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AHAJII3 XAPAKTEPY PETYJIAII ITIPOTUSATIAJIbHUX I
ITPO3AITAJIBHUX IIUTOKIHIB HA PI3HUX ETAITIAX IIEPEBIT'Y
IIJIASMOKJIITUHHOI MIEJIOMMU Y XBOPHUX, AKI
ITOCTPAXIAJIA BHACJIIJIOK ABAPII HA YOPHOBMJIbCBHKIN AEC

MeTa: pocnignTn xapakTtep perynsauii npoTusananbHux i npo3ananbHuUX LUTOKIHIB HA pi3HMX eTanax nepebiry nnas-
MokniTMHHOT Mienomu (MKM) y xBopux, fiKi mocTpaxaanu BHacnigok aeapii Ha YopHobunbebkiit AEC, Ta ouiHKTK iX
3HAYEHHA AK NPOrHOCTUYHWX KpUTepiiB nepebiry 3aXxBOpIOBaHHS.
Marepianu i metoau. locnigxeHo pisHi npo- (IL-6, TNF-at) Ta npotusananbHux (IL-10) umToKiHiB, iX B3aEM0O3B'A30K
Ha pi3Hux eTanax nepebiry MKM (pemicis/cTabinizauis, nporpecis) y 74 nauientis 3 I-II 1a III cTagiamu 3axBopto-
BaHHA (35 ocib, nocTpaxpaanux BHacnigok aBapii Ha YAEC, Ta 39 HeonpoMiHeHUX 0Ci6) 3 BUKOPUCTAHHAM iMyHOdep-
MeHTHOro meToay (komepuiiiHi Habopw 3AT «BekTop-becT»).
Pesynbratu. Ha etani giarHoctuku KM y onpomiHeHux oci6 mano miclie ofHOCNpPAMOBAHe MifABUILEHHA PiBHA Npo-
3ananbHux (IL-6, TNF-a) i npotnsanansHoro (IL-10) UMTOKiHiB, y HEONPOMiHEHUX XBOPUX BU3HAYANOCh NiABULLEHHSA
KoHUeHTpaLii IL-6, TNF-o npu 3HuxeHHi IL-10 nopiBHAHO 3 KoHTponeM. Mepiof pemicii/cTabinizauii 3axBoploBaHHs
y nauientiB 3 I-II ct. MKM cynpoBom)XyBaBCS 3HUXEHHAM Npo3ananbHoro uuTokiHy IL-6, He3anexHo Big HasBs-
HOCTi/BifACYTHOCTi B @aHaMHe3i KOHTAKTY 3 i0Hi3yl4YMM BUNPOMiHIOBAHHAM, NnokasHuK TNF-o 3anuwascs Ha piBHi rpy-
nu KoHTposio. Mpu po3BUTKY peLnanBy XBOPobU Mano Micue cyTTeBE 3pOCTaHHA KOHLeHTpauii IL-6 B 060x o6cTexe-
HUX rpynax (onpomiHeHi, HeonpoMiHeHi), piBeHb TNF-ol He 3MiHIOBaBCA NOpPiBHAHO 3 ha3oto cTabinisauii 3axBopro-
BaHHA. OTpMMaHi gaHi He BUKNIIOYAOTbL NEBHWUI BHECOK B natoreHe3 [TKM HasiBHOCTI KOHTAKTY 3 pagialiiHUM YUHHK-
KOM fIK MOX/IMBOTO NpeAnKTopa 06TAXKeHOro nepebiry 4aHOro 3aXxBOPIOBAHHS.
BucHOBOK. B13HaueHHs cMpoBaTKOBOTO PiBHA LMTOKIHIB Npo- (IL-6, TNF-or) Ta npotusanansHoro (IL-10) cnpsamyBaH-
HS [O3BONSAE NiABUILNTM piBeHb ouiHku nepebiry NMKM Ta nporHo3sy edekTMBHOCTI nporpamu Tepanii.
KniouoBi cnoBa: nna3moKkniTMHHA Mi€NOMa, NpoTMU3ananbHi LUTOKIHM, npo3ananbHi LMTOKiHKM, aBapis Ha YopHo-
ounbcbkin AEC.
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REVIEW OF THE NATURE OF ANTI-INFLAMMATORY AND
PRO-INFLAMMATORY CYTOKINE REGULATION IN DIFFERENT
PERIODS OF PLASMA CELL MYELOMA NATURAL HISTORY

