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KOMILIEKCHHUM AHAJI3 POJII IIOJJIMOP®I3MY I'EHIB
HUTOKIHIB AK ITPOTHOCTUYHOI'O YNHHUKA PU3UKY
IIJIASMOKJITUHHOI MIEJIOMMU Y OCIB, IIOCTPAXKIAJINX
BHACJIITIOK ABAPII HA YOPHOBWJIbCBKIN AEC

MeTa: HapaTv NOPiBHANBHY XapaKTePUCTUKY NMOWMPEHOCTI NONiMOP(HMX BapiaHTiB reHiB LMTOKIHIB y XBOPMX Ha Mnas-
MoKNiTUHHY Mienomy (MKM), nocTpaxaanux BHacnigok YopHoOunbCbKoi KatacTpodu, Ta NaLieHTIB, AKi KOHTAKTyBaNU
3 10Hi3yI04YNM BUNPOMIHIOBAHHAM B MeXax NPUPOAHOTro paiaLiitHoro ¢oHy, Ha NifcTaBi 3icTaBNeHHA 3 NONYNALINHUM
KOHTPOJIEM A5l BU3HAYEHHA iX BHECKY IK TeHETUYHNX MApKepiB PU3UKY 3aXBOPIOBAHHS.
Marepianu i metoau. MonekynsapHo-reHeTUYHI focnimkeHHs nonimopdismy reHis yutokiHis (TNF-o, TGF-B1, IL-6,
IL-10, IFN-y) Ta KOMNEKCHOrO aHani3y YacToT 3yCTPiYanbHOCTI B TPU-, YOTUPU-, MATUIOKYCHUX KOMBiHALisAX X anenb-
HUX BapiaHTiB K NPOrHOCTUYHUX MAPKEPiB PU3UKIB NNA3MOKNITUHHOT Mienomu npoBeaeHo y 102 nauieHTiB — 56 nocT-
paXXfanux BHacnifok aBapii Ha YopHobunbcbkint AEC Ta 46 XBOpUX, ONPOMIHEHMX Y MEXaxX NPUPOAHOro pajiaLiiHo-
ro ¢oHy, y 3icTaBNeHHi 3 rpynot KoHTponio (364 NpakTMYHO 3[0POBMX 0Ci6, XuTenis LleHTpanbHOro reHo-reor-
pacdiuHoro perioHy YkpaiHu).
Pe3ynbtatu. BctaHOBNEHO TOTOXHE BiporifHe NigBulLeHHA nowunpeHocTi reHotuny TGF-B codon 10 T/T reHa TGF-B1 B
rpynax onpomiHeHux BHacNifoK aBapii Ha YopHobunbcbkiint AEC i HeonpomiHeHMX XBOpUX. Y XBOPUX HA MNA3MOKNi-
TUHHY Mi€NOMy BU3HAYEHO NpOTeKTUBHMI edekT ons IL-10-1082 A/G i acouialis 3 pu3MKOM BUHUKHEHHS 3aXBOPIOBaH-
Ha pna IL-10 -1082 G/G.
BucHoBoOK. BiporigHa BigMiHHicTb YacToTu reHoTuny TGF-B codon 10 T/T B rpynax CNOCTEPEXEHHS WOAO KOHTPOIbHOT
rPynu Hafa€ nNigcTaBy po3mALATY el OLHOHYKNEOTUAHWIA nonimopdi3m reHa TGF-B 1 K He3anexHuit Bif, eK30reHHNX
YMHHWKIB iIMYHOr€HETUYHMIA haKTOp cxUnbHOCTI Ao po3BuTKy MKM. JlocnimKeHHs BHECKY MYNbTUrEHHUX KOMOiHALii
B3a€EMOJiT «reH—TeH» CBifYMTb NPO iX Posib B MeXaHi3aMaX BUHUKHEHHS MJa3MOKNITUHHOT MiEOMM 1 NiATBEPIKYE Ha-
ABHICTb aAUTUBHOT B3aEMOST.
KniouoBi cnoBa: nna3moknitTMHHa mienoma, untokinm TNF-o,, TGF-B1, IL-6, IL-10, IFN-y, iOHi3yl0ue BUNPOMiIHIOBAHHS,
aBapia Ha YopHobunbebkiit AEC.
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COMPLEX ANALYSIS OF THE ROLE OF CYTOKINE GENE
POLYMORPHISMS AS PROGNOSTIC FACTOR OF THE RISK
OF PLASMA CELL MYELOMA IN PERSONS SUFFERED AFTER
THE CHORNOBYL NPP ACCIDENT

Objective: to provide a comparative characterization of the prevalence of polymorphic variants of cytokine genes
in plasma cell myeloma (PCM) patients suffered after the Chornobyl disaster and patients who were in contact with
ionizing radiation within the natural radiation background, based on comparison with population controls to deter-
mine their contribution as genetic markers of disease risk.
Materials and methods. Molecular genetic studies of polymorphism of cytokine genes (TNF-c., TGF-B 1, IL-6, IL-10,
IFN-y) and complex frequency analysis of occurrence in three-, four-, and five-locus combinations of their allelic vari-
ants as prognostic markers of the risks of plasma cell myeloma was carried out in 102 patients — 56 victims of the
Chornobyl nuclear power plant accident and 46 patients irradiated within the limits of the natural radiation back-
ground, in comparison with the control group (364 practically healthy people, residents of the Central geno-geo-
graphical region of Ukraine).
Results. The same probable increase in the prevalence of the TGF-B genotype codon10 T/T of the TGF-31 gene was
established in the groups of patients irradiated after the Chornobyl NPP accident and non-irradiated patients. In
patients with plasma cell myeloma a protective effect for IL-10 -1082 A/G and an association with the risk of disease
occurrence for IL-10 -1082 G/G were determined.
Conclusion. Probable difference in the frequency of the TGF1 genotype codon10 T/T of the TGF-31 gene in the
observed groups relative to the control group provides grounds for considering this single-nucleotide polymorphism
of the TGFB 1 gene as an immunogenetic factor of predisposition to the development of PCM independent of exoge-
nous factors. The study of the contribution of multigene combinations of «gene-gene» interaction indicates their
role in the mechanisms of plasma cell myeloma occurrence and confirms the presence of an additive interaction.
Key words: plasma cell myeloma, cytokines TNF-a, TGF-B 1, IL-6, IL-10, IFN-y, ionizing radiation, Chornobyl NPP accident.
Problems of Radiation Medicine and Radiobiology. 2022;27:374-384. doi: 10.33145/2304-8336-2022-27-374-384

BCTVYII

KommnnekcHa B3aemoist (pakTopiB 30BHILLIHBOTO Cepe-
JIOBUILIA i Te€HIB iIMyHHOI BiMOBIii JIIOAMHU € BATOMOIO
CKJIaI0OBOIO PO3BUTKY XPOHIYHMX JiiMdornpoidepa-
TUBHUX HOBOYTBOPEHb, 30KpeMa IIa3MOKJIITUHHOIL
mienomu (ITKM), y ocib 3 pi3HOMaHITHUMU MyTaLliIMU
reHiB BPOIKEHOI'O0 IMYHITETY, sIKi MalTb BUCOKUA
CTYTiHb MoJiMOpdi3My i Ha CbOTOAHI PO3MISIAIOTHCS
SIK YUHHUKU PU3MKY 3aXBOPIOBAHb JIOIUHU, 3aJ€KHO
BiJl KOHKpETHUX T€HETUYHMX BapiaHTiB [1]. ¥ cBiTOBIt
HayKOBili JliTepaTypi MpeacTaBieHi JOCIiIXKEHHS 1110-
Jo acouiatuBHoro 3B’s3Ky ITKM 3 ogHOHYyKI€OTHI-
HUMU 3aMiHaMU B TIPOMOTOPHOMY PETiOHi I'eHiB psIIy

B« Tetiana F. Liubarets, e-mail: tliubarets@yahoo.com

INTRODUCTION

The complex interaction of environmental factors
and the genes of the human immune response is an
important component of the development of chron-
ic lymphoproliferative neoplasms, in particular,
plasma cell myeloma (PCM) in individuals with var-
ious mutations in the genes of innate immunity,
which have a high degree of polymorphism and are
currently considered as risk factors for human dis-
eases, depending from specific genetic variants [1].
In the world scientific literature there are studies on
the association of PCM with single-nucleotide sub-
stitutions in the promoter region of a number of
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TLRs (TLRI1, TLR2, TLR3, TLR4, TLR6, TLRI0) Ta
reHiB iHTepneiikiB (/L-1, IL-10, IL-6), Ki BIINBAIOTh
Ha KiHLEeBUI piBeHb ceKpellii, a00 eKCIpecito OiIKiB,
1110 KOAYIOThCS JAaHMMU TeHaMU, i 0OYMOBITIOIOTH IXHIO
(byHKIIiIOHATbHY aKTUBHICTH [2]. Pa3oMm 3 TUM, OUCKY-
TYIOTbCS CYMEPEWINBI MUTAHHS IIOAO TMOIIUPEHOCTI
reHeTUMYHUX MapKepiB i CTyIeHs iX acoljiallii, sIKi mo-
SICHIOIOTb €THIYHMMM OCOOJMBOCTSIMU TOMYJISLI, Te-
orpadiyHUMN YMOBaMM MPOXMWBAHHS IAlliEHTIB Ta
0OCOOJIMBOCTSIMU BIJIMBY YMHHUKIB 30BHIIITHBOTO CE-
penouma [3]. ToMy IDOCHiIHUKM BBaXKaloTh 3a He-
00XiHEe TPOBEIECHHS ITOAAJbIIOr0 BUBYEHHS IOIIM-
peHOCTi MoNiMOpP(MHMX BapiaHTIB TeHiB iMyHHOI BiI-
MOBi/i SIK TeHETUYHUX MapKepiB CKPUHIHTY MaLli€EHTIB
IIKM i yrouyHeHHS TIpUYMH po30ixKHOCTEel B Koedi-
LieHTax acolialii mosxiMopdi3zMy reHiB 3 XxapakTepuc-
TUKaMU 3aXBOpIOBaHHA [4, 5].

META

Hangaty mopiBHSIIBHY XapaKTEPUCTUKY IOIIMPEHOCTI
MoJIiIMOP(HUX BapiaHTiB FeHiB LIMTOKiHIB Y XBOPUX Ha
ITKM, noctpaxaanux BHACIigoK YopHOOUIbCHKOI Ka-
TacTpodu, Ta MAIEHTIB, IKi KOHTAKTYBaJIA 3 i0Hi3yI0-
yuM BuUIlpoMiHOBaHHAM (IB) B Mexax mpupomHOro
panianiiiHoro (oHy, Ha MiICcTaBi 3iCTaBAECHHS 3 IOITY-
JIIIIHHUM KOHTPOJIEM JJIs1 BU3HAYEHHS iX BHECKY SIK
TeHEeTUYHUX MapKepiB pU3UKY 3aXBOPIOBAaHHSI.

MATEPIAJIM 1 METOJIN

o npiopUTeTHOI rpyny CIOCTEPEXEHHS 0YJ10 BKIIIO-
yeHo 102 nmauieHTH, y TOMY 4uciai 46 XBOpUX, OIl-
POMiIHEHUX Yy MexXaX MPUPOTHOIO pafialiiiHoro boHy
(1-ma rpyma) Ta 56 mocTpaxmaaux BHACTIIOK aBapii
Ha YopHoobuibchkiit AEC (HAEC) (2-ra rpymna). Bik
nauieHTiB BapiloBaB Bim 49 mo 76 pokiB. Y Bcix
MAalieHTIB Ha eTalli TIepBUHHOIO0 OOCTEKEHHSI TTPOBe-
ngeHo cranitoBaHHs TTKM 3a knacudikauiero Durie-
Salmon (I-III ct.) [6]. XBopi Ha [TKM 3HaxomuIKCh
Ha JIiKyBaHHi y BifJIiJIeHHi pajialliiiHOI OHKOreMaTo-
Jiorii IHcTUTYTY KJliHiYHOI pagiosorii lep:xaBHoi ycTa-
HoBU «HanioHanpHUIA HAayKOBWIA LIEHTP pamdialliiiHOl
meauuHu HAMH Vkpainw». B SKOCTi KOHTpOJIO
MPUIHSITO Pe3yabTaTd AOCIIKEHHS iMyHOT€HETHY-
HOI macnopTu3auii 364 MpakTUYHO 340POBHUX OCiO,
xuteniB [leHTpanbHOrO reHo-reorpadiyHoOro peri-
OHY YKpaiHu. MoJIeKyJSIpHO-TEHETUYHI JOCiIKEeH-
Hs TosiMmopdizmy reHiB muTokiHiB TNF-o, TGF-B1,
IL-6, IL-10, IFN-y i3 3acTOCYBaHHSIM IOJIiMEepa3HO
JIAaHLIOTOBOI peakilii MPOBOAUIN 3 BUKOPHUCTAHHSIM
Habopy Cytokine Genotyping Tray («One Lambda»,
CILIA) [7].

TLRs genes (TLRI, TLR2, TLR3, TLR4, TLR6,
TLR10) and interleukin genes (/L-1, IL-10, IL-6)
which affect the final level of secretion or expression
of proteins encoded by these genes and determine
their functional activity [2]. However, controversial
issues regarding the prevalence of genetic markers and
the degree of their association are discussed, which
are explained by the ethnic characteristics of the pop-
ulation, the geographical conditions of the patients’
residence, and the peculiarities of the influence of
environmental factors [3]. Therefore, researchers
consider it is necessary to conduct a further study of
the prevalence of polymorphic variants of immune
response genes as genetic markers for screening PCM
patients and clarify the reasons for discrepancies in
the coefficients of association of gene polymorphisms
with disease characteristics [4, 5].

OBJECTIVE

To provide a comparative characterization of the
prevalence of polymorphic variants of cytokine
genes in PCM patients suffered after the Chornobyl
disaster and patients exposed to ionizing radiation
(IR) within the natural radiation background, based
on comparison with population controls to deter-
mine their contribution as genetic markers of disease
risk.

MATERIALS AND METHODS

102 patients were included in the priority observa-
tion group, including 46 patients irradiated within
the limits of the natural radiation background (Ist
group) and 56 ones injured after the Chornobyl NPP
(ChNPP) accident (2nd group). The age of the
patients varied from 49 to 76 years. PCM was staged
according to Durie-Salmon classification (I—III
stages) at the primary investigation in all patients [6].
Patients with PCM were treated in the Department
of Radiation Oncohematology of the Institute of
Clinical Radiology of the State Institution
«National Research Center for Radiation Medicine
of the National Academy of Medical Sciences of
Ukraine». The results of the study of immunogenet-
ic passporting of 364 practically healthy people, res-
idents of the Central geno-geographical region of
Ukraine, were taken as a control. Molecular genet-
ic studies of the polymorphism of the cytokine
genes TNF-a, TGF-B1, IL-6, IL-10 and [FN-y
using the polymerase chain reaction were per-
formed using the Cytokine Genotyping Tray («One
Lambda», USA) [7].
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Pesynbrat o0umcitoBav 3a 1OMOMOIOIO €JIEKTPOHHUX
Tabauib GipMu BUpodHUKa 1o Habopy Cytokine Geno-
typing Tray («One Lambda», CIIA). CraTucTuaHWA
aHaJti3 TTpoBOAWIM 3a Tporpamoro Arlequin v.3.11 Ta 3a
METOIOM OiHapHOI JIOTICTUYHOIL perpecii A1l po3paxyH-
Ky BimHomeHHs 1maHciB (OR — odds ratio) [8]. Merton
bararoakTopHOTO 3MEHIIEHHS ITPOCTOPOBOCTI (multi-
factorial dimensionality reduction, MDR) [9] Bukopuc-
TaHO IIJI1 BU3HAYEHHST B3a€EMOii MiX IMOJiMOphHUMU
BapiaHTaMM reHiB. JJ1sl BU3HAUEHHSI TUIY L€l B3aEMOil
3aCTOCOBYBABCSI MeTO, BUManKoBoro Jiicy (Random for-
est), a rpadiuHe 300pakeHHs eImicTa3y MpeacTaBiIeHo 3a
JIOTTIOMOTOI0 IeHaporpaM B3aeMopii [10].

PE3VJIBTATU TA OBI'OBOPEHHS

BuBueHHS moOIIMpPEeHOCTI ajeJbHUX BapiaHTiB I'eHIB,
TEHOTUITIB Ta TrariOTUITIOBUX CITOJy4YeHb LMUTOKiHIB
TNF-o, TGF-B1, IL-6, IL-10, IFN-y y XBOpHMX Ha
IIKM, 3anexHo Big HasBHocTi mii 1B B anamHe3i,
MPOBOIMJIOCH Y 3iCTaBJI€HHI 3 MOIIUPEHICTIO TOCTiI-
KEHUX iIMYHOT€HETMYHUX (aKTOPiB B MOMYJSIil
LleHTpanbHOro reHo-reorpa@iyHOro periony Ykpainu
(Tabm. 1).

BusgBneHo BiporinHy BiAMiHHICTb 4YaCTOTU T€HOTHU-
ny TGF-B1 codon10 T/T rena TGF-B1, sixa Oyna Bu-
11010 32 KOHTPOJbHI 3HAUYE€HHS Maiixke BABiYi, SIK B
rpyIli naui€eHTiB, MOCTpaxKaaauX BHACIIAOK aBapii Ha
YAEC, tak i B onmo3utHiit rpymi. Jlanuii ¢akr ckia-
Jla€ OCHOBY (POpMyBaHHSI OAHOHAMPABJIEHOTO aCOIlli-
aTUMBHOTO 3B’SI3KY 3 PU3MKOM BUHUKHEHHS 3aXBOPIO-
BaHHS y IpyllaXx NOPiBHSIHHS i HAaJa€ MiJCcTaBy pPO3r-
JIJaTu 1eil OJHOHYKJIEOTUIHUN MOoJaiMOopdi3M TeHy
TGF-B1 six He3alexXHWI Bill eK30TeHHMX YMHHUKIB
iMyHOreHeTUYHUIA (HaKTOP CXUJBHOCTI 1O PO3BUTKY
IIKM.

HocnimkeHHsT 0coOJUBOCTEN MOIIMPEHOCTI rario-
TUTIOBUX CIOJYYeHb T'€HIB LIMTOKiHIB y Talli€EHTIB 3
ITKM nipoBoauau 3 ypaxyBaHHSIM HaJIEXKHOCTI ajie/ib-
HUX BapiaHTiB I'€HiB SIK MPOAYLIEHTIB 3 Pi3HUM pPiBHEM
ceKpelii HUTOKiHiB (TabJI. 2).

OtpumaHi gaHi (TabJ1. 2) cBigYaTh, 1110 POIIOILT Yac-
TOT HU3BbKHUX, CEPEIHiX i BUCOKHMX MPOAYLICHTIB Mae
CBOI xapakTepHi pucu. Tak, MOIIKUPEHICTb TrarIOTUILY
TGF-B1 codon 10/codon 25 TG (npomylieHTa 3 BUCO-
KWM piBHEM CeKpellii) B JOCIiIKyBaHUX Tpymax XBO-
puUX He Ma€ BIipOriHUX BigMiHHOCTEl, TIIpPOTE
PEECTPYETHCSL YaCTillle, HiXK Yy KOHTPOJIbHIl TpyIIi.
Ockinbku, TGF-B1 Binnosigae 3a iHAYKIi10 eKCMAHCIi
nyxJauHHoro KioHy nipu [TKM 1uisixoM miaBUILEHHS
piBust 1L-6 [11], mpurHidyeHHs1 mpoutidepaliii Hop-
MajibHUX B-KJIiTUH i cekpelii iMyHOTr/100YJ1iHiB, MOX-

The result was calculated using electronic spread-
sheets of the manufacturer’s Cytokine Genotyping
Tray kit (One Lambda, USA). Statistical analysis
was performed using the Arlequin v.3.11 program
and the method of binary logistic regression to cal-
culate the odds ratio (OR — odds ratio) [8]. The
method of multifactorial dimensionality reduction
(MDR) [9] was used to determine the interaction
between polymorphic variants of genes. To deter-
mine the type of this interaction, the «random for-
est» method was used, and the graphic representa-
tion of epistasis is presented using dendrograms of
interaction [10].

RESULTS AND DISCUSSION

The study of the prevalence of allelic variants of
genes, genotypes and haplotype combinations of
cytokines TNF-o, TGF-B1, IL-6, IL-10, IFN-y in
PCM patients, depending on the presence of IR
effects in the anamnesis, was carried out in compari-
son with the prevalence of the investigated immuno-
genetic factors in the population of the Central geno-
geographical region of Ukraine (Table 1).

A probable difference in the frequency of the 7GF-
B1 codonl0 T/T genotype of the gene TGF-B1 was
revealed, which was higher than the control values
almost twice, both in the group of patients suffered
after the Chornobyl NPP accident, and in the oppo-
site group. This fact forms the basis for the formation
of a unidirectional associative relationship with the
risk of the disease in the comparison groups and pro-
vides a reason to consider this single-nucleotide
polymorphism of the TGF-B 1 gene as an immuno-
genetic factor of predisposition to the development
of PCM independent of exogenous factors.

The study of the peculiarities of the prevalence of
haplotype combinations of cytokine genes in patients
with PCM was carried out taking into account the
relevance of allelic variants of genes as producers
with different levels secretion of cytokines (Table 2).

The obtained data (Table 2) show that the frequen-
cy distribution of low, medium and high producers
has its own characteristic features. As well, haplo-
type prevalence TGF-B1 codon 10/codon 25 TG (a
producer with a high level of secretion) in the stud-
ied groups of patients has no probable differences,
but it is registered more often than in the control
group. Thus TGF-B 1 is responsible for inducing the
expansion of the tumor clone in PCM by increasing
the level of IL-6 [11], inhibiting the proliferation of
normal B-cells and the secretion of immunoglobu-
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Ta6nuusa 1

Po3nogin reHotunie yutokiHiB y rpyni xeopux Ha MKM 3anexkHo Big HasBHoCTi Aii IB B aHamHesi

Table 1

Distribution of cytokine genotypes in the group of PCM patients depending on the presence of IR irradiation
in the anamnesis

Yacrora posnopiny / Distribution frequency

LinTokiHn FeHoTnnu

) rpyna KOHTponio xBopi Ha MKM / PCM patients
Cytokines Genotypes control group 1-warpyna/1%group  2-rarpyna/ 2™ group
n =364 n=46 n="56
TNF-o. -308 GG 0,728 0,728 0,750
G/A 0,135 0,136 0,250
AA 0,137 0,136 -
IFN-y +847 T 0,181 0,182 0,220
T/A 0,140 0,227 0,230
A/A 0,679 0,591 0,550
IL-6 -147 GG 0,272 0,227 0,160
G/C 0,549 0,546 0,600
v/ 0,179 0,227 0,220
TGF-B 1 17 0,228 0,591 0,570
codon 10 T/A 0,457 0,327 0,320
AA 0,187 0,182 0,210
TGF-B1 GG 0,772 0,773 0,840
codon 25 G/LC 0,228 0,227 0,140
c/C 0,000 - 0,020
IL-10 -1082 GG 0,181 0,227 0,170
G/A 0,544 0,546 0,600
A/A 0,275 0,227 0,230
IL-10 -819 17 0,044 - 0,060
7c 0,368 0,455 0,430
cc 0,588 0,545 0,510
IL-10 -592 AA 0,044 0,060 0,070
ALC 0,368 0,360 0,390
c/c 0,588 0,570 0,540

Mpumitkn. 1-wa rpyna — xeopi Ha MKM, ki He 3asHanu gii IB; 2-ra rpyna — xeopi Ha KM, ski 3a3Hanm giji IB; n — KinbkicTb criocTepexeHb; 'BiporiaHicTb po36iXHOCTE! MOPIBHAHO
3 noKasHukamu rpynu koHTponio, p < 0,05.

Notes. The 15t group is PCM patients who were not exposed to IR; the 2d group is PCM patients who have undergone the effects of IR; n — is the number of observations;

Tthe probability of discrepancies compared to the indicators of the control group, p< 0.05.

Ta6auusa 2
Po3nopin rannotunie untokinie B rpynax xeopux Ha KM 3anexHo Big HasBHOCTI Aii IB B aHamHe3i

Table 2
Distribution of cytokine haplotypes in the groups of PCM patients, depending on the presence of IR irradiation
in the anamnesis

LiuTokin Fannotun / npoayueHt Yactora posnoginy / Distribution frequency
: rpyna koHTposio / control group 1-wa rpyna/ 1 group 2-ra rpyna/ 2" group
Cytokine Haplotype / Producer n= 364 0= 46 7= 56
TGFB1 CC(H) 0,116 0,128 0,114
(codon 10 / codon 25) CG (C) 0,215 0,187 0,183
TG (B) 0,309 0,584' 0,641
TC(C) 0,068 0,075 0,049
IL-10 ACA(C) 0,084 0,094 0,137
(-1082/-819 /-592) ACC (H) 0,182 0,147 0,146
ATA (H) 0,208 0,187 0,183
GCC (B) 0,261 0,118' 0,092

Mpumitku. 1-wa rpyna — xeopi Ha MKM, ki He 3asHanm gii IB; 2-ra rpyna — xeopi Ha MKM, ski 3a3Hanm g IB; n — KinbkicTb criocTepexeHb; 'BiporiaHicTb po36iXHOCTEl NOpiBHAHO
3 MokasHukamu rpynu koHTponio, p < 0,05.

Notes. The 15t group is PCM patients who were not exposed to IR; the 2d group is PCM patients who have undergone the effects of IR; n — is the number of observations;

Tthe probability of discrepancies compared to the indicators of the control group, p< 0.05.
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JIUBO TIPUITYCTUTH, 110 HOCIMCTBO AAHOTO TaruIOTHUITY
MOXe OYyTH MiATrPYHTSM JJIs1 MiABUILEHHS PU3UKY 3aX-
BoproBaHHs.IIIo cTOCYEThCSI TIPOMOTOPHUX JOMEHIB
reHa /L-10, molmpeHicThb TarjIoTUITIB Y OTIPOMiHEHUX
xBopux Ha [IKM, ski BiamoBizatoTb HU3bKUM (ATA),
cepenHim (ACC) Ta BucokuM (GCC) mpoayleHTaM ceK-
pelii, B OCHOBHOMY TOTOXHa IOILIMPEHOCTi B OMO-
3UTHIN TpyMi XBOpUX i KOHTPOJbHIN Tomymsuii. Bu-
HSITKOM € TOCTOBipHO HVKYMIA BiICOTOK HOCIIB rario-
tuny IL-10 -1082/ -819/ -592 GCC, mo Binnosinae
MpoaylleHTaM 3 BUCOKMM piBHeM cekpemnii 1L-10.
OCKiTbKM BBaXKa€ThC, 1110 JaHUI IUTOKIH TIPUTHIUYE
TIOBEPXHEBY EKCIIPECil0 MOJIEKYJ TOJIOBHOTO KOMII-
JIEKCY TiCTOCYMICHOCTI, cTUMyJto€ aerpagaiito MPHK
po3artaibHMX IIMTOKIHIB i 3a0e3Meuye rmepexis 3 ¢pasn
TOCTPOro 3alajJieHHs] OO CTajil TOJEPaHTHOCTI, 3HU-
JKEHHSI HOro MOIIMPEHOCTi MOXEe CBIAYMTU MPO MOXK-
JINBICTh BIUIMBY AAHOTO TAIUIOTUITY HA MPOLIECU TTOCT-
LUATOCTaTUYHOIO BiIHOBJICHHS MICJISI IPOBEICHHS
ximioreparii [12].

ITpoBeneHi Ha CbOTOMHI AOCTIIKEHHS TTOKa3aau 10-
CUTb OOMEXKEHY CIPOMOXKHICTh MOOJIUHOKHUX ajleib-
HUX BapiaHTiB I'€HiB LIMTOKiHIB MaTU CUJIbHI acollia-
TUBHI 3B’s13KM 3 pu3nkoMm [TKM. AKTUBHO 00roBOpIO-
FOThCS MOXKJIMBI Me€XaHi3MM BUHUKHEHHST alMTUBHOTO
eeKTy Ipu MOEIHAHHI alesIiB AeKiJIbKOX TeHiB 3 Mpe-
IUKTUBHUMU (DYHKIIISIMU, 11O MOXE ITiIBUIITYBaTH PU-
3K BHUHMKHEHHS 3JIOSIKICHOTO 3axBOoploBaHHS [13,
14]. I nmepeBipky AaHOI TilTOTE3W HAMU MPOBEACHO
KOMILUIEKCHHUI aHali3 4acTOT 3yCTPiYaIbHOCTi CIIOJIY-
YeHb TCHOTHUIIIB y TpU-, YOTUPU-, IISITMIOKYCHUX
KOMITO3UIIiSIX ajleIbHUX BapiaHTiB TeHiB iMYHHOI
Binnoini (TNF-o, TGF-B1, IL-6, IL-10, IFN-y) 3 ypa-
XYBaHHSIM BHECKY MYJBTUI€HHMX KOMOiHaLill ¢ak-
TOpiB B3aEMOJii «reH—TeH» B MEXaHi3MM acoIlliailiit
MapkepiB 3 TIPEAUKTOPHUMHU i TIPOTEKTOPHUMU
(byHKIIIIMM Ha OCHOBi MoJejli 6iHapHOI JIOTiCTUYHOI
perpecii i metomy 6araToakTOPHOIO 3MEHILEHHS
MpocTopoBOCTi [9]. JaHwuit miaxia 103BOJIMB ITiABUIITNA-
TH piBeHb iZeHTUdIKallii acoLiaTUBHUX 3B’s3KiB. Tak,
JI0 aKTUBHUX MPEIUKTOPIiB OyIM BigHECEHi Tpu 3 §
noyiMopHUX BapiaHTIB T€HIB LUTOKIHIB: [L-6 -174
(rs1800795), TGF-B1 codon 10 (rs1800470), IL-10 -
1082 (rs1800896). B sikocti moniMopcgHOro BapiaHTa
TeHa 3 TPOTEKTOPHOWI (DYHKIIEI0D HAMUW BUIJIEHO
TNF-0.-308 (rs1800629). EcdbekTUBHICTb MPaKTUIHOTO
3aCTOCYBaHHS JaHOI MOJEJIi MPpU MPOrHO3yBaHHI pu-
3UKiB 103BoJISIE 3 80 % TOUHICTIO MPOrHO3YBaTU PU3UK
peastizalii 3aXBOproBaHHS, HaBiTh Y BUMAaAKax, KOJIU 3a
YMOB BEJIMKOrO CHEKTpPY MNOJiMOp(GHUX BapiaHTiB
TeHiB JOCJiIKyBaHOI CUCTEMU HEMOXKJIMBO BCTAHOBU -

lins, it is possible to assume that the carrier of this
haplotype may be the basis for increasing the risk of
the disease. Regarding the promoter domains of the
IL-10 gene, the prevalence of haplotypes in irradiat-
ed PCM patients corresponding to low (474), medi-
um (ACC) and high (GCC) secretory producers is
basically identical to the prevalence in the opposite
group of patients and the control population. The
exception is a significantly lower percentage of carri-
ers of the IL-10 -1082/ -819/ -592 GCC haplotype,
which corresponds to producers with a high level of
IL-10 secretion. Since it is believed that this cytokine
suppresses the surface expression of molecules of the
major histocompatibility complex, stimulates the
degradation of mRNA of pro-inflammatory cyto-
kines and ensures the transition from the phase of
acute inflammation to the stage of tolerance, a
decrease in its prevalence may indicate the possibili-
ty of the influence of this haplotype on the processes
of postcytostatic recovery after chemotherapy [12].
Studies conducted to date have shown a rather
limited ability of single allelic variants of cytokine
genes to have strong associative links with PCM risk.
The possible mechanisms of the occurrence of an
additive effect in the combination of alleles of sever-
al genes with predictive functions, which can
increase the risk of the occurrence of a malignant
disease, are actively discussed [13, 14]. To test this
hypothesis, we conducted a comprehensive analysis
of the frequency of occurrence of combinations of
genotypes in three-, four-, and five-locus composi-
tions of allelic variants of immune response genes
(TNF-a, TGF-B1, IL-6, IL-10, IFN-y) taking into
account contribution of multigene combinations of
«gene-gene» interaction factors to association
mechanisms markers with predictor and protector
functions on the basis models of binary logistic
regression and the method of multifactorial spatial
reduction [9]. This approach made it possible to
increase the level of identification of associative rela-
tionships. Thus, three out of 8 polymorphic variants
of cytokine genes were classified as active predictors:
IL-6 -174 (rs1800795), TGF-B1 codon 10
(rs1800470), IL-10-1082 (rs1800896). We identified
TNF-0.-308 (rs1800629) as a polymorphic variant of
the gene with a protective function. The effective-
ness of the practical application of this model in pre-
dicting risks allows predicting the risk of disease with
80 % accuracy, even in cases where, under the con-
ditions of a large spectrum of polymorphic variants
of the genes of the studied system, it is impossible to
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Pe3ynbraty acouiauii nonimopdHux BapiaHTiB reHiB uuToKiHiB 3 pusukom MKM (metop norictuutoi perpecii)
Table 3

Results of the association of polymorphic variants of cytokine genes with PCM risk (logistic regression method)
FeHotun / Genotype B S.E. Wald df Sig. Exp (B)

1 2 3 4 5 6 7

TGF-B1 codon 10 40.077 2 0,000

TGF-B 1 codon 10-1 0,279 0,393 0,503 1 0,478 1,321

TGF-?1 codon 10-2 1,782 0,387 21,186 1 0,000 5,939
IL-10-1082 12,210 2 0,002

IL-10 -1082-1 - 0,546 0,287 3,623 1 0,030 0,579

IL-10 -1082-2 0,603 0,385 2,454 1 0,020 1,828
IL-6-174 12,782 2 0,002

IL-6 -174-1 - 0,663 0,333 3,970 1 0,040 0,515

IL-6 -174-2 0,307 0,335 0,840 1 0,020 1,360
KoHcTaHTa - 1,705 0,477 12,757 1 0,000 0,182

Mpumitku. B — koediuieHT BLR; d. f. — cTyneHi cBo60au; p — CTaTUCTMYHA 3HAYYILICTb; EXp ([3) — BIBHOWEHHS LAHCIB.
Notes. 3 — the BLR coefficient; df — degrees of freedom; p — statistical significance; Exp (B) — the odds ratio.

T Koe(dillieHT acolliallii 3 pU3MKOM 3aXBOPIOBAHHS 3a
i301b0BaHMMU TeHaMu. [IpuHIUMNM (popMyBaHHS MO-
JIeJli mpeAcTaBieHi y Tao. 3.

Tak, TGF-B1 codon 10 ik HalOIIBII MOTUPEHMIA Te-
HOTUTT (MaXKOpHWIA), BimHeceHU 10 pedepeHT-KaTe-
ropii (11040 SIKOi TTOPIBHIOIOTHLCS NBa iHIINX), OYB
nipeactaBaeHuit BapiaHtom TGF-B1 codon 10-1, saxuit
KOJIyE TeTepPO3UTOTHUI TeHOTHI, i BapiaHToM TGF-B1
codon 10-2, aKkuii Komye MiHOpHUWIA reHoTUT. MiHOp-
Huii reHotun TGF-B1 codon 10-2 y 1icTb pasiB yacrilie
acouiiioBanuit (Exp (B)) i3 3aXxBoproBaHHSIM MOPiBHSHO
3 MaxXopHUM reHotunoM (p < 0,05) (tabmn. 3). Pazom 3
TUM, TeTePO3UTOTHUIA BapiaHT acouiioBaHuii 3 [IKM y
1,3 paza vacrile, Hixk MaxkopHuii reHotun (p > 0,05),
1110 BKa3y€e Ha MiHIMaJIbHY TTO3UTHUBHY acolliallilo 3 pu-
3uKOoM (hOpMYBaHHsI 3axBOploBaHHs. B Toii ke yac, y
xBopux Ha ITKM y nopiBHSIHHI 3 KOHTPOJbHOIO Ipy-
M0IO CITOCTepiraBcs pisHOHAIPABACHUI acOLliaTUBHUMA
3B’130K XBopoOu 3 mosaimopdizmom IL-10 -1082, 3a-
JIESKHO Bill HASIBHOCTi MyTaHTHOTO aJIe/Is B TOMO3UTOT-
Homy craHi. Tak, mist IL-10 - 1082 A/G Bu3Ha4YeHO IpO-
TeKTUBHU edekT, ockiabku Exp (B) < 1 (0,579). Has-
naku, IL-10 -1082 G/G Mae TO3UTUBHY acolliallilo 3
pu3nKoM 3axBoptoBaHHsT — Exp (B) = 2,85.

3acTocyBaHHSI METOIy 0araTOMipHOTO 3MEHIIIEHHS
pPO3MIpHOCTI  JO3BOJMJIO  BUSIBUTU  HASIBHICTh
B3a€EMO3B’SI3KY MiX MOJiIMOp(HUMU BapiaHTaMU T€HiB
iMYHHOI BiAIOBiAi i BUBHAYUTU TUIIM JAHUX 3B’SI3KiB.
BinmosinHo mo puc. 1, TGF-B1 codon 10 € HaiGinbII
BaroMuM i aKTUBHUM MPEIUKTOPOM PU3UKY 3aXBOPIO-
BaHHS, OCKIbKM KoedillieHT eHTporii ckianae 5,6 %.
Hpyrumu 3a 3HAYYLIiCTIO CiIim BBaxatu [L-6 -174 i
IL-10-1082. YepBoHMI KOTip CBITYUTH ITPO CUHEPTid-

establish the association coefficient with the risk of
the disease for isolated genes. The principles of
model formation are presented in Table. 3.

Thus, TGF-B 1 codon 10 as the most common geno-
type (major) assigned to the referent category (in rela-
tion to which the other two are compared) was repre-
sented by the variant TGF-B1 codon 10-1, which en-
codes a heterozygous genotype, and a variant TGF- 1
codon 10-2, which encodes a minor genotype. Minor
genotype TGF-B1 codon 10-2 six times more often
associated (Exp (B)) with the disease compared to the
major genotype (p < 0.05) (Table 3). However, the
heterozygous variant is associated with PCM 1.3
times more often than the major genotype (p > 0.05),
which indicates a minimal positive association with
the risk of developing the disease. At the same time, in
PCM patients compared with the control group, a
multidirectional associative relationship of the disease
with the IL-10 -1082 polymorphism was observed,
depending on the presence of the mutant allele in the
homozygous state. Thus, a protective effect was deter-
mined for IL-10-1082 A/G, as Exp () < 1(0.579). In
contrast, IL-10 -1082 G/G has a positive association
with disease risk — Exp (B) = 2.85.

The application of the method of multivariate di-
mensionality reduction made it possible to reveal the
existence of a relationship between polymorphic
variants of immune response genes and to determine
the types of these relationships. According to fig. 1,
TGF-B1codon 10 is the most important and active pre-
dictor of disease risk because the entropy coefficient is
5.6 %. IL-6 -174 and IL-10 -1082 should be consid-
ered second in importance. The red color indicates a
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IL-10-819
0.21%

IL-10-1082
1.57%

PucyHoK 1. [leHaporpama B3ae-
MoAii MIXX reHamu LUTOKiHiB
JiHii 4epBOHOro Ta OPaHXeBoro
KOJIbOPY — CUHEpPriYHa B3aemomis
SNP; niHii X)XOBTOro i KOpU4YHEBOIO
KOJNIbOPY — FOJIOBHI HE3anexHi
edekTu; NiHii 3eneHoro KonbLopy —
HaOMLLIKOBICTb abo KopensLis.
KoxxHa To4ka BignoBigae neBHin
nonynauii, NiHiIsMM BUAINEHI
reorpadiyHi perioHn posTallyBaHHSA
3a3HayeHux nonynauin. Stress =
0.074.

Figure 1. Dendrogram of inter-

actions between cytokine genes
Synergistic interaction of SNPs is
indicated by red and orange lines;
yellow and brown lines indicate the
main independent effects; green
lines indicate redundancy or correla-
tion.

Each point corresponds to a certain
population, the geographical regions
of the location of the specified popu-
lations are highlighted by lines.
Stress = 0.074.

HUI TUN BAEMO3B’SI3KY, KOJIU JBa MOJIMOPMHUX Ba-
piaHTH T€HIB MPU B3a€EMO/Iii BUKJIMKAIOTh €(PEKT 3HAU-
HO OiIbIIOI CHIJIM, HIXK cyMa OKpeMUX e(EKTiB Aii iXHiX
nojiMopdHMX BapiaHTiB. KopnmuHeBUM KOITBOPOM
Mo3HayeHa HelTpajbHa B3aEMO/Iis, TOOTO KOXEH I'eH
BUKOHYE BUHSTKOBO CBOIO (PYHKIIiIO 32 KOJOMiHAHT-
HUM TUIIOM i Oylib-SKe TIO€IHAHHS HE BIJIMBAE Ha 3a-
raJbHUM edeKT. 3eJIeHUIN KOlip To3HaYa€ «TeHeTUIHY
HaJUIMIIKOBICTh», ab00 Kopensiito. Ipacdiune 300pa-
JKEHHSI 3B’513KiB MixX JOCIiIKEHUMHU TToJliMopdizMamMu
TeHiB TOKAa30BO CBiIUMTH MPO CUHEPTiYHi B3aEMOBIMI-
HOCWHM MiX IL-6 -1741a IL-10 -1082; mix IL-6 -174
ta IL-10 -10592; mix TGF-B1 codon 101 IL-10 -1082;
a Takox Mix TGF-B1 codon 101 IL-10 -1082 (puc. 1).

BHUCHOBOK

OTpuMaHi pe3yJabTaTU HAAalOTh MiJACTaBY PO3Iasaa-
TH OXHOHYKJIEOTHIHUI mojiMopdizm reny TGF-f i
IL-10 -1082 GG, 9Kk He3aeXHi Bil eK30TreHHUX YMH-
HUKIB nipeaukTopu po3BuTKy ITKM. Takox Bu3Haye-
HO mpoTekTuBHUM edekrt mns IL-10 -1052 AG. Ba-
JKAEMO, 1O MPU OLiHLI TFeHETUYHOI CXWJIBHOCTI A0
po3ButTky ITKM 3a reHamMu LUTOKiHiB AOLLIBHO Bpa-
XOBYBAaTU B3aEMO/i10 TPbOX aJieIbHUX BapiaHTiB IeHiB:
nojiMmopdizmy reHiB IL-6 -174 ta IL-10 -1082 (SNP
1,97 %); IL-6 -174 Ta IL-10 -10592 (SNP 1,79 %);
TGF-B1 codon 10Ta IL-10-1082 (SNP 1,12 %). ®@akt
nepepo3Ionily KoedilliEHTIB acoliallii, 3aJeKHO Bif

synergistic type of interaction, when two polymorphic
variants of genes when interacting cause an effect much
stronger than the sum of the individual effects of their
polymorphic variants. Neutral interaction is indicated
by brown color, that is, each gene performs its function
exclusively according to the codominant type and any
combination does not affect the overall effect. Green
indicates «genetic redundancy,» or correlation. The
graphic representation of the relationships between the
investigated gene polymorphisms proves the synergistic
relationship between IL-6 -174 and IL-10 -1082,
between /L-6-174and IL-10-10592; between TGF-B 1
codon 10 and IL-10 -1082; and also between TGF-B1
codon 10and IL-10-1082 (Fig. 1).

CONCLUSION

The obtained results give reason to consider the sin-
gle nucleotide polymorphism of the 7GF-f gene and
IL-10 -1052 GG as predictors of PCM development
independent of exogenous factors. A protective
effect was also determined for /L-10 -1052 AG. The
obtained data indicate that when assessing the
genetic predisposition to the development of PCM
by cytokine genes, it is advisable to take into account
the interaction of three allelic gene variants: poly-
morphism of genei /L-6 -174and IL-10-10582 (SNP
1.97%); IL-6 -174 and IL-10-10592 (SNP 1.79%);
TGF-B1 codon 10 and IL-10 -1082 (SNP 1.12 %).
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CMOJYYEHb T'eHiB, CBIIYUTD MPO CKJIAJAHI B3aEMOBIAHO-
CHHM MiX TeHeTUIHUMU JeTepMiHAHTaAMU B MeXKax Ire-
Ha Ta CUCTEMU B LIIJIOMY i IATBEPIXY€E Hally KOH-
LIETILIiIO 11010 MOXKJIMBOCTI alIUTUBHOI B3aEMO/Iii T€HiB
iMYHHOI BIZIOBili 3a HasBHICTIO CUHEPTi3My MiX
noaiMop(HUMMU BapiaHTaMU T'eHiB, 110 MEBHOIO MipOI0
YCKJIQTHIOE MEXaHi3MM acoIliaTUBHOTO 3B’SI3KY 3 pO3-
BUTKOM 3axBOploBaHHsA. OTpuMaHi pe3yabraTy Mif-
TBEPIXYIOTh BaroMy pojb KaHAMAATHUX MapKepiB
reHiB iMyHHOI BiIMTOBIiAi SIK KpUTEPiiB pU3UKY (popMy-
BaHHS MYJIbTU(AKTOPiaJbHOI IIaTOJIOTii, 30Kpema
ITKM, 1o y moenHaHHi 3 KIiHIYHUMU XapaKTEPUCTH-
KaMM CKJIaJa€ OCHOBY JJIs1 pO3LIMPEHHS CIEKTPY KPU-
TepilB — MPEAUKTOPIB LIOAO PU3UKY 3aXBOPIOBAHHS i
YUHHWKIB 3 TIPOTEKTOPHUMM DYHKIIISIMU, 3 ypaXyBaH-
HSIM OCOOJMBOCTEH padialliiHOro aHaMHe3y Tialli-
€HTIB.
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The fact of the redistribution of association coefti-
cients, depending on gene combinations, indicates
complex relationships between genetic determinants
within the gene and the system as a whole and con-
firms our concept regarding the possibility of addi-
tive interaction of immune response genes based on
the presence of synergism between polymorphic
variants of genes, which to some extent complicates
the mechanisms of associative connection with the
development of the disease. The obtained results
confirm the important role of candidate markers of
immune response genes as risk criteria for the for-
mation of multifactorial pathology, in particular
PCM, which, in combination with clinical charac-
teristics, forms the basis for expanding the spectrum
of criteria — predictors of disease risk and factors
with protective functions, taking into account the
peculiarities of the radiation exposure of patients.
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