyHoi etTukn HHIIPM. liarno3 XJIJI BcTaHOBIIO-
BaJiM Ha OCHOBi KJIiHIKO-reMaToJIOTiYHUX KPUTEPiiB Ta
iMyHO(EHOTUITYBaHHS JIiM(POLIUTIB NepudepruIHOi KPo-
Bi. Cramito 3aXxBOpIOBaHHSI BU3HAYaJIM 3a Kiacudikalli-
amu Rai 3i cmiBast. [10, 11], Binet 3i cmiBaBT. [12] Ta
MixnapoaHoi poboyoi Hapagu 3 XJIJI 1989 p. [13].

OCHOBHY Tpyly ckjiaad 34 MalieHTH, OIpPOMiHEeHi
BHacJinoK YopHoOUIbChKOI KaTacTpodu: 30 yyacHUKIB
JikBigawii HacaiakiB YopHoouibebkoi aBapii (YJIHA) ta
4 eBakyiioBanux 3 M. [Ipur’ate. Cepen YJIHA 25 6panmn
y4acTh B JIiKBifallii HacjinkiB aBapii y 1986 p., 5 — B
1987—1989 pp. o rpynu nopiBHSHHS BXOAUIO 27 XBO-
pux Ha XJIJI, gKi He MajlM B aHaMHe3i BILUIMBY i0Hi3y10-
YOro BUMOPOMiHEHHsI. XBOPi OCHOBHOI I'pylu i rpynu
MOPIBHSIHHS CTaTUCTUYHO HE PO3Pi3HSIMCH 3a CTATTIO,
BiKOM, CTaJIi€10 3aXBOPIOBAHHS MPU MOCTAHOBLI AiarHO-
3y, MyTaliitHUM ctatycoMm IGHV reHiB (tadm. 1).

PHK xBopux /151 mpoBeaeHHSI €eKCIIPECiHHOro aHai3y
BUIIISUIM 3 MOHOHYKJIeapiB neprupepruyHoi KpoBi METO-
JIOM i30TioliiaHaT-(QeHOJI-XJI0poOPMHOI €KCTpaKIii 3a
Chomczynski, Sacchi [14]. KommiemeHTapHy JIHK
(xkIHK) cunresysanu 3 1 Mkxr TotanbHoi PHK 3 BuKO-
pucranHsM Habopy Revert Aid First Strand ¢cDNA
Synthesis Kit (Thermo Scientific), ciigyroun pekomeH-
JaiuisiM BUpOOHHUKA.

BuszHauanu ekcrnpecito OCHOBHOIO TPpaHCKPUIITY reHa
SORL]1 i TpboX HaMOINBII OXapaKTepU30BaHUX aJIbTep-
HaTUBHMX TpaHCKpUNTiB — SORL I-A2 [9], BapiaHTiB B
ta F [7], 3 BUKOpUCTAHHSIM MpaiiMepiB, BKa3aHUX Yy
BianosigHUX podboTtax. Excrnpecito reHa riilepanbierii-

mutational status of heavy chain immunoglobulin
(IGHYV) genes is poorly studied. In addition, the
expression of alternative transcripts of SORL I gene
has been described in the last years [7—9].

OBJECTIVE

Therefore, the aim of our work was to study clini-
cal-hematological data and expression of the main
and alternative transcripts of SORL I gene in CLL
patients. The study was performed on a group of
patients, affected by the Chornobyl catastrophe,
the majority of which were clean-up workers.

MATERIAL AND METHODS

The studied cohort included 61 CLL patients, 53
males (86.9 %) and 8 females (13.1 %), aged from 40
to 77 years, mean age (59.96 + 1.12) years, median
60 years, referred to the State Institution «National
Research Center for Radiation Medicine of the
National Academy of Medical Sciences of Uk-
raine». The study was approved by the local Ethics
Review Commiittee, and all patients gave informed
consent prior to participation in it. The diagnosis of
CLL was based on clinical history, lymphocyte mor-
phology, and immunophenotypic criteria. Stage of
disease was established by Rai et al. [10, 11], Binet et
al. [12], and International Workshop on CLL [13].

The main group included 34 patients, suffered
due to Chornobyl accident: the Chornobyl acci-
dent consequences clean-up workers (ACCW, n =
30) and evacuees from Pripyat city (n = 4).
Twenty-five CLL patients were clean-up works of
1986, and five were clean-up workers of 1987—
1989. The control group included 27 CLL patients
with no impact of ionizing radiation in a history.
Groups of patients were comparable by age, sex,
stage of disease, mutational status of IGHV genes
(Table 1).

Total RNA was extracted from peripheral blood
mononuclear cells through thiocyanate-phenol-
chloroform extraction by Chomczynski, Sacchi to
perform the expression analysis [14]. Comple-
mentary DNA (cDNA) was synthesized from 1 ug
RNA using RevertAid First Strand cDNA Syn-
thesis Kit (Thermo Scientific), according to the
supplier’s instructions.

The expression levels of the main gene transcript
SORL1 and three most characterized alternative
transcripts (SORLI-A2) [9], B and F variants [7])
were studied using primers specified in relevant
works. The expression levels were normalized to
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Ta6nuusa 1
Kniniko-remartonoriyni nokasHmku xsopux Ha XJ1J1 0CHOBHOT rpynu Ta rpynu nopiBHAHHA
Table 1
Baseline clinical characteristics
P— KinbkicTb xBOpux, adc (%) / Number of patients, (%) %Z)é)i)r'i(ﬂ:g:::ﬁ
Characteristics OcHoBHa rpyna, n = 34 F'pyna nopiBHsIHHS, n = 27 p
The main group, n = 34 The control group, n = 27 p value
Bik, poku; mepiaHa (poskua) / Median age, y (range) 59,0 (40-75) 61 (45-77) 0,232
Crarb / Sex, n (%)
yonosiya / male 31(91,2) 22 (81,5) 0.447
XiHoua / female 3(8,8) 5(18,5) '
Crapjs 32 Rai / Rai stage at diagnosis, n (%)
0 2(5,9) 2(7,4)
| 10 (29,4) 8 (29,6)
Il 16 (47,0) 7 (26,0) 0,363
I} 4(11,8) 8 (29,6)
v 2(59) 2(74)
Crapjs 3a Binet / Binet stage at diagnosis, n (%)
A 12 (35,3) 10 (37,0)
B 16 (47,0) 7 (26,0) 0,138
C 6 (17,7) 10 (37,0)
M IGHVreun / M IGHV genes, n (%) 6 (17,6) 7(25,9) 0.534
UM IGHV renn / UM IGHV genes, n (%) 28 (82,6) 20 (74,1) ’

3docdar-gerinporenasn (glyceraldehyde-3-phosphate-
dehydrogenase, G3PDH) BusHavanu $IK KOHTpPOJIb
(ekcmpecisl reHa-HOpMaJi3aTopa).

ITonimepasHy nanuporosy peakiito (ITJIP) B peanbHO-
My 4daci poBoauin 3 2 MK KJIHK B peakmiiiniit cyminri
3arajibHUM 00'eMOM 25 MK, 110 BKiItoyana 1 MkM mps-
MOTO i 3BOpOTHOro ImpaiimepiB Ta cymim aias [1JIP
Absolute Blue gPCR SYBR Green Fluorescein (Thermo
Scientific). Pexmm ammniidikanii OyB HaCTYITHUM:
iHitianisg — 95 °C, 15 xB, 45 nuxJiB amrutigikartii (95 °C
—15¢,60°C —30¢, 72 °C — 30 c). Bci I1JIP peakiiii 0y-
Ju nposeneHi aBivi. Koxen ITJIP mporiH BKiIwouyaB
KOHTpOJi Ta 3pa3ok-KaniopaTop (kIHK 3mopoBoro mo-
Hopa).

OLiHKy pe3yJbTaTiB peakliii MpOBOAWIN 3a BU3HAUYEH-
Hsim noporosoro 1ukity Ct (threshold cycle), sikuit BKazye
Ha mepexin rpadika amrntidikamii 3 JiHIHOI 0 €KCIT0-
HeHLiHOI (a3u. 3acCTOCOBYBAJIM METOI PO3PaXyHKY
BiJHOLLIEHHS TOpOoroBux LUKIIB — AACt. BigHocHy
eKcrpecito/KinbKictb (RQ, relative quantity) mpeacrasisi-
JIA Y BUTVISIAI KPaTHOI Pi3HULL, 10 JOpiBHIOBaIa 2C44CY,

Myraniiauii ctatyc /IGHV reniB, myraiiii reHiB 7P53 i
SF3B1 BuzHauyanu metrogom IIJIP 3 HacTynmHUM cekBe-
HYBaHHSIM, sIK OIMCaHO paHime [15, 16].

INoxa3auky 3araabHOTO BIKMBaHHS (overall survival,
OS) pospaxoByBanu 3a mMetogoM Kamnana-Meiiepa i
log-rank TecroM. KpuTHYHUM 3HAYEHHSIM BipOTiTHOCTI
BBaxxanu p < 0,05. CtaTucTUUHY OOPOOKY MPOBOAMIN Y
nporpami SPSS 20.0 Software Package (SPSS, CILIA).

the expression of the housekeeping gene G3PDH
(glyceraldehyde-3-phosphate-dehydrogenase) as
the control.

Quantitative Real-time polymerase chain reac-
tion PCR (RT-qPCR) was carried out with 2 ul of
cDNA in a 25 pl reaction mixture containing
1 uM of each primer and Absolute Blue qPCR
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 °C for 15's, 60 °C for 30 s and 72 °C for
30 s. All reactions were done in duplicate. Each
PCR run included controls and a sample calibrator
(healthy donor cDNA).

The evaluation of the reaction results was per-
formed by determining the threshold cycle Ct,
which indicates the transition of amplification
graph from linear to exponential phase. Method of
calculating the ratio of threshold cycles (AACt) was
used. Relative expression/quantity (RQ) was repre-
sented as a multiple difference equal to 224,

Mutational status of IGHV genes, TP53 and
SF3B1 mutations were determined by PCR followed
by direct sequencing as reported previously [15, 16].

Overall survival (OS) was evaluated by Kaplan-
Mayer method using log-rank test. P values < 0.05
were considered as statistically significant. All
analyses were performed with the SPSS software
package, version 20.0.
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PE3VIJIBTATU

BinHocHUIT piBeHb eKCIpecii OCHOBHOIO TPaHCKPUIITY
reHa SORL I y 3pa3kax reprudepnIHOi KPOBi XBOPUX OYB
HU3BKUM i KoauBaBcs B Mexkax Biax 0,02 no 8,39 yMoOBHUX
onuHulb (yM. of.); (1,71 £ 0,55, meniana 0,57). Cepen
obcrexxennx xpopux Ha XJIJ1 y 48 Bunankax (78,7 %) y
JIEMKeMiYHUX KJIiTMHaX OyJjla BU3HAUeHa €KCIIpecisl He-
myroBaHux (unmutated, UM) IGHV reniB, ay 13 Bunan-
kax (21,3 %) — myroBanux (mutated, M) IGHV reHiB.
Bunanxu XJIJI 3 UM IGHV 3a piBHeM ekcrnpecii OCHOB-
HOro TpaHcKpunty reHa SORL I nocToBipHO He Bimpi3-
HSUTMCH Bifl MyTOBaHMX BUIankis: (2,00 = 0,69) ym. ox. i
(0,84 = 0,28) ym. ox., BianosigHo, p = 0,358.

CyTTeBUX pO30iXKHOCTEN B piBHI €KCIpecii OCHOBHOTO
Tparckpunty reHa SORLI y XBopux OCHOBHOI TpyIH i
I'PYIH MMOPiBHSAHHS He BUSIBJIEHO (Tab. 2).

PiBeHb excripecii ocHOBHOTO TpaHCKpunTy reHa SORL [
He 3ajiexXaB Bim crati oocrexxeHux xsopux (p = 0,356),
iXHBOTO BiKy 10 65 pokiB uu crapie (p = 0,793), cramii
3aXBOPIOBaHHSI HA MOMEHT AiarHocTuKHU (p = 0,567).

Cepen 00CTEXXKEHUX XBOPUX Y CEMU OYJIU BUSIBJICHI MY-
tauii reHa TP53, ay 12 — mytauii reHa SF3B1. PiBeHb
eKcIpecii OCHOBHOTO TpaHCcKpunTy reHa SORL 1 He 3a-
JIexXKaB Bill HasBHOCTI/BiICYTHOCTI 3raJaHUX BUILE MY-
tauiii, p = 0,356 i p = 0,988, BignmosigHoO.

Excripecist anbTepHaTUBHOIO TPAaHCKPUNTY B He BUsIB-
JIEHa B XKOJTHOMY BUIAJIKY, SIK cepel xBopux Ha XJIJI, Tak
i B MOHOHYKJIeapax 3J0pOBUX JOHOPIB.

Excnpecis ansrepHaTUBHOTO TpaHCKpUNTy F BHsiBIIe-
Hay 9 BUMagKax Ha BKpali HU3bKOMY PiBHI — ITOPOTOBUIA
IIMKJT KOJIMBaBCS B MexKax 38—42, Tofi K TSI KOHTPOJIb-
HOTro TreHa BiH CTaHOBMUB B cepenHbomy 22,3 *= 0,12.
OCKIJIBKM €KCITpeCist aJIbTepHATUBHOTO TPAHCKPUIITY He
BU3HAYaJIach y 3I0POBUX JTOHOPIB, IIPOBECTU KiIbKiCHY
OLIIHKY piBHS eKcrpecii 0y10 HeMOoXJIMBO. B moganblio-
My eKcrpecito TpaHckpunty F Mu He aHamizyBanm.

Excnpecist ansrepHaTMBHOTO TpaHCKpunTy SORLI-A2,
1110 HE MiCTUTb MOCJIiAOBHOCTI APYroro eK30Hy, OyJia BUSIB-
JIeHa B MOHOHYKJIeapax 310pPOBUX JJOHOPIB i B yCiX 00CTexXe-
HUX XBopHX. PiBeHb eKcrpecii y MOHOHYKJIeapax nepude-

Ta6nuusa 2

RESULTS

Relative expression level of the main SORL I gene
transcript in peripheral blood samples received
from patients was low and ranged from 0.02 to
8.39 (mean 1.71 = 0.55, median 0.57). There were
48 cases among the CLL patients (78.7 %) with un-
mutated (UM) IGHV genes and 13 cases (21.3 %)
with mutated (M) IGHV genes among the
observed CLL patients. Expression of main
SORL I gene transcript did not differ in UM IGHV
(2.00 £ 0.69) and M IGHV (0.84 = 0.28) CLL
cases, p = 0.358.

Significant differences in the expression level of
the main SORL I gene transcript in patients of the
main and the control group were not detected
(Table 2).

We did not find any associations between relative
expression level of the main SORL I gene transcript
and gender (p = 0.356), age of patients (p = 0.793),
stage of disease (p = 0.567).

TP53 mutations were revealed in seven, and
SF3B1 mutations were revealed in 12 of observed
patients. Expression of the main SORL I gene tran-
script was not associated with mutations of TP53
(p =0.356) or SF3B1I (p = 0.988) genes.

Expression of B alternative transcript was not
detected in any case, namely neither in CLL
patients, nor healthy donors.

The alternative F transcript was expressed at a very
low level in 9 patients (the threshold cycle ranged
from 38 to 42, whereas it averaged 22.3 = 0.12 for
the housekeeping gene G3PDH. Because the
expression of the alternative transcript was not
determined in healthy donors, it was not possible
to quantify the level of expression. Subsequently,
the expression of transcript F was not analyzed.

SORL I-A2 transcript expression was revealed in
mononuclears of healthy donors and all observed
CLL patients. This transcript lacks the sequence of
the second exon. Relative SORL I-A2 expression

BigHocHuMI piBeHb eKcnpecii 0CHOBHOro TPaHCKPUNTY reHa SORL1 y xBOpUX OCHOBHOT rpynu i rpynu nOpiBHAHHA

Table 2

Relative expression level of the main SORL1 gene transcript in patients of the main and the control group

Fpynu naujeutiB

RQ excnpecii 0cHOBHOro TpaHckpunTy reHa SORL1, ym. og.
RQ expression level of the main SORL1 gene transcript

M IGHVrenu / cases

UM IGHVrenu / cases

Groups of patients & uinomy / all patients
OcHogHa / The main 2,14 +1,08
MopisHsiHHG / The control 1,57 0,43
BiporignicTb / p value 0,679

0,85 + 0,34 2,14 +1,08
0,76 = 0,21 1,93 £ 0,56
0,882 0,901
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pryHoOi KpoBi xBopux Ha XJIJI 3HauHO BapitoBas: Big 0,01
yM. of. 10 90,51 yM. on. i cTaHOBUB B cepeaHbomy (14,1 =
6,04) ym. on., memiana — 3,48 yM. on. 3a MmokasHUKaMU
eKcripecii BigHocHO menianu Buraaku XJLJI Oynu posmnomi-
JIEHi Ha JIBi miarpynu: A — 3 BiTHOCHO BUCOKUM (TIEpEBU-
1LIyE MeJiaHy, CTaHOBUTH B cepeaHboMy (30,05 £ 11,55) ym.
o1. Ta B — 3 HM3bKMM piBHEM eKcrpecii (HIK4Ie 3a Meiany,
CTaHOBUTH B cepeaHboMy (1,34 = 0,46) ym. oxd.).
Po36ixxHOCTI MiXK miarpyrnamu oyau BiporinHi (p < 0,001).

Excnpecisa tpanckpunty SORL I-A2 TO3UTUBHO KOpe-
JIIoBajla 3 €KCIIPECi€l0 OCHOBHOIO TPAaHCKPUINTY IeHa
SORLI (r=10,776; p = 0,001).

Bunagku XJIJI 3 UM IGHV 3a piBHeM excmpecii
TpaHcKpunTy SORL I-A2 1OCTOBIpHO HE BiApi3HSJINCH
Big MyToBaHuX BumazakiB: (17,91 = 8,15) ym. om. i
(4,19 £ 2,3) ym. on., BianosinHo, p = 0,323. o miarpy-
nv A BiIHOCUBCS OIMH i3 13 JocCiiIKeHUX BUIIAAKIB
XJUI3M IGHV renamu (7,7 %), a cepen Bumankis 3 UM
IGHV — Bicim i3 48 (16,7 %), p = 0,669.

CyTTeBUX po30ixKHOCTE B piBHI eKcCIpecii TpaH-
ckpunty SORL I-A2 y XBOpUX OCHOBHOI TPYIM i Ipymnu
MOpiBHSIHHA He BusiBieHo: (20,75 £ 17,61) ym. ox. Ta
(11,54 £ 5,46) ym. ox. BianosigHo; p = 0,512.

PiBeHb exkcnpecii ajJbTepHATMBHOTO TPAHCKPUIITY
SORL I-A2 He 3ajiexaB Bill CTaTi 0OCTEXXEHUX XBOPUX
(p = 0,437), HagBHoCTi myTauiit reHa TP53 (p = 0,935) ta
reHa SF3B1 (p = 0,445). Xoua B cepeTHbOMY HE BHUSIBIIC-
HO JOCTOBIpHMX pO30iXKHOCTEI y piBHI eKcIpecil TpaH-
ckpunity SORLI-A2 y XxBopux A0 Ta crapine 65 pokiB
((9,05£4,69) ym. on.1(27,22 £ 18,07) yM. 0of1., BiAIIOBIIHO;
p = 0,187), cepen ocibd BikoM ImoHan 65 poKiB MaLi€HTH 3
BUCOKHMM pPiBHEM eKCIIpecil 3ycTpivaiuch yacriiie (IIicTh
i321; 28,6 %), HixX cepell GLIbIII MOJIOIIMX XBOPUX (TPH i3
40; 7,5 %), p = 0,037. KinbKicTb BUIIAIKIB 3 BiTHOCHO BU-
coknM piBHeM ekcripecii SORL I-A2 3Ha4yHO 30iIbITyBa-
Jachk y xBopux Ha ctanii C 3a Binet (p = 0,001) (puc. 1).

Excnpecis ocHoBHOro TpaHckpunty reHa SORL I 6yna
MpencTaBieHa K Oe3lepepBHa 3MiHHA i MU HE 3MOIJIA
BUIUIMTHU TPy XBOPUX 3 BUCOKMM Ta HU3BKUM PiBHEM
ekcripecii. lle yHeMOXIMBIIIOBAJIO aHali3 3arajJlbHOTO
BIDKMBaHHS 3a crtatuctukoro Kamnana-Meiiepa. Tomy
MU AOCHIAWAU CepelHiil piBeHb eKCIpecii OCHOBHOTO
TpaHckpunTy reHa SORLI cepen XBOpUX 3 KOPOTKUMU
MOKAa3HUKAMU TPUBAJIOCTI XKUTTS (4O ABOX POKIB) i
OifbLI TPUBAJIUM 3arajJlbHUM BUKMBAHHSIM (Tabu1. 3). Ak
BUOHO 3 TIpeACTaBJIeHUX JaHUX, y xBopux 3 UM IGHV
reHaMu OiJibl BUCOKUI piBeHb OCHOBHOTI'O TPAHCKPUII-
Ty reHa SORL I criocTepiraBcs cepesi Mali€HTiB 3 HECIT-
PUSITIMBUM MepediroM 3aXBOPIOBAHHS.

AHajoriyHi naHi 0yjaud oTpMMaHi CTOCOBHO €KCIIpecii
SORLI-A2. Tak, 3a HemyToBaHoro ctatycy IGHV renin

level in the peripheral blood mononuclear cells
from CLL patients ranged from 0.01 to 90.51
(mean 14.1 £ 6.04, median 3.48). The median
SORLI-A2 value (3.48) was used as the cut-off
value to designate increased (mean 30.05 *+ 11.55;
subgroup A) vs low expression (mean 1.34 £ 0.46;
subgroup B) cases selected in two respective sub-
groups . Differences between subgroups were sig-
nificant (p < 0.001).

SORL I-A2 expression correlated with the expres-
sion of the main SORL I transcript (r = 0.776;
p = 0.001).

There was no significant difference between CLL
cases with UM IGHYV in expression level of SORL I-
A2 transcript from mutated cases, specifically
(17.91 £ 8.15) units and (4.19 £ 2.3) units, respec-
tively, p = 0.323. Subgroup A included one of 13
(7.7 %) studied CLL cases with M IGHV genes and
eight of 48 (16.7 %) UM IGHYV cases (p = 0.669).

Significant differences in SORL I-A2 expression
in patients of the main (20.75 £ 17.61) and the
control group (11.54 £ 5.46) were not detected
(p =0.512).

The expression level of alternative SORLI-A2
transcript did not depend on gender of study sub-
jects (p = 0.437), TP53 mutations (p = 0.935), or
SF3BI mutations (p = 0.445). Despite the fact that
no differences were revealed in levels of SORL I-A2
expression in patients over 65 years (27.22 + 18.07)
and younger patients (9.05 * 4.69), p = 0.187,
cases of subgroup A were however more frequently
found among patients over 65 years (6 from 21,
28.6 %) compare to younger patients (3 from 40,
7.5 %), p = 0.037. The number of cases with rela-
tively high SORL I-A2 expression level increased in
patients on Binet C stage (p = 0.001) (Fig. 1).

Expression of the main SORL I transcript was
presented as continuous variable and we could
not identify groups of patients with low and
high expression. This made it impossible to
analyze OS by Kaplan-Mayer method. The-
refore, we analyzed mean expression level of the
main SORL] transcript in patients with short
(two years or less) and more longer OS (Table 3).
As can be seen from the presented data, in
patients with UM IGHV genes a higher level of
the main SORL I transcript was observed among
patients with an unfavorable course of the dis-
ease.

Similar data were obtained for the SORLI-A2
expression and OS of patients. Thus, with the
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PucyHOK 1. KinbKictb BUnaakie 3 BigHocHO
BUCOKUM piBHEM eKcnpecii afibTepHaTMBHOIO
TpaHckpunTy SORL1-A2 y XxBOPUX HA Pi3HUX
ffffffffffffffffffffffffffffffffffffffff crapiax XJUI 3a Binet

N
(=}
|

% BUNagKiB / % cases
wW
o

—_
o
|

Figure 1. The number of cases with increased
SORL1-A2 expression in CLL patients on differ-
ent Binet stages

Ta6nuusa 3
BigHoCHUMI1 piBeHb eKcnpecii 0CHOBHOIO TPAHCKpUNTY reHa SORL1 y xBopux 3aJ1eXKHO Bif TPUBANOCTI 3aranbHOro
BUXUBAHHA

Table 3
Relative expression level of the main SORL1 gene transcript in patients with different overall survival

RQ excnpecii ocHOBHOro TpaHCcKpUNnTy reHa SORL1, ym. op.

TpuBanicTs 3aranbHOro BUKUBAHHS RQ expression level of the main SORL1 gene transcript

Overall survival

B uinomy / all patients M IGHVreuu / cases UM IGHVrenm / cases
[o 24 wic. / Two years or less 2,20 = 0,67 0,96 = 0,68 2,57 +0,82
Binbwwe 24 mic. / More than two years 0,11 £ 0,02 0,14 £ 0,02 0,10 £ 0,03
BiporigHicTb / p value 0,045 0,607 0,035
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PUCYHOK 2. MoKa3sHMKMN 3aranbHOro BUXKUBAHHA xBopux Ha XJU1 3 HemyToBaHuMu IGHV reHamu i pisHuM
piBHeM eKkcnpecii TpaHckpunTy SORL1-A2: Buwe (cyuinbHa niHia) Ta HUKYe 3a 3,84 yM. oA. (NYHKTMpHA)

Figure 2. Overall survival of CLL patients with UM IGHV genes and different expression level of SORL1-A2:
lower (dotted) and above 3.84 (solid line)
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TIOKa3HUKU 3araJIbHOTO BMXKMBAHHS Pi3KO BiIPi3HSUIUCH Y
XBOPUX 3 BiTHOCHO BUCOKHMM piBHEM €KCIIpecii TpaH-
ckpunty SORL I-A2: meniaHa cTaHOBWIIA 9 Mic. 71T XBOPHUX
nigrpynu A ta 61 mic. i xsopux miarpynu B; p = 0,0001
(puc. 2). Y xBopux 3 MmyroBaHuM ctatycoM IGHV TeHiB
TUTbKA B OJAHOMY BUMAAKYy CIOCTEpPiraBcs BUCOKUMA
piBeHb ekcrpecii TpaHckpunty SORL I-A2, ToMmy aHai3
3arajJlbHOrO BMKMBaHHS 3aJI€XKHO Bill 1IbOTO MOKa3HUKA
HE TTPOBOIAMIIN.

OBI'OBOPEHHAA

Takum ynHOM, OTpUMaHi HAMU pe3yJbTaTu MiATBEePANIN
HU3bKUI piBeHb ekcrpecii reHa SORL/ y XBopux Ha
XJIJI, B TOMy 4uMcIi i TMX, XTO MOCTpaxkKaaB BHACIIiTOK
aBapii Ha Yopnoomincekiit AEC. Bnepire BusiBieHO
eKCITpecito anbrepHaTUBHOrO TpaHCKpUITY SORL I-A2y
xBopux Ha XJIJI. BctaHOBIEHO HECTIPUSATIMBE MPOrHOC-
TUYHE 3HA4YeHHs migBuIlleHoi ekcrpecii reHa SORLI y
xBopux Ha XJIJI. Crig 3a3HauMTH, 110 aHAJIOTIYHI maHi
OTPUMAJIN ¥ AOCTITHUKMU CTOCOBHO MAIliBEHTIB 3 iHIIM-
MU ¢dopmaMu JiMbonpostihepaTUBHUX 3aXBOPIOBaHb.
3okpeMa, MiABUILIEHUI PiBEHb PO3YMHHOTO (hparMeHTy
SORL1 y cupoBatili KpoBi OyB BUSIBJICHU# Y XBOpPUX Ha
rocTpi Jiefikemii MienoimHOro Ta JiM(pOITHOIO IMOXOJI-
JKeHHS 3a BiICYTHOCTI pewmicii [2]. Zhang et al. [17] Busi-
BUJIM BUCOKMUI piBeHb ekcmpecii reHa SORLI y
CD34(")CD38(7) reMOITOeTUYHUX KIITUHAX, TTPUIOMY
eKcIpecist Oysia BiZICYTHS y OUIbII 3piIMX KJIiTUHAX, ITO-
yuHatoun 3 CD34(*)CD38(") KIiTMH-IOIEePEeTHUILb.
Tinbku 4otupu OinkM OyaM XapakTepHi came IJs
CD34(")CD38(7) xumitun: SORLI; cepuHdocdarasa,
1o crelr@iyHo iHAKTUBYE MITOreH-acoliioBaHi KiHa-
34; Ta JBa OiIKM HEBiZOMOI (DYHKIII, SIKi TaAKOX MpHU-
CYyTHi y HEWpoHaX T'OJIOBHOTO MO3KY IJIOAIB. ABTOpU
BBaXKalOTh, 1110 Li OLUIKK BaXKJIMBI AJ1sI TTIATPUMaHHS Y1y
CTOBOYPOBUX KJIITUH Pi3HOTO MOXOMXKEHHS. Y XBOPUX Ha
nudy3Hy JiMboMy 3 BeTMKUX B-1iMOIINTIB 3 KOHIIEHT-
pauietro pozunHHoro SORLI y cupoBaTui Kposi 18,1
HI/MJI Ta BUIE MOKA3HMKHU OBOPIYHOTO 3arajJbHOro i
0e3peIMANBHOIO BIKMBAHHS OyJIM AOCTOBIpHO Tiplii,
HiXX y TIAlli€EHTIB 3 OiAbII HM3bKOI KOHIIEHTPAIIIEIO
SORL1: 56,4 % nipotu 89 % (p < 0,0001) Ta 56,9 % 1npo-
™ 85,8 % p < 0,0001), BignosigHo [18—20]. OgHax,
OiTbII BaromMe MPOrHOCTUYHE 3HAUYCHHS MaJia TTiaBUIIeHa
€KCIIpecist ajlbTepHaTUBHOIO TpaHCKpunty SORLI-A2,
dKa crocTepiragach MNepeBaKHO y XBOPUX 3 BKpail KO-
POTKOIO 3arajibHOl TpuBajicTO XUTTs. Lli maHi oTpu-
MaHi Hamu Brepiue. g 3’scyBaHHS BipoTigHUX MPHU-
YUH HEraTUBHOI'O MPOTHOCTUYHOTIO 3HAUEHHS eKCIpecii
aJIbTepHATUBHOTO TpaHCKpUITY SORL I-A2 oTpiOHI 10-
JMAaTKOBI JOCTiAXKEHHS.

unmutated status of IGHV genes thr overall sur-
vival rates differed sharply in patients with rela-
tively high levels of SORL I-A2 transcript expres-
sion: the median was 9 months for patients of sub-
group A and 61 months for patients of subgroup B;
p=0.0001 (Fig. 2). In patients with M IGHV genes
there was only one case with increased SORL I-A2
transcript expression, so analysis of OS was not
possible.

DISCUSSION

Thus, our results confirmed the low level of
SORL 1 gene expression in CLL patients, includ-
ing those affected by the Chornobyl NPP acci-
dent. The expression of an alternative SORL I-
A2 transcript in CLL was detected for the first
time. An unfavorable prognostic value of
increased of SORLI gene expression in CLL
patients has been established. Similar data were
obtained by other authors concerning patients
with other lymphoproliferative diseases. In par-
ticular, elevated levels of soluble SORLI were
found in serum of acute lymphoid and myeloid
leukemias in the absence of remission [2].
Zhang et al. [17] found a high level of SORL 1
expression in CD34(T)CD38(") hematopoietic
cells and the absence of expression in more
mature cells, starting from CD34(*)CD38(*)
cells. Only four proteins were specific to
CD34(*)CD38(") cells: SORLI; serine phos-
phatase that inactivates mitogen-associated
kinases, and two proteins of unknown function
that are also present in fetal brain neurons. The
authors suggested that these four proteins are
important for maintenance of stem cell pools of
various origin. Two-years overall and relapse-
free survivals of diffuse large B-cell lymphoma
patients with serum concentration of soluble
SORL1 18.1 ng/ml and above were significant-
ly worse than in patients with lower concentra-
tion of SORLI: 56.4 % vs 89 % (p < 0.0001)
and 56.9 % vs 85.8 % (p < 0.0001), respectively
[18—20]. But, in our work increased SORLI-A2
expression had a more significant prognostic
value than SORL1 expression. It was observed
mainly in CLL patients with very short OS. This
data were obtained for the first time. Additional
studies are needed to determine the possible
causes of such negative prognostic value of
SORL1-A2 expression.
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BUCHOBKHA

1. Ekcnipecist reHa SORL I B tefiKeMiYHUX KJIITUHAX XBO-
pux Ha XJIJI HU3bKa i He 3a1eXKUTh BiJl OUIbIIOCTI MOJe-
KyJIsIpHO-TeHeTUYHUX (MyTauiiitnuii ctatyc /IGHV TeHiB,
myTalii reHiB TP53 i SF3BI) Ta KIiHiIKO-TeMaToJIOriy-
HUX O3HaK (CTaTh, BiK XBOPUX, CTalisl 3aXBOPIOBAHHS).
2. g xsopux Ha XJIJI xapakTepHa eKcrpecist ajbrep-
HaTuBHOro TpaHckpunty SORLI-A2, 3a piBHeM sIKOi
XBOPi YiTKO pO3MOIiISIOTECI Ha ABI MiATPYIU: 3 BiTHOC-
Ho BucokuM (30,05 = 11,55 ym. oa.) Ta 3 HU3bKUM
piBHeM excrpecii (1,34 £ 0,46 ym. ox.).

3. BizHOCHO BUCOKHUIT piBeHb €KCIpecii aTbTepHATUBHO-
ro tpaHckpunry SORLI-A2 y XBopuX 3 HEMYTOBaHUM
cratycoM IGHYV reHiB acouiiioBaHMil 3 BKpail HETaTUB-
HuM Tiepedirom XJIJI (MemiaHa 3arajJbHOTO BIDKMBAHHS
9 Mic. mpotu 61 Mic. 3a HU3bKOTO PiBHS €KCIIpecii).

4. 3a eKcIpeci€l0 OCHOBHOTO i aJItTEpHaTUBHUX TpaH-
ckpunrtiB reHa SORL I xBopi Ha XJIJI, gKi mocTpaxxaaiu
BHacaigok aBapii Ha YopHoomnncekiit AEC, He Bigpi3-
HSIIOTHCS BiJl TALLiEHTIB I'PyIY MOPiBHSIHHSIL.

CMUCOK BUKOPUCTAHUX OXEPEN

1. Molecular characterization of a novel human hybrid-type receptor
that binds the alpha2-macroglobulin receptor-associated protein / L.
Jacobsen, P. Madsen, S. K. Moestrup et al. J. Biol. Chem. 1996.
Vol. 271, Ne 49. P. 31379-31383. doi: 10.1074/jbc.271.49.31379.

2. Circulating soluble LR11/SorLA levels are highly increased and ame-
liorated by chemotherapy in acute leukemias / S. Sakai, C. Naka-
seko, M. Takeuchi et al. Clin. Chim. Acta. 2012. Vol. 413, Ne 19-20.
P. 1542—1548. doi: 10.1016/j.cca.2012.06.025.

. Cell-of-origin subtyping of diffuse large B-cell ymphoma by using a
gPCR-based gene expression assay on formalin-fixed paraffin-
embedded tissues /W. H. Yan, X. N. Jiang, W. G. Wang et al. Front.
Oncol. 2020. Vol. 10. e803. doi: 10.3389/fonc.2020.00803.

. Circulating LR11 is a novel soluble-receptor marker for early-stage
clinical conditions in patients with non-Hodgkin’s lymphoma / K.
Fujimura, H. Ebinuma, |. Fukamachi et al. Clin. Chim. Acta. 2014.
Vol. 430, Ne 20. P. 48-54. doi: 10.1016/j.cca.2013.12.039.

. Integrative analysis of DNA copy number, DNA methylation and gene
expression in multiple myeloma reveals alterations related to relapse
/ P. Krzeminski, L. A. Corchete, J. L. Garcia et al. Oncotarget. 2016.
Vol. 7, Ne 49. P. 80664—80679. doi: 10.18632/oncotarget.13025.

. Low density lipoproteins amplify cytokine-signaling in chronic lym-
phocytic leukemia cells / L. McCaw, Y. Shi, G. Wang et al.
EBioMedicine. 2017. Ne 15. P. 24-35. doi: 10.1016/j.ebiom.2016.
11.033.

7. An intronic ncRNA-dependent regulation of SORL1 expression affect-
ing Abeta formation is upregulated in post-mortem Alzheimer’s dis-
ease brain samples / E. Ciarlo, S. Massone, I. Penna, M. Nizzari et
al. Dis. Model Mech. 2013. Vol. 6, Ne 2. P. 424—433. doi: 10.1242/
dmm.009761.

CONCLUSION

1. Relative expression level of the main SORLI
gene transcript in CLL cells was low and did not
depend on most of clinical (gender, age, stage at
diagnosis) and molecular-genetic characteristics
(mutational status of IGHV genes, TP53 and
SF3BI mutations).

2. Expression of alternative SORL I-A2 transcript
was found in CLL cells. Two subgroups of CLL
patients with low (1.34 + 0.46) and increased
(30.05 £ 11.55) SORL I-A2 expression were iden-
tified.

3. Increased SORLI-A2 expression in patients
with UM IGHYV genes was associated with an ex-
tremely negative course of CLL (median of overall
survival 9 months vs 61 months at low expression).
4. Relative expression levels of the main and alter-
native transcripts of SORLI gene in CLL patients
survived after the Chornobyl NPP accident and in
the control group did not differ.
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