IN THE CHORNOBYL NPP ACCIDENT SURVIVORS

Objective: identify the nature of anti-inflammatory and pro-inflammatory cytokine regulation in different periods
of plasma cell myeloma (PCM) natural history with evaluation of its role as a prognostic criterion for the disease
course in the Chornobyl NPP (ChNPP) accident survivors.
Materials and methods. Levels of pro-inflammatory (IL-6, TNF-o) and anti-inflammatory (IL-10) cytokines both
with their relationship were studied in the stage I-II and stage III PCM patients (n = 74) in different periods of the
disease natural history i.e. remission/stabilization and progression. Study groups included the ChNPP accident sur-
vivors (n = 35) and non-irradiated subjects (n = 39). Immunoenzymatic method was applied using the Vector-Best
CJISC commercial kits.
Results. There was a unidirectional increase in the levels of IL-6, TNF-o, and IL-10 in irradiated persons, and an ele-
vation of IL-6 and TNF-o concentration but with a decreased level of IL-10 in non-irradiated subjects compared to
control at the time of PCM diagnosis. Period of the disease remission/stabilization in PCM stage I-II patients fea-
tured a decrease in IL-6 concentration regardless of the exposure to ionizing radiation, while TNF-a. content
remained at the level of the control group. There was a significant increase in IL-6 concentration in both study
groups during the disease relapse, while TNF-a level remained unchanged compared to stabilization phase of the
disease. According to the obtained data a certain contribution of radiation exposure to the PCM pathogenesis as a
possible predictor of the exacerbated disease course cannon be excluded.
Conclusion. Determining the serum level of pro-inflammatory and anti-inflammatory cytokines (IL-6, TNF-o and
IL-10 respectively) provides advancement in assessment of the PCM course and predict the effectiveness of admin-
istration of therapy protocols.
Key words: plasma cell myeloma, anti-inflammatory cytokines, pro-inflammatory cytokines, Chornobyl NPP accident.
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BCTYII

V3arajbHIOIYYM BiTOMi CBITOBIilT TTpakTUlli (akTH 110~
JIo poJii ioHi3yo4yoro BuripomiHioBaHHs (IB) B marore-
He3i M1a3MoKIiTUHHOI Mieaomu (ITKM), ciin 3a3Ha-
YUTHU, 1O OibLIICTh HASIBHUX HA CHOTOJHI HAyKOBHUX
JaHUX MOiATBEPKYIOTb POJib pafiallilHOro YMHHUKA
SIK 30BHIIITHHOTO HEraTUBHOTO (pakToOpa iHAYKIIii 3aX-
BOproBaHHS. Haciinku onpomiHEHHSI BUBYAIUCH Ce-
pel pi3HUX KaTeropiil ompoMiHEeHUX, BKIIOYAIOUU MO-
CTpaxkJaJux Bil aTOMHOTO OomMOapayBaHHS, MpalliB-
HUKIB IepHOIl rajy3i Ta MalieHTiB, SIKi OTpUMYyBaIU
OINPOMiHEHHS B MEIUYHMX LUIAX [ 1—4]. Pesynsratamu
aHautizy [5] cnekTpy 3/10sIKiCHUX 3aXBOPIOBaHb B KO-
ropTi Y4acHUKIB JIiKBigaLii HacaigkiB aBapii Ha Yop-
Hoounbchkiit AEC (HAEC) B YkpaiHi, minTBepmkeHO
3HAYHE TMePEeBUILEHHS 3aXBOPIOBAHOCTI Ha MIi€EJOMHY

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

INTRODUCTION

Summarizing the worldwide available clinical data
regarding the role of ionizing radiation (IR) in
pathogenesis of plasma cell myeloma (PCM), it
should be stated that most of them confirm nowa-
days the role of IR as an external negative factor in
the disease induction. Consequences of the exposure
to IR were studied among a range of population
groups, including the atomic bombing survivors,
nuclear industry workers, and patients who had
experienced irradiation for medical purposes [1—4].
Data review [5] on the spectrum of malignancies in
the cohort of the Chornobyl NPP (ChNPP) acci-
dent consequences clean-up workers in Ukraine
indicated a significant excess of the incidence of
myeloma i. e. SIR 1.61 (DI: 1.01; 2.21). Presence of
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xBopooy — SIR 1,61 (JI1: 1,01; 2,21). 1151 pi3HUX KOTOPT
MNalLi€eHTIB 1OBEJAEHO HAasIBHICTb IEBHOTO 3B’ SI3KY MiX J10-
3010 OINpOMiHeHHS i BUHUKHeHHsIM TTKM, a Takox 3a-
JIEXKHICTb JIETAILHOCTI BiJl BEIWYMHU OTPUMAHOI JO3MU.
ITpote nmpencraBiaeHi Ha CbOTOMHI JaHi BBAXKAIOThCS HE-
OIHO3HAYHUMM i ITOTPEOYIOTH IMOJAJIBIIOTO BUBUCHHSI.

JlocigKeHHSI BHECKY iMYHOJIOTiYHOI KOMIIOHEHTU B
natoreHe3 [1KM cBiguaTh mpo cyTTEBe 3HAUEHHS peTy-
JISILiT LIMTOKIHIB IK YMHHMKIB B3a€EMO/il iIMyHHOI CUCTe-
MU 3i 3705IKiCHO TpacOpMOBaHMMU ILIa3MaTUYHUMU
KJIITUHAMM.

LluTokiHnu BBaxkarTbcsl MonMdikaTopaMy IITHPOKOTO
CHEKTpy OioNOTiYHUX peakliil, K OAHOHAIpaBICHUX,
TaK i OPOTWIEXKHO CIpsAMOBaHMX. BoHM, Hampukian,
30aTHI 1 CTUMYIIOBAaTU, i rajbMyBaTU aKTUBHICTb 3a-
NajJbHUX peaklliii, 0OyMOBIIOBATU e€(EKTOPHI i IIUTO-
TOKCUYHi edekTu. LlUTOKiHOBaA peryisliis 3ade3reuye
npoJidepanio, nudepeHLiloBaHHS Ta IOBHOLIIHHE
dyHkuioHyBaHHs1 KJITHH [6]. OcCKiJIbKM 0COOJIMBOCTI
LIMTOKIHOBOI PeryJisiilii BIUIMBalOTh Ha iMYHOJIOTiUHUIMA
3aXMUCT OpPTraHi3My B LIJIOMY, Bill 0ajgaHCy Mpo3anaJlbHUX
i mpoTU3anaJibHUX LMTOKIHIB 3aJeXUTh XapakTep Ie-
pebiry OHKOremMaToJIoriyHo1 IaToJIOori1, IKa HEPO3PUBHO
MoB’s13aHa 31 3HAYHUMU TIOPYIIEHHSIMUA B iIMyHHOMY TO-
MeocTasi naiieHTa [7, 8].

Ha cboroaHi akTMUBHO 0OTOBOPIOIOTHCS MMTUTAHHST MOX-
JIMBOCTI aAUTUBHOI B3a€MOil HECHPUSITIUBUX €KO-
JIOTIYHMX YMHHUKIB 30BHILIIHBOTO CEPEAOBUIIIA Ta TTIOPY-
IIEHb B IMyHHOMY r'OMeOCTa3i SIK €eK30Ie€HHUX i EHJIOTeH-
HUX ($aKTOpiB pU3MKY (OpMYBaHHS Ta Iepediry maro-
JIOTIYHOTO MpOLIECY.

META

MeTta — nOCHiAUTU XapaKTep peryJsiii MpoTu3anaibHUX
i mpo3anajbHUX LIMTOKIHIB HA PI3HUX eTamax mnepeoiry
MIa3MOKJIITUHHOL Mi€JIOMU Y XBOPUX, SIKi TTOCTpaXKaaiun
BHacaigoK aBapii Ha YopHoounbchkiit AEC, Ta ouiHUTH
iX 3HAYEHHS SIK KpUTEPiiB OLIHKU Mepediry XBopoou.

MATEPIAJIN 1 METOJIN

ITpoaHanizoBaHO LIMTOKiHOBUIT OaaHC y 74 Malli€EHTIB
3 [TIKM. 3 I—II Ta III cTagisiMmu 3aXBOPIOBAHHSI 3a1€X-
HO BiJl HAIBHOCTI B aHaMHe3i KoHTakTy 3 IB. O6cTexe-
Ho 35 mocTpaxkaanux BHacainok aBapii Ha YAEC Tta 39
0ci0, OMMPOMiIHEHMX y MeKaX MPUPOAHOTO padialliiHO-
ro ¢gony. B nmpoueci npoBeaeHHs crielU@iuyHOrO JiKy-
BaHHS OIIIHIOBaJIM MOCSTHEHHS peMicii/crabinizairii
abo HasIBHICTb mporpecii 3axBoproBaHHs. Pe3ynbratn
MOPiBHIOBAIM 3 KOHTPOJbHUMU AAHUMU, OTPUMaHU-
MU TIpU OOCTEXEHHI pernpe3eHTaTUBHOI Ipynu 3 12
MMPAKTUYHO 3IOPOBUX 0OCi0 (rpyma KoHTpomo). B mu-

a certain relationship between the radiation dose
and the occurrence of PCM, as well as the depend-
ence of mortality on the received dose value, had
been proven in different groups of patients.
However, data available today are considered am-
biguous and require further research.

Study results on the immune component contri-
bution to PCM pathogenesis testify to the essential
role of cytokine regulation, with cytokines as
interaction factors between the immune system
and malignantly transformed plasma cells.

Cytokines are considered the modifiers of a
wide range of biological reactions, both unidirec-
tional and oppositely directed. They, for example,
are capable to both stimulate and inhibit the
activity of inflammatory reactions, as well as pro-
mote effector and cytotoxic responses. Cytokine
regulation ensures cellular proliferation, differ-
entiation and full functioning [6]. Since the pe-
culiarities of cytokine regulation affect the im-
munological protection as a whole, the natural
course of blood cancers depends on the balance
of pro-inflammatory and anti-inflammatory
cytokines, whilst the hematological malignancies
are closely linked to significant disorders in the
immune homeostasis [7, 8].

Today, the issue of possible additive interaction
of adverse environmental impacts and disorders of
immune homeostasis as exogenous and endoge-
nous risk factors for the onset and course of patho-
logical process is being actively discussed.

OBJECTIVE

Identify the nature of anti-inflammatory and pro-
inflammatory cytokine regulation in different
periods of PCM natural history with evaluation of
its role as a prognostic criterion for the disease
course in the ChNPP accident survivors.

MATERIALS AND METHODS

The cytokine balance was analyzed in the stage
I—II and stage IIT PCM patients (n = 74), depend-
ing on exposure to IR in the history. The ChNPP
accident survivors (n = 35) and subjects irradiated
within limits of the natural radiation background
(n = 39) were examined. Achievement of PCM
remission/stabilization otherwise onset of disease
progression were evaluated under the specific
treatment. Results were compared with the control
data obtained during the examination of a repre-
sentative group of virtually healthy individuals
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HaMilli o0cTexXeHHs1 Bu3Hadaau piBeHb [L-6, TNF-o
i IL-10 y xBopux Ha [TKM no mouyaTky Ta micJist npo-
BeJEHHS CTaHAapTHOI Tepartii (depe3 3 Ta 6 MicsLiB)
y 3icTaBjieHHiI 3 KJIiHIYHUMU OCOOJUBOCTSIMU TIe-
pebiry 3axBoproBaHHs. KiibKicHe BU3HAUEHHS PiBHS
IL-6, IL-10 i TNF-o mpoBeAeHO B 3pa3Kax CUPOBAT-
ku niepudepuynoi kposi (I1K) imyHODEepMEeHTHUM
MeTonoM KomepuiiHumu Habopamu 3AT «Bekrtop-
bect».

PE3VIJIBTATU JOCJII/I2KEHb
AHaJti3 piBHS Mpo3anaibHuX HUToKiHIB IL-6, TNF-o 'y
rpyrax IOpiBHSIHHS (OMPOMiHEHi Ta HEONpPOMiHEHi
XBOpi) y 3iCTaBJEHHI 3 MOKa3HUKAMM 3I0POBHUX OCiO
(KOHTPOJIBHOI TPYTIN), OYJI0 TIPOBEICHO Y TAIli€EHTIB 10
MoYaTKy MpU3HA4YeHHs Teparii (Ha MOMEHT BCTaHOB-
JIeHHSI AiarHo3y). BctaHoBIEHO BiporigHe MiaBUILEHHS
koHueHTpauii TNF-o B cuposarui I1K y onpomMiHeHUX
XBOPHUX BIJIHOCHO AAaHUX MOKA3HUKIB y IPyIli KOHTPO-
mo: (3,16 £ 0,45) nr/mi nipotu (1,45 £ 0,12) nir/ma,
p < 0,05) (ta6u. 1), i 3HauHe mimBuiieHHs IL-6 —
(16,58 = 2,14) ir/mn ipotu (2,24 £ 0,3) rir/mut, p < 0,05).
B rpyni HeonmpomiHeHMX Iali€HTIB BigMiueHa TEH-
JEHIIi OO0 TepeBUILEHHS BMICTy 3a3HayeHUX MOKa3-
HUKIiB BiIHOCHO KOHTpPOJIbHUX 3HauyeHb. BuszHaueHe
3HIKCHHSI LIMTOKIHY IIPOTU3AIIaJIbHOTO CIIPSIMYBaHHS
(IL-10) y HeompoMiHEHHMX IIAlLIiEHTIB Ta BiporigHE
3pPOCTaHHS MOT0 PiBHS Y ONIPOMiHEHUX XBOPHUX.
BusiBieHo BiIMiHHOCTI IIOJO XapaKTepy MOpYILIEeH-
HsI LIMTOKiHOBOTro 6anaHcy y xBopux Ha ITKM 3anex-
HO BiJ rpynu CIocTepeXXeHHsI, cTail i mepediry 3axBo-
proBaHHs. BigmosinHo, B Ta01. 2, 3 IpeACTaBIeHO KOH-
ueHtpanii IL-6, TNF-o ta IL-10 B cupoBariii KpoBi y
xBopux Ha ITKM 3 I—II Ta III cTagisimu 3axBoproBaH-
HJ 3a7eXHO BiJ BiAINOBimi Ha JiKyBaHHS (peMmi-
cisi/cTabinizallisi, Iporpecisi 3aXBOPIOBaHHSI) Ta 3 ypa-
XYBaHHSIM HasIBHOCTi B aHaMHe3i KOHTakTy 3 IB.

Ta6naumusa 1

(control group, n = 12). Levels of IL-6, TNF-q,
and IL-10 were assayed in PCM patients before and
after the standard therapy conduction (upon 3 and
6 months) in comparison with clinical features of
the disease course. Quantitative assay of the 1L-6,
IL-10, and TNF-o was carried out in the peripher-
al blood (PB) serum samples by the immunoenzy-
matic method using the Vector-Best CJSC com-
mercial kits.

RESULTS

Compare of the level of pro-inflammatory cytokines
IL-6 and TNF-a in the study groups (irradiated and
non-irradiated patients) with the values in healthy
individuals (control group) was carried out before
the start of therapy i.e. at the time of diagnosis.
Significant increase in the serum TNF-o concentra-
tion was established in irradiated patients relative to
that in the control group: (3.16 £ 0.45) pg/ml vs.
(1.45x0.12) pg/ml, p <0.05), as well as a significant
increase in IL-6 level — (16.58 + 2.14) pg/ml vs.
(2.24 £ 0.3) pg/ml, p < 0.05) (Table 1). Trend to
exceed the content of the named above parameters
over the control values was noted in the group of
non-irradiated patients. Decrease of the anti-
inflammatory cytokine (IL-10) level in non-irradi-
ated patients and its significant increase in irradiated
ones were determined.

Differences in the nature of cytokine imbalance in
PCM patients were revealed, depending on the
observation group, stage and course of the disease.
Accordingly, serum concentrations of IL-6, TNF-a,
and IL-10 in stage I—II and stage 111 PCM patients
depending on response to the treatment (remis-
sion/stabilization or disease progression) and taking
into account exposure to IR in the history are shown
in Tables 2 and 3.

KoHuenTpauia IL-6, TNF-o. Ta IL-10 B cupoBatui KpoBi y xBopux Ha KM, 3anexHo Big HaABHOCTi KOHTaKTy 3 IB

Table 1

Serum concentration of IL-6, TNF-o, and IL-10 in PCM patients depending on exposure or no exposure to IR

Liutokinn cuposatku

F'pynu oGcTexxenux / Study groups

KpoBi, nr/mn OnpomiHeHi nauieHTn HeonpowmineHi naujieHTn F'pyna KOHTpONIO
Serum cytokines Exposed patients Non-exposed patients Control groups
pg/ml n=35 n=239 n=12
IL-6 16,58 = 2,14 ** 4,31 +0,65 2,24 £ 0,3
TNF-o. 3,16 + 0,45* 2,19 +0,44 1,45+0,12
IL-10 11,48 £ 1,34** 6,05 £ 1,21 8,26 = 1,09

MpUMITKW. N — KiNbKICTb CMOCTEPEXEHD; * — BipOriAHICTb PO3BIKHOCTEl MOPIBHAHO 3 NOKA3HMUKAMK KOHTPOAbHOI rpynn, p < 0,05; ** — BiporigHiCTb po36iXHOCTEI NOPIBHSHO 3

NoKa3HUKamu rpynu HeonpOMiHeHMX naujeHTis, p < 0,05.

Notes. n — number of observations; * — significance of differences vs. control group, p < 0.05; ** — significance of differences vs. non-exposed patients, p < 0.05.
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ITpu pocnigkeHHi MOKa3HUKIB IUTOKIHOBOTO CTaTyCy
y xBopux 3 nporpecieto ITKM, He3anexHo Bia aii pagia-
Lii{HOr0 YMHHMKA, BCTAHOBJIEHO BiporigHe MigBUILIEHHS
BMicTy IL-6 BiTHOCHO IpyITM MALIiEHTIB, SIKi JOCSITIIN pe-
Micii/cTabinizalii 3aXBopioBaHHS Ta OCi0 KOHTPOJBHOT
rpynu (ta6. 2). Konuenrpauis TNF-o 3Haxoauaach Ha
PiBHI MOKA3HUKIB I'PyIX KOHTPOIIO B 000X 00CTEXKEHUX
rpymnax XBopux. $IK y onmpoMiHEeHHUX, TaK i y HEOTIpOMiHe-
Hux nauieHTtiB 3 [TKM Ha craznii pemicii/cra0imizaii,
KoHueHTpauis IL-10 6yna cyrreBo (p < 0,05) HUXKYOIO
3a KOHTPOJIbHI 3HAY€HHSI, OAHAK Y OIPOMiHEHUX XBOPUX
piBeHb IL-10 3HMKyBaBCS OiJIBIIIOI0 MipOIO MOPIBHSIHO 3
namieHTaMu, OMPOMIiHEHMMHU B MeXax ITPUPOIHOTO
pamianiiinoro ¢ony: (2,6 = 0,38) nr/ma nportu (4,48 £
0,66) rir/mu1, BigmosigHo). [TokazHuku 1L-10 B 060X Bu-
111€3a3HaYeHUX TpyIax OyJu 3HAYHO HMKYMMU, HiX Y
TPYITi KOHTPOJIO.

IIporpecis 3axBoproBaHHs y xBopux 3 I—II cranmisimu
ITKM cynpoBomKyBaaach HOAANBIIMM 3POCTaHHSIM KOH-

Ta6nuusa 2

Significant increase in IL-6 content was estab-
lished in the patients with PCM progression
regardless of radiation factor effect vs. group of
patients in whom remission/stabilization of the
disease was achieved and individuals of the control
group (Table 2). TNF-a concentration in both
study groups was at the level of that in the control
group. In both irradiated and non-irradiated PCM
patients in the phase of remission/stabilization the
IL-10 concentration was significantly (p < 0.05)
lower vs. control values, however in irradiated
patients the IL-10 level was decreased to a greater
extent compared to the subjects exposed to the
natural radiation background: (2.6 + 0.38) pg/ml
vs. (4.48 = 0.66) pg/ml, respectively. 1L-10 levels
in both above-mentioned groups were significant-
ly lower than in the control group.

The disease progression in stage [-I1 PCM pati-
ents was accompanied by a further increase in I1L-6

KoHueHTpauia IL-6, TNF-o Ta IL-10 B cupoBaruyi kpoBi y xBopux Ha MKM I-II crapin Ha pi3Hux eTanax nepebiry

3aXBOPIOBAHHA, 3 YpaxyBaHