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LUTOKIHOBUM TUCBAJIAHC ¥ ITALIIEHTIB 3
IVIASMOKJIIITUHHOIO MIECJIOMOIO, AKI ITOCTPAKIAJIN
BHACJIITOK ABAPII HA YAEC

AKTYanbHicTb. Kk BigoMo, LMTOKIHM MaloTb 3AaTHICTb BNAKMBATM HA 3anabHi peaklii, LUTOTOKCUYHI edheKTH, a TaKoX
Ha IMYHONOriYHWIA 3aXMCT OpraHi3my. BuByeHHs nepebiry 3axBopioBaHHA 3aNeXHO Bif CNiBBigHOWEHHS Npo- Ta Npo-
TU3ananbHWUX LUTOKiHIB € aKTyanbHOW NPo6IEMOI0 Cy4acHOT OHKOreMaTonorii A npu3HayeHHs NepcoHanizoBaHoro
NiKYBAHHA Ta NOKPALLEHHA AKOCTI XUTTA NALIEHTIB 3 NIA3MOKNITUHHOK MIENOMOIO, AKi MOCTPaX4anu BHACNifoK aBapii
Ha YAEC.
MeTa: npoBecTu NOpiBHANBHMII aHANT3 CTaHY LIUTOKIHOBOT perynsuii y XBOpux Ha NNa3MOKNITUHHY MiENOMY Ha pPi3HMX
eTanax Tepanii 3a1exHo Bij HassBHOCTI B aHaMHe3i pafialiliHOT KOMNOHEHTH LA ONTUMi3auil CNeKTPY KNiHiKO-rema-
TOJIOTYHMX TA IMYHONOTiYHMX haKTOPiB NPOrHO3y nepebiry 3aXBOpIOBaHHA i OUiHKM e(heKTUBHOCTI Tepanii.
Marepianu i meToau. BusHayeHo piBHi uutokiHis (IL-6, IL-10, TNF-o) B nepudepuyHiii kposiy 124 nauieHTis 3 nnas-
MOKiTUHHO Mienomoto I-III cT. iMyHOtepMeHTHUM METOAO0M 3 BUKOPUCTAHHAM NepoKcuaasn XpiHy K iHaukaTop-
Horo depmeHTy. Bukopuctosysanu imyHodepmeHTHMiA aHanizaTop Multiskan EX 355 (Termolabsystems, Kutait) 3 6a-
raToKaHasbHUM CNeKTPohOTOMETPOM BEPTUKANILHOIO CKAHYBAHHS.
Pe3ynbratu. BctaHoBneHo, o B 0cib, nocTpaxaanux BHacnigok aBapii Ha YAEC, manu micue gocTtoBipHo 6inblwi no-
PYLWeHHA LUTOKIHOBOrO GanaHcy i 03Haku hopMyBaHHSA «LMTOKIHOBOTO WTOPMY» (HaAAMWKOBOT NPOAYKLIT), o npo-
BOKYE OOTsXKEHMI1 nepebir NyxNIMHHOTO NpoLecy Ta BUHUKHEHHS YCKNAfHEHb 3aXBOPIOBAHHA Ha BCiX CTagiax nnas-
MOKJITUHHOT MiENoMU.
BuCHOBOK. BuBYeHHs LWUTOKIHOBOro AmMcGanaHcy y nNauieHTiB 3 NNasMOKNITMHHOW MienoMolo, Ki nmocTpampjanu
BHacnigok aeapii Ha YAEC, HeobxigHe ons NPOrHo3yBaHHA KNiHiYHOro nepebiry 3aXBOPOBaHHSA, 3anobiraHHs ycknaa-
HEHHAM, NifBUWEHHS edEKTUBHOCTI Ta NPU3HAYEHHS NEPCOHANI30BAHOIO NiKYBaHHS.
Knio4oBi cnoBa: nia3mMoKNiTMHHA Mi€noMa; edheKTUBHICTb NIKYBAHHA; LMTOKIHU; NOCTPaXAani BHACAiAOK aBapii Ha
YAEC.
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CYTOKINE IMBALANCE IN PLASMA CELL MYELOMA PATIENTS
SURVIVED AFTER THE CHORNOBYL NPP ACCIDENT

Background. As is commonly known, cytokines have an ability to influence the inflammatory reactions, cytotoxic
effects, as well as the immune defense of the body. Study of the disease course depending on the ratio of pro- and
anti-inflammatory cytokines is an urgent problem of contemporary oncohematology for the purpose of personalized
treatment and improvement of the quality of life of patients with plasma cell myeloma who survived after the
Chornobyl NPP accident.

Objective: comparative analysis of the state of cytokine regulation in plasma cell myeloma patients at different
stages of therapy depending on a radiation component in the history to optimize the spectrum of clinical-hemato-
logical and immunological factors for the prognosis of disease course and assessment of therapy effectiveness.
Materials and methods. Content of cytokines (IL-6, IL-10, TNF-o) in peripheral blood was assayed in the stage I-III
plasma cell myeloma patients (n = 124) by the immunoenzymatic method using horseradish peroxidase as an indi-
cator enzyme. The Multiskan EX 355 enzyme immunoassay analyzer (Termolabsystems, China) with a multichannel
vertical scanning spectrophotometer was used.

Results. A significantly greater violations of cytokine balance and signs of formation of a «cytokine storm» i.e. an
excessive cytokine production were found in the Chornobyl NPP accident survivors, provoking a severe course of
tumor process and occurrence of disease complications at all stages of the plasma cell myeloma.

Conclusion. Study of cytokine imbalance in plasma cell myeloma patients survived after the Chornobyl NPP acci-
dent is appropriate to predict the disease clinical course, prevent complications, increase effectiveness and prescribe

a personalized treatment.

Key words: plasma cell myeloma; treatment effectiveness; cytokines; survivors of the Chornobyl NPP accident.
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BCTVYII

SIK Bimomo, IUTOKIHM € mMomudikaTopaMy IINPOKOTO
CIEKTPY Oi0JOTIUHMX peaklliii, 3MaTHUX IK CTUMYJ/IIOBA-
TH, TaK i TaJIbMyBaTU aKTUBHICTh 3allaJIbHUX peaKIliid,
00yMOBJTIOBaTH €(EKTOPHI Ta LIMTOTOKCUYHI €(eKTH.
IluTokiHOBa peryJsiiist 3ade3neuye npoidgepallito, au-
¢epeHIlifOBaHHS Ta IMOBHOLIIHHE (PYHKIiIOHYBaHHS
KJiTHH [1—35]. OcKilbK1 0COOJIMBOCTI IIMTOKIHOBOI pe-
TyJslil BIUIMBAlOTh Ha iIMYHHUI 3aXMCT OpraHiamy B
wisomy [6—8], Bix 6amaHCy Mpo- i MpOTU3aNaabHUX LIU-
TOKiHIB 3aJIeKUTh XapakTep mepebdiry OHKoreMaTo-
JIOTIYHUX 3aXBOploBaHsb [9, 10].

HocninkeHHsT BHECKY iMyHOJIOTIYHOT KOMITOHEHTH SIK
€HIOr€HHOTO0 YMHHMKA PU3MKIB B IIaTOreHE3i Ijia3-
MokJiTUHHOI Mienomu (ITKM) Moxe cBimuuTH mpo
CYTTEBE 3HAUYEHHS MOPYIIEHHS PeryJisiii HUTOKiHIB, SIK
¢axTOopa B3aEMOIil iIMyHHOT CUCTEMH 3i 3JIOSIKICHO Tpac-
dopMoBaHNMM THTa3MaTUIHUMU KiaitnHamu. [IpoTte Ha
CBhOTOHI HE 0 KiHIIS BUpIillleHe TUTaHHS 100 MO -
BOCTi BIUTMBY iOHi3yl0YOTO OINPOMiHEHHS Ta (DaKTOpiB

B Yurii O. Silaiev, e-mail: silaew@ukr.net

INTRODUCTION

As is commonly known, cytokines are the modi-
fiers of a wide range of biological reactions, capa-
ble of both stimulating and inhibiting the activity
of inflammatory reactions, causing both effector
and cytotoxic effects. Cytokine regulation ensures
cellular proliferation, differentiation and entire
functioning [1-3]. Since features of cytokine reg-
ulation affect the immune defense of the body as a
whole [6—8], the nature of course of oncohemato-
logical diseases depends on the balance of pro- and
anti-inflammatory cytokines [9, 10].

Study of contribution of the immune compo-
nent as an endogenous risk factor in pathogenesis
of the plasma cell myeloma (PCM) may indicate
the significant importance of cytokine dysregula-
tion as a factor in the immune system interaction
with malignantly transformed plasma cells.
However, the issue of possible influence of ioniz-
ing radiation and environmental factors on the
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HaBKOJIMILIHbOTO CepeloBMIla Ha iMYHHUI TroMmeocTas
JmoanHu Ta mnepebir I[TKM, 1o noTpedye moaaibiioro
BUBYEHHS [9, 11—13].

META

ITpoBecTr MOPIiBHSUIBHUI aHAJi3 CTaHY LIUTOKIHOBOI pe-
TyJIsii y XBOpUX Ha IUIa3MOKJIITUHHY Mi€JIOMY Ha Pi3HUX
eTariax Tepariii 3aJIe;XKHO BiJl HasIBHOCTI B aHaMHe3i pajia-
LiAHOT KOMIOHEHTH [JIs ONTUMIi3alii CIeKTpy KJIiHiKO-
reMaToJIOTiYHUX Ta iMYyHOJIOTIUHMX (PAaKTOPiB MPOTrHO3Y
nepediry 3axBOproBaHHS i OLIIHKM e(heKTUBHOCTI Tepartii.

MATEPIAJIM I METOIN
Oo6ctexeHo 124 mamieHTa (59 4oyoBiKiB Ta 65 XiHOK),
BikoM Bin 49 no 76 pokiB, i3 [IKM.

B miporieci npoBeaeHHS crienndivHOTO JIIKyBaHHS 3a
crangaptHolo cxeMmoo (VRD) [14—16] ouiHioBaau 10-
CSITHEHHSI peMicii/cTabimizamii abo HasBHICTh IIporpecii
3axBopioBanus (ISS) [11, 17].

IIpoananizoBaHO maHi MOKa3HUKIB MmepudepudHoi
KpOBi Ta KiCTKOBOI'O MO3KY, 0i0XiMiUHi ITOKa3HUKU KPOBIi
Ta aHaJsi3 ceyi.

Jo rpynu mocTpaxgannx BHaciinok aBapii Ha HAEC
OyJ10 BiZHECEHO yJYaCHUKIB JIiKBijallii HaclinKiB aBapii
Ha YAEC (YJIHA) (n = 13); xuTesiB TepUTOpiii, KOH-
TaMiHOBaHUMX PaliOHYKJIiJaMK BHACIiIOK aBapii Ha YA-
EC (n = 40). IlaumienTu, ormpoMiHeHi B MexXax MPUPO/I-
HOro papgiauifiHoro (oHy, CKJIaJu I'PYMy MOPiBHSIHHS
(n=71) (puc. 1).

human immune homeostasis and PCM course has
not been fully resolved to date, which requires fur-
ther research [9, 11—13].

OBJECTIVE

Comparative analysis of the state of cytokine regu-
lation in PCM patients at different stages of therapy
depending on a radiation component in the history
to optimize the spectrum of clinical-hematological
and immunological factors for the prognosis of dis-
ease course and assessment of therapy effectiveness.

MATERIALS AND METHODS
The PCM patients (n = 124; 59 males and 65
females), aged 49 to 76 years were examined.

In the process of specific treatment according to
the standard regimen (VRD) [14-16], achieve-
ment of remission/stabilization or presence of dis-
ease progression (ISS) [11, 17] was assessed.

Data on peripheral blood and bone marrow
parameters, blood biochemical parameters, and
urinalysis were analyzed.

Group of the Chornobyl NPP accident survivors
included the accident clean-up workers (ACUW;
n = 13), residents of territories contaminated with
radionuclides as a result of the Chornobyl NPP
accident (n = 40). Patients irradiated from natural
radiation background formed the comparison
group (n = 71) (Fig. 1).
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Figure 1. Characteristics of PCM patients, taking into account the radiation history and disease stage accord-

ing to the ISS classification (stages I-III)
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XBopi Ha [TKM 3Haxonwiuch Ha JIiIKyBaHHi y Bill-
JiJIeHHI panaiauifHol oHKoremaToJjorii IHCTUTYTY
KJIiHiYHO1 paaionorii JlepxxaBHoi yctaHOBU «Haltio-
HaJIbHUIA HAyKOBUI LIEHTP palialliiHOI MEIWIIMHU,
reMmaTtosiorii Ta onkosorii HAMH VYkpainu». lochina-
JKEHHsI BMKOHAHO B jabopaTopii iMyHOT€HETUKU
BiJAiy reMaToJIoTil Ta TpaHCIIaHTOJIOT 1.

Yci ooctexeni xBopi Ha [TKM Oynu posnogineHi 3
ypaxyBaHHSIM CTajlii 3aXBOpIOBaHHSI, €(PEeKTUBHOCTI
JIKyBaHHSI Ta KOHTAaKTy 3 pafiallitHUM YMHHUKOM.
HocnigxeHo, 1o cepen nauieHTiB 3 [—II cT., sIKi KOH-
TaKTyBaJii 3 padialliltHUM YMHHUKOM, 11 ocib mocsr-
JI1 peMicii / ctabimizalii 3axBopioBaHHs, a 14 — Manu
nporpecyBaHHs 3axBoproBaHHs. Cepen Talli€eHTIB 3
III cT. 15 ocib mocsiru pemicii / cTabinizallii 3aXBopro-
BaHHs, 13 — Mayu riporpecyBaHHSI 3aXBOPIOBaHHS.

Cepen nauieHnTiB 3 [—II cT., SKi He MaTu KOHTAKTYy 3
pamialiiiHuM YMHHUKOM, 22 TOCSITJIM peMicii / cTabi-
JTi3arrii 3aXxBOpIOBaHHS, 24 Maay MPOTpecyBaHHS 3aX-
BoproBaHH:. B 11 e rpymi mauieHTiB y pasi 111 cT.
3axBopioBaHHs 10 ocib gocsrim pemicii / cradimizarii
3aXBOPIOBaHHS, 15 Manu mporpecyBaHHSI 3aXBOpPIO-
BaHHS.

KinbkicHe BM3HaYeHHs piBHIB iHTepnaeiKiHiB (IL-
6, IL-10 i TNF-o) nmpoBeneHo B 3pa3Kax CUpOBaTKHU
nepudepruuHOi KpOBi iMyHO(PEPMEHTHUM METOIOM 3
BUKOPUCTAHHSIM MEPOKCUIA3U XPiHY SIK iHAUMKATOP-
Horo ¢depmeHTy. ochimKeHHS NOPOBOIUIU KO-
MepLUifHUMKU HabopaMu IJisl BU3HAYECHHST KOHILEHT-
pauii BigmoBimHux uToKiHiB FineTest (Kurait).

Pexxumu iHKyOawii BigmoBigajid MOpoOTOKOJaAM
¢ipmu-BupobHuKa. OauH TUIT MOHOKJIOHAJIbHUX aH-
TATUT O iHTEePJEUKiHiB iMMOOITI3yeEThCS Ha BHYT-
pillIHIX MOBEPXHSX BiYOK. [pyruidi TUM MOHOKJIO-
HaJIbHUX aHTUTIJ A0 HE3aJeKHOTO eIiTony LU-
TOKiHiB MiCTUTbCSI Y BUTJISAI KOH I0raTy 3 OiOTUMHOM
BiImoBigHO M0 HaGopy. IHIMKATOPHUM KOMIIOHEH-
TOM € KOH’IoraT NepoOKCHAa31 XpiHYy i3 CTpenTaBiau-
HOM, SIKMII Ma€ BUCOKY CTYIiHb CIIOPiZHEHOCTi 10
0iOTHHY.

OO0J1iK pe3yJbTaTiB ONTUYHOI LIiJIbHOCTI BUKOHYBA-
JI1 3 BUKOPUCTAHHSIM aBTOMAaTHMYHOIO (oTomeTpa
npu JoBxXuHI xBri 450 HM. Po3paxyHOK KOHIIEHT-
palii iHTepJieliKiHiB MPOBOAMJIM 3a JOIMOMOTOI0
rpacdiyHoi KaniObpyBadbHOI KPUBOI «ONTUYHA IIiTb-
HIiCTh/KOHIICHTpALLisI».

BukopucroByBanm iMmyHO(EepMEHTHUI aHaTi3aToOp
Multiskan EX 355 (Termolabsystems, KuTaii) i3 6ara-
TOKaHAJIbHUM CITIEKTPO(DOTOMETPOM BEPTUKAJIBHOTO
CKaHyBaHHs. MiHiMaJllbHO OOCTyITHA AOCTOBipHA
KoHUeHTpauis IL-6, 110 BU3HAYAETLCS TECT-CUCTE-

The PCM patients were treated at the Radiation
Oncohematology Department of the Institute of
Clinical Radiology of the State Institution «National
Research Center for Radiation Medicine, Hema-
tology and Oncology of the National Academy of
Medical Sciences of Ukraine». The study was per-
formed at the Immunogenetics Laboratory of the
Hematology and Transplantology Department.

All the examined PCM patients were distributed in
accordance with the disease stage, effectiveness of
treatment and contact with radiation factor. It was
established that among patients with stage I—II, been
in contact with radiation factor, the disease remission /
stabilization was achieved in 11 persons, while 14 of
them had the disease progression. Among patients
with stage 111 the disease remission / stabilization was
achieved in 15 persons and the disease progression
occurred in 13 of them.

Among patients with stage I—II, having no contact
with radiation factor, the disease remission / stabiliza-
tion was achieved in 22 cases, whereas in 24 ones the
disease progression took place. In the same group of
patients with disease stage I1I the disease remission /
stabilization was achieved in 10 cases, and there was
the disease progression in 15 ones.

Quantitative assay of interleukin levels (IL-6, IL-10
and TNF-a) was performed in the peripheral blood
serum samples by immunoenzymatic method using
horseradish peroxidase as an indicator enzyme.
Studies were performed using the commercial Kkits
FineTest (China) for determining the concentration
of corresponding cytokines.

The incubation modes were in accordance with the
manufacturer’s protocols. One type of monoclonal
antibodies to interleukins is immobilized on the inner
cellular surface. The second type of monoclonal anti-
bodies to an independent cytokine epitope is con-
tained in the form of a conjugate with biotin accord-
ing to the kit. A conjugate of horseradish peroxidase
with streptavidin, which has a high affinity for biotin
is the indicator component.

The optical density results were recorded using an
automatic photometer at a wavelength of 450 nm. Con-
centration of interleukins was calculated using an «op-
tical density/concentration» graphical calibration curve.

The Multiskan EX 355 enzyme immunoassay ana-
lyzer (Termolabsystems, China) with a multichannel
vertical scanning spectrophotometer was used. The
minimum available reliable concentration of IL-6,
determined by test systems, was 0.5 pg/ml, the range
of measuring concentrations was 0-250 pg/ml.
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Mamu, CTaHOBUTH 0,5 Tr/mJ1, Iianma3oH BUMipIOBaIbHUX
koHueHTpauin 0—250 or/mi. YyTauBicTh MeTOLy IIpH
BusHaueHHi IL-10 craHoBuTth 1 1r/mi, miana3oH BUMi-
proBaibHUX KoHueHTpauii 0—500 nr/ma. I[Ipu BusHa-
yeHHi TNF-0 MiHiMaJIbHA YyTJIMBICTh METOIY — 2 TIT/MJI,
Jiarma3oH BUMiproBaabHUX KoHLeHTpauin 0—200 mr/mi.
st po3paxyHKy KOHILEHTpallil 0iJika BUKOPUCTOBYBa-
Ju uudpoBuUil MeTon aHani3dy posnoainy IlyaccoHa Tta
cTaHAapTHY KpuBY. JlocaigkeHHs MpOBOAUIOCH B Ja-
OopaTopil iIMYHOTEHETUKM BIiAAiAy TeMaToJIOrii Ta
TPaHCIJAHTOJOTil IHCTUTYTY KJiHIYHOI pamiosiorii
HHIIPMTIO.

CraTCTUYHE OIpaLlOBaHHSI JAHUX ITPOBOIVIN 3 BU-
KOPMCTaHHSIM cTaTUCTUYHOTrO rakeTy SPSS Statistics 21.
AHai3 pe3yabTaTiB AOC/iIXKEHb 3MiACHIOBAIN 32 METO-
nom Cripmana (mipu p < 0,05). Po3paxoByBanu cepenHi
3HAYEeHHS BEJIMYUH, CTaHIAPTHE BiIXWIJICHHS, IIpOBEIe-
HO AUCNepCiiHui, KopeasiuiiHuii aHati3, BU3HAYEHHS
KPUTEPiiB iHAEKCIiB MPOrHO3y 3 BUKOPUCTAHHSIM Tal-
JIMLb CIIpsKeHOCTI (3a koeditienToM y? [lipcona).

Posnogin 3a cramiero ITKM 3rigHo 3 kiacugikalliero
ISS [17, 18] (I-III cT.) Ta 3a pagialiiHUM aHAMHE30M
MNali€HTiB MpeacTaBIeHo B puc. 1.

0O06’eM 00CTeXEHHSI XBOpUX OYy/10 BU3HAUEHO 3 ypaxy-
BaHHsAM Kiacudikanii CRAB [19], ska Bkitovae 4 Kpu-
Tepil: piBeHb Kajbllil0 CUPOBATKU KPOBi, CTyMiHb ypa-
JKeHHSI HUPOK (piBeHb KpeaTHHIHY), HasgBHICTh aHEMid-
HOTO CUHAPOMY (piBeHb reMOIJI00iHy) Ta JITUYHUX ypa-
JKEeHb KiCTKOBO1 TKAHWHU.

PE3VYJIBTATU TA IX OBGTOBOPEHHS

BussneHi BiIMiHHOCTI IIOIO XapaKTepy IOPYILIEHHS 11-
TOKiHOBOro OayiaHcy y xBopux Ha ITKM 3anexHo Bia rpyrnu
CIIOCTEPEKEHHS, CTail i mepebiry 3axBoproBaHHS (puc. 2).

I onpomiHeHi / exposed
HeonpomiHeHi / not exposed |

17,5t-----
I «oHTponb / control

IL-6 TNF-o IL-10
piBHI LUTOKIHIB Y cMpoBaTLi KpPoBi
serum cytokine content

Sensitivity of the method for determining 1L-10
was 1 pg/ml with 0-500 pg/ml range of measuring
concentrations. When assaying TNF-o, the mini-
mum sensitivity of method was 2 pg/ml with
0—200 pg/ml range of measuring concentrations.
The digital method of Poisson distribution analysis
and a standard curve were used to calculate the
protein concentration. Study was conducted at the
Immunogenetics Laboratory of the Hematology
and Transplantology Department of the Institute
of Clinical Radiology of the NRCRMHO.

Statistical processing of data was performed using
the SPSS Statistics 21 software. Analysis of
research results was carried out using the Spearman
method (at p < 0.05). Mean values and standard
deviations were calculated. The analysis of vari-
ance, correlation analysis, and determination of
criteria for prognosis indices using the conjugation
tables (by Pearson’s %2 coefficient) were performed.

Distribution of the study subjects by PCM stage
according to the ISS classification [17, 18] (I-III
stages) and by radiation history is presented in Fig. 1.

Scope of examination of the patients was estab-
lished taking into account the CRAB classification
[19], which includes 4 criteria: serum calcium
level, degree of kidney damage (according to the
serum creatinine level), presence of anemic syn-
drome (according to the blood hemoglobin level)
and lytic lesions of bone tissue.

RESULTS AND DISCUSSION

There were found differences in the nature of
cytokine imbalance in PCM patients depending on
the study group, disease stage and course (Fig. 2).

PucyHoK 2. KoHueHTpauia IL-6, TNF-a 1a IL-10 B cupoBaryi
KpoBi y xBopux Ha MMKM 3anexHo Bip HaaBHOCTI KOHTaKTy 3 IB

Figure 2. Serum IL-6, TNF-o, and IL-10 concentration in PCM
patients depending on the contact with ionizing radiation
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Hamu BusiBIeHO BipOTioHY pi3HUIIO KOHLIEHTpAILil
3a3HAYEHUX LIMTOKIHIB y Tpymnax MopiBHAHHSI. Tak,
piBeHb IL-6 B cuposarui [1K y HeonmpomiHeHuUX marli-
enTiB 3 [IKM 0OyB BUIIIMM 3a MOKA3HUKU 3a3HAUYEHOTO
IIMTOKIHY Yy 3MI0pPOBUX OCiO Maitke B 2 pa3u, a B OI-
POMiHEHHMX XBOPUX OiIbII HiXXK Y 7 pa3iB. ¥ onpoMiHe-
HUX XBOPUX BipOTigHO MiABUILIEHUM OYB TaKOX PiBEHb
IL-10 Ha BimMiHy Bif rpyIii HEOTTPOMiHEHUX XBOPUX, 1€
KOHIIEHTpallisl iHTepJelKiHy MpOTU3aNalbHOIO CIIpS-
MYBaHHS$I HabJIuxKanach 10 KOHTPOJbHUX 3HAUYEHb.

BcraHoBieHo, 1110 piBeHb Mpo3alaJlbHUX LIUTOKIHIB
B 000X rpynax crioctepexkeHHs y xBopux 3 I-II ct.
IMKM npu gocsrHeHHi pemicii / crabinizalii 3axBopio-
BaHHSI MaB aHAJIOTIYHMI XapakTep i HaOJMXKaBCSI A0
KOHTPOJIbHUX 3HAY€Hb.

PiBenn IL-10 B 000X rpymax crmocTepexXeHHsI OyB
BipOTiTHO HIZKYMM 32 KOHTPOJIbHI 3HAYEHHS i B TPYITi
OIPOMiHEHHMX XBOPUX OYB Mailke B IBa pa3y HIKINM,
HIX y Dali€HTIB KOHTPOJbHOI IPYMNH, 110 HiATBEPAXKYE
3aJIEKHICTh XapaKTepy LMTOKIHOBOTO OajaHCy y XBO-
pux Ha ITKM Big cTazii 3aXBOproBaHHS i HasIBHOCTi B
aHaMHe3i paaialiiiHol KOMIIOHEHTH, a TAKOX CBiIYUTh
Opo BiIMiHHI MeXaHi3MM KOMIIEHCAaTOPHOIO peary-
BaHHSI JJAHKM LMTOKIHOBOI PEryssiii 3aJieXkKHO Bif
BILIMBY HETaTUBHUX €K30T€HHNX YMHHHUKIB.

Po3BUTOK pe3uCTeHTHOCTI A0 jdikyBaHHs [20] Ta
nporpecyBaHHs1 IIKM y xBopux 3 I-II cT. cynpoBoa-
JKyBaBCsI 3pOCTaHHSIM KOHLeHTpawii IL-6 mopiBHSIHO 3
¢azoro pemicii / crabinizalii, oqfHaK He JOCIT TaKOIo
3HAYHOTO PiBHSI, SIK Ha €Talli MepBUHHOI 1iarHOCTUKU
3aXBOPIOBAHHS B 3arajibHiil Ipymi JOCiIXKEHHSI.

Ha BinMminy Bin 1L-6, piBenb TNF-o, He3ayexxHoO Bin
BiIHOLIEHHS MaLiEHTIB A0 padialliiiHOro YNHHUKA, TIPU
BTpaTi peMicii 3aJIMIIaBCs 3iCTABHUM 3 TaKUM Y TPyIli
KoHTpomo: (1,24 & 0,15) nr/mn ta (1,09 & 0,12) nr/min
npotu (1,45 = 0,12) nr/mna, BinnosigHo (p > 0,05),
(puc. 3).

PiBeHb mpotuszananbHoro uutokiHy IL-10 y pasi
nporpecii ITKM sk y onpomMiHEHHUX, TaK i B HEOIIPOMi-
HEHMX TaLieHTiB, He3aexxHo Bix cranii [IKM, 3pocTas
TIOPIBHSTHO 3 MAlliEHTaAMU 3i CTa0TbHUM TIepedirom 3ax-
BOPIOBaHHSI, ONHAK IIPOMOBXYBAaB 3aJIMINATACh HIK-
YUM, HiXX Y KOHTpOJIBHi# Tpymi: (5,34 & 0,66) rir/mi Ta
(5,2 £ 0,34) ir/mu mpotu (8,26 & 1,09) rir/mut (p > 0,05),
BinmosigHo (puc. 3). [TomiOHOTO XapaKTepy 3MiHU LU~
TOKiHOBOIro OajlaHCy B OOCTEXEHUX TIpylax CIoc-
tepiraauch i y xBopux Ha I[TKM i3 III cT. B npoueci
CITIOCTEPEXKEHHSI 3a MepediroM 3aXBOPIOBaHHS, BU3HA-
YeHO OilblLI BUpaXeHUIA acoliaTUBHUI 3B’SI30K KiJlb-
KiCHUX XapaKTepUCTHUK IIPO3aIajJbHUX i IIPOTU3aIIaIb-
HUX IIUTOKIHIB i3 cTaji€lo 3aXBOpIoBaHHS (puc. 4).

There was found a significant difference in con-
centration of these cytokines in the study groups. So,
the IL-6 level in peripheral blood serum in non-irra-
diated PCM patients was almost 2 times higher than
in healthy individuals, while in irradiated patients it
was more than 7 times higher. Level of IL-10 in irra-
diated patients was also significantly increased, in
contrast to the group of non-irradiated subjects,
where the concentration of anti-inflammatory inter-
leukin approached the control values.

It was established that the level of pro-inflamma-
tory cytokines in both study groups of the stage [—I1
PCM patients when achieving the disease remission /
stabilization was of a similar pattern approaching the
control values.

Level of IL-10 in both study groups was significant-
ly lower than control values being in the group of irra-
diated patients almost twice lower than in the control
group, which confirmed the dependence of nature of
cytokine balance in PCM patients on the disease stage
and presence of a radiation factor in the history. It also
indicated to the different mechanisms of compensa-
tory response of cytokine regulation system depend-
ing on the impact of unfavorable exogenous factors.

Development of resistance to the treatment [20]
and progression of PCM in patients with the stage
I-II disease was accompanied by an increase in the
IL-6 concentration compared to the remission / sta-
bilization phase, but not reaching such a significant
level as at the stage of primary diagnosis of the dis-
ease in the general study group.

Unlike IL-6, the level of TNF-o, regardless of
patients’ relation to radiation factor, remained compa-
rable to that in the control group upon loss of remis-
sion i.e. (1.24 = 0.15) pg/ml and (1.09 £ 0.12) pg/ml
versus (1.45 £ 0.12) pg/ml, respectively (p > 0.05),
(Fig. 3).

Level of the anti-inflammatory cytokine 1L-10 in
case of PCM progression in both irradiated and
non-irradiated patients, regardless of PCM stage,
was increasing compared to patients with a stable
disease course, but continued to remain lower than
in the control group i.e. (5.34 £ 0.66) pg/ml and
(5.2 £ 0.34) pg/ml versus (8.26 * 1.09) pg/ml
(p > 0.05), respectively (Fig. 3). A similar pattern of
changes in cytokine balance was observed in the
PCM stage 111 patients. Within survey of the disease
course a more pronounced associative relationship
of quantitative characteristics of pro-inflammatory
and anti-inflammatory cytokines with the disease
stage was determined (Fig. 4).
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PucyHok 3. KoHueHnTtpauia IL-6, TNF-a Ta
IL-10 B cupoBarui KpoBi y xBopux Ha KM
I-II cT. Ha pi3Hux eTanax nepebiry 3axsopio-
BaHHA, 3 ypaxyBaHHAM HasABHOCTi KOHTaKTy 3 IB

Figure 3. Serum IL-6, TNF-o, and IL-10 con-
centration in stage I-II PCM patients at dif-
ferent periods of the disease course with ac-
counting the contact with ionizing radiation

Busnaueno, 1o koHueHtpauis IL-6 3a HagBHOCTI
pemicii / crabimizallii 3axBOpPIOBaHHSI B TPYII OII-
PpOMiHeHUX IallieHTiB Oyna cyrTeBo Buioo (p < 0,05),
HiX y KOHTpOJIbHii Tpymi — (7,54 + 0,76) 1ir/mJu mpo-
™ (2,24 + 0,3) nr/ma (puc. 3, puc. 4), 110 MiATBEPI-
KYE 3aJIeXKHICTh XapaKTepy LIMTOKIHOBOro OajiaHCy Y
xBopux Ha I[TKM Bix crazii 3axBoproBaHHSI i HASIBHOCTI
B aHaMHe3i pagialiiiHol KOMITOHEHTH.

Takoro X HampsIMKY 3MiHM MaJy Miclie 111010 PiBHS
TNF-o B 0cib, sIKi mocTpaxkaajiy BHACIIIOK aBapii Ha
YAEC, nopiBHsIHO 3 Tpynoio KoHTpoJo: (4,02 £ 1,06
nr/mn) npotu (1,45 + 0,12 rir/min), (p < 0,05). Y Heorn-
pomiHeHMX XxBopux KoHmeHTpaiis IL-6 ta TNF-a
BH3HAYajaach Ha PiBHi KOHTPOJIbLHOI TPYMU.

BcraHoBieHO, 110 IporpecyBaHHsI XBOpOOU y Om-
pomiHeHUX i HeompoMiHeHux xBopux 3 III ct. [TIKM
CYIPOBOIKYBAJIOCh 3HAUYIIVM ITiABUIIIEHHIM KOHIIE-
Hrpauii I1L-6. OpHak, B 0cib, gKi mocTpaxgaiu
BHacainok YopHoOunbcrkoi Katactpodwm, i3 III cr
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It was found that IL-6 concentration in case of the
disease remission / stabilization in the group of irra-
diated patients was significantly higher (p < 0.05)
than in the control group namely (7.54 + 0.76) pg/ml
versus (2.24 + 0.3) pg/ml (Fig. 3, Fig. 4), which con-
firmed a dependence of the nature of cytokine bal-
ance in PCM patients on the disease stage and expo-
sure to ionizing radiation in the history.

There was the same course of changes in the level
of TNF-o in persons survived after the Chornobyl
NPP accident (4.02 £ 1.06 pg/ml) compared to the
control group (1.45 £ 0.12 pg/ml), (p < 0.05). Con-
centration of 1L-6 and TNF-o in non-irradiated
patients was at the same level as in the control group.

Progression of the disease in irradiated and non-irra-
diated stage 111 PCM patients was accompanied by a
significant increase in the IL-6 concentration. How-
ever, in the Chornobyl NPP accident survivors this
value was significantly higher also compared to the
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PucyHoK 4. KoHueHntpauia IL-6, TNF-a Ta
IL-10 B cupoBarui KpoBi y xBopux Ha MKM III
CT. Ha pi3HUX eTanax nepediry 3axBOpPIOBaHHSA,

- 3 ypaxyBaHHAM HAaABHOCTI KOHTaKTy 3 IB

p L R O S R piBeHb IL-6 |
! ! ! IL-6 level
O e C
2 | | | |
Q15| - - - - - - -- Hommmoooe- Ammmeoooe- Ammmmmoooooo -- oo
N ‘ : ‘ :
§10" el e e T
B | | 1 |
5F-4+ ----- - e T e
i i
0
5p----- e R ---| pisenb TNF-o
[ ! ! TNF-a level
EYL N T .
) ! ! !
i e R el S R
§ I | |
S |- BTN S —— —
B 1‘
c

1,, ,,,,,,,,,,,,,,,,,,,,, |

0

16} ----- l ——————————— dmmmmmmmmees Ammmmmmmeeee i----| piseb IL-10

1al - I N AU IL-10 level

€ qol-- S S S S I

) : : : :

210} -- S lommmmomoooe EEEE

N~ I I I I

N gl I S S ol i

g’ 1 1

Ser NN Eaa *

[ = Ab--- - : ,,,,,,,,, |
i

2,, ,,,,,,,,,,,,,,,,,,,,,

0 nporpecis progression pemicis remission KOHTPONb
OMPOMIHEHI  HEOMPOMIHEHI  ONPOMiHEHi HEONPOMiHeHi control
nporpecis progression remission remission
exposed not exposed exposed not exposed

Figure 4. Serun IL-6, TNF-o, and IL-10 con-
centration in PCM stage III patients at differ-
ent periods of the disease course with ac-
counting the contact with ionizing radiation

ITKM 1eil moka3zHMK OYB 3HAYHO BUILIUM TaKOX i
MOPiBHSIHO 3 MalliEHTaMu 3 aHajioriyHoi rpynu i3 II cT.
3axBoproBaHHs: (21,24 + 4,53) nr/mn mporu (5,7 =
0,52) nir/mi BinnosigHo, (p < 0,05), (puc. 3, puc. 4).

V rpymni onpominenux xgopux i3 I1I c¢t. ITKM croc-
Tepirajgoch Takox 3poctaHHs piBHS TNF-o mopiBHsI-
HO 3 TPYIIOI0 KOHTPOJIIO. Y XBOPUX KOHTPOJIbHOI IPyNu
BU3Hayajaach BUCOKA TEHAEHILisI 1O 3pOCTaHHS KOHIIE-
HTpallii TaHOTO LIIMTOKiHY TOAIOHO O eTaIly peMicii /
crabiyizallii, mpu MporpecyBaHHi XBOPOOMU.

¥ mauienTis i3 111 ct. [1IKM 3anexHo Big HassBHOCTI /
BiICyTHOCTiI KOHTaKTYy 3 IB MaB Mic1ie pi3HOCTIpsiMOBa-
HUII XapakTep 3MiHU KoHueHTpauii IL-10 BimHOCHO
KOHTPOJIIO — BipoTigHe MiABUIIEHHS Yy OMPOMiHEHUX
0ci0 i BiporigHe 3HMXXEHHSI Y HEONPOMiHEHUX Malli-
€HTIB.

OTtpuMaHi JaHi MiATBEPIXYIOTh TilOTe3y IIOI0 3a-
JIEXKHOCTI XapakTepy i NIMOMHU NOPYIIEHb LIMTOKiHO-
Boro 6anaHcy y xsopux Ha [TKM He TiJIbKU Bif CTyIe-

patients in a similar group with the disease stage II
namely (21.24 + 4.53) pg/ml versus (5.7 £ 0.52) pg/ml,
respectively, (p < 0.05), (Fig. 3, 4).

In the group of irradiated patients with stage I1I
PCM, an increase in the TNF-o level was also
observed compared to the control group. A strong
trend to increase in the concentration of this
cytokine was determined in non-irradiated patients,
similar to the stage of remission / stabilization in dis-
ease progression.

In stage 111 PCM patients, depending on the pres-
ence / absence of contact with ionizing radiation, a
multidirectional change in IL-10 concentration rel-
ative to the control was found featuring a significant
increase in irradiated individuals and a significant
decrease in non-irradiated patients.

The obtained data confirm the hypothesis that the
nature and depth of cytokine balance disorders in
PCM patients depend not only on the disease stage
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Hs i Tepebiry 3aXxBOpIOBaHHS, ajie i BiJ HasSIBHOCTI B
aHaMHe3i paaialiiHOro YMHHUKA, SIKUIA TPOBOKYE He-
KOHTPOJIbOBaHY HAIJIMIIKOBY IIPOAYKIIIIO IIpo3aIaib-
HUX LIUTOKIiHIB Ta KJIITUH, 1[0 CBOEIO YeProlo CIpUYU-
HSIE PO3BUTOK «IIMTOKIHOBOTO IITOPMY», SIKWI 3MIiHIOE
XapakTep ajgalTUBHOI iIMYHHOI peaklii Ha IMaToJIoriy-
HUI mpolec i crnpusie (popMyBaHHIO Tillep3anaaeHHs
Ta yCKJIaIHEHb Mepediry 3axBoproBaHHs [21, 22].

Came akTMBHA HaMuikosa npoaykuis IL-6 o06y-
MOBJIIOE 3MiHY XapakTepy CHiBBiIZHOILIEHHS Ipo3a-
najJibHUX 1 TMpoTU3anaJbHUX LMUTOKIHIB Y XBOpUX 3
pagialiiiHUM aHaMHe30M. Bimomo, 1o B MenuyHii
MPaKTHIli BUPaXKEHWI HaTMIIKOBUI piBeHb [1L-6 111e
Ha3MBalOTh «MapKEepOM PU3UKY LMTOKIHOBOIO ILITOP-
My», OUIbII paHHIM MapKepoM 3arlajeHHs, HiX OiJKu
roctpoi ¢aszu [22, 23].

Mono BHecky TNF-o B mopyiieHHs1 OanaHcy LM-
TOKiHOBOI peryJisiiii Ha pi3HUX eTarnax JikyBaHHs [TKM,
OyJ10 JOCIIiIKEeHO BipOriaHi 3MiHM CUPOBATKOBOI KOHIIE-
HTpauii naHoro 6inka numre y xsopux Ha [TKM III ct.
YV onpoMiHeHUX XBOPUX BCTAHOBJIEHO BipOTiIHO BUILIMIA
piBenb IL-10 — (11,48%+ 1,34) nir/mu Ha BiAMiHY Bin
Ipymny HeolpoMiHeHUX XxBopux — (6,05% 1,21) or/mi,
JIe KOHLEHTpalisl IHTEpJelKiHy NpOoTHU3anaibHOrO
CIIpSIMYBaHHS HabJMKaaach 0 KOHTPOJIbHUX 3HAYE€Hb
(8,26 = 1,09) nir/mi. Bepyuu no ysaru, o IL-10 Buko-
HY€E NPOBiIHY POJIb y peryJsiiiii 3afajJbHOIro Ta iMyHHOTO
MpPOLIECiB, OCKIIbKM BiH iHTIOyE CHUHTE3 ILIJIOTrO pPsSIy
Mpo3anajbHUX LUTOKIHIB, 30kpema IL-6, TNF-o, 1e
BIUIMBA€E Ha ()OpMYBaHHS 3aITaJIbHUX IIPOLIECIB.

Tomy, minBuinenHs piBHsa 1L-10 B ormpoMiHeHUX XBO-
pUX y CTafii Iporpecii 3aXxBOprOBaHHSI MOXHa pPO3LIi-
HIOBaTU SIK (PaKT KOMIIEHCATOPHOIO pearyBaHHsS M-
TOKiHOBOI J1aHKHU [24].

3rigHo 3 JiTepaTypHUMHU JaHUMU IIOJ0 HeaJaeKBaTHO
BHCOKHMX CHPOBATKOBUX PiBHiB 1IUTOKiHY IL-10, Ha Cb-
OTOJIHi TOCJIiTHUKW BUCTOBIIOIOTh AEKiIbKa MOSICHEHD:
BUCOKi piBHI IL-10 MOXyTh OyTHM iHTEpHpPETOBaHI SIK
crpoba 3MeHILIeHHSI Tirep3anajaeHHs, 3arodiraHHsI Mol -
KOJI?KEHHIO TKAHWH OPTaHiB i MOXYTh OyTH 1OIATKOBUMU
(bakTopamu TSDKKOCTI Tiepe6iry 3axBoproBaHHs [25, 26].

TakuM 4YMHOM, pe3yabTaTH IIPOBEACHUX JTOCIIIKCHD
cBiguarhb 1po Te, 1o y xBopux Ha [TKM crniocTepieTbest
BiporigHa pi3HUIL y CTyMeHi aucOanaHCy B rpyrax
TMOPiBHSIHHS: OINPOMiHEHI MalliEHTA Maly BipOTiTHO
Oifblli MOPYIIEHHS LIMTOKIHOBOIO OajlaHCy i O3HaKu
(opMyBaHHSI TaK 3BAaHOTO «LIMTOKIHOBOTO LLITOPMY» —
MPOAYKLIil HamIMIIKOBOro piBHS IL-6, 1110 € 03HaKOO
3MilleHHS XapaKTepy iMyHHOTO pearyBaHHsI OpraHizmy
3 (popMaTy HOpMaJIbHOI iIMyHHOI BiIMOBiIi HA MO3UILIil0
naToJioriyHoro pearyBaHHsl. Lle miaTBepIKye II€BHE
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and course, but also on presence of radiation factor
in the history that provokes an uncontrolled exces-
sive production of pro-inflammatory cytokines and
cells, which, in turn, causes a «cytokine storm»,
which changes the nature of adaptive immune
response to the pathological process and contributes
to the formation of hyperinflammation and compli-
cations of the disease course [21, 22].

It is the active excessive production of IL-6 that
causes a change in the nature of ratio of pro-inflam-
matory and anti-inflammatory cytokines in the
patients with a history of exposure to ionizing radi-
ation. It is known that a pronounced excessive level
of IL-6 is also called in medical practice a «cytokine
storm risk marker» as an earlier marker of inflam-
mation than acute phase proteins [22, 23].

Regarding the contribution of TNF-o to imbal-
ance of cytokine regulation at different stages of
PCM treatment, significant changes in the serum
concentration of this protein were revealed only in
stage III PCM patients. A significantly higher level
of IL-10 (11.48 = 1.34) pg/ml was found in the irra-
diated patients in contrast to the group of non-irra-
diated ones (6.05 £ 1.21) pg/ml, where the concen-
tration of anti-inflammatory interleukin approached
control values (8.26 * 1.09) pg/ml. Taking into
account that IL-10 plays a leading role in regulation
of inflammatory and immune processes, since it
inhibits the synthesis of a number of pro-inflamma-
tory cytokines, in particular IL-6, TNF-o, this
affects the formation of inflammatory processes.

Therefore, an increase in the level of IL-10 in
irradiated patients at the stage of disease progression
can be regarded as a fact of compensatory response
from the cytokine system [24].

According to the literature data on inadequately
high serum levels of cytokine IL-10, several expla-
nations have been currently offered i.e. that high
levels of IL-10 can be interpreted as an attempt to
reduce hyperinflammation, prevent damage to
organ tissues, and may be additional factors in the
disease severity [25, 26].

Thus, the study results indicate that a significant
difference in the degree of imbalance was observed
in PCM patients in the study groups namely the
irradiated patients had significantly greater viola-
tions of cytokine balance and signs of the formation
of so-called «cytokine storm» featuring production
of the excess levels of IL-6 as a sign of a shift in the
nature of the body’s immune response from the
normal to pathological one. This confirms the cer-
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3HAYE€HHSI HasBHOCTI B aHaMHe3i xBopux Ha [IKM
pamialiiiHOT KOMIOHEHTU SIK MOXJIMBOIO MNpeauKTopa
OOTSI>KEHOTO KIIiHIYHOTO nepebiry Ta ii IeBHYy naToreHe-
TUYHY POJIb Y CTUMYJISLIT MYXJIMHHOTO IMPOLIECY, HiABY-
IIEHHi aKTUBHOCTI 3aMaJbHUX peaKiliii, 10 CIIPUsIE BU-
HUKHEHHIO YCKJIaJHEeHb Ha BCiX CTaisx Nepeodiry 3axBo-
pIOBaHHS.

BUCHOBKU

1. JochiakeHHsI KOMILUIEKCHOTO BHECKY PiBHS CeKpellil
Opo- Ta MPOTU3aIaIbHUX LIUTOKIHIB y MaTOreHe3 Iia3-
MOKJIITUHHOI MI€JIOMUA CYTTEBO PO3IIMPIOE YSABICHHS
11010 Mepediry 3aXBOpIOBaHHS B 0Ci0, SIKi IMocTpaxaaiun
BHacigok aBapii Ha HAEC.

2. Pesynbraté nmocmimKeHb ITATBEPIKYIOTh 3HAUYCHHS
HasgBHOCTi B aHamHe3i xBopux Ha [IKM pagiawifinoi
KOMITOHEHTU SIK MOXJIMBOTO MPEIUKTOpPa OOTSIXKEHOTO
KJIIHIYHOTO Tepebiry 3aXxBOpIOBaHHS Ta MEBHY IaTore-
HETUYHY POJIb Yy CTUMYJISILII IyXJIMHHOTO IIPOIIECY,
MiABUIIEHHI AaKTUBHOCTI 3amajJbHUX peakliiii, 110
CIpHUSIE BUHMKHEHHIO YCKJIaAHEHb Ha BCiX CTaisIX Ie-
pebiry 3axBOpIOBaHHSI.

3. Iloganpiie JociaKeHHS PiBHS CEKpellii ITpo- Ta Impo-
TU3anaJbHUX IIUTOKIHIB TO3BOJIUTH PO3LIUPUTU CIIEKTP
KJIiHIKO-T€MaTOJOTIYHUX Ta IMYHOJOTiYHUX (aKTOpiB
OpOrHo3y Iepebiry 3axBOpPIOBaHHS i OLIIHKU e(heKTUB-
HOCTI Tepamii y Maui€HTIB 3 IJa3MOKJIITUHHOK Mi€Jo-
MOIO, SIKi MOCTpaxkgajdud BHACHiZoK aBapii Ha YopHo-
ounbcbkiit AEC.
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tain significance of radiation factor in the history
of PCM patients as a possible predictor of a severe
clinical course, and a certain pathogenetic role in
stimulating the tumor process, increasing the
activity of inflammatory reactions, which con-
tributes to the occurrence of complications at any
disease stage.

CONCLUSIONS

1. Study of the complex contribution of the level of
secretion of pro- and anti-inflammatory cytokines
to the pathogenesis of plasma cell myeloma signif-
icantly expands understanding of the disease
course in people who survived after the Chornobyl
NPP accident.

2. Study results confirm the importance of a radi-
ation factor in the history of PCM patients as a
possible predictor of a severe clinical course of the
disease and the certain pathogenetic role in stimu-
lating the tumor process, increasing the activity of
inflammatory reactions, which contributes to the
occurrence of complications at any disease stage.
3. Further study of the level of secretion of pro-
and anti-inflammatory cytokines will allow the
expanding of spectrum of clinical, hematological
and immunological factors valuable for predicting
the disease course and assessing the effectiveness
of therapy in plasma cell myeloma patients sur-
vived after the Chornobyl NPP accident.
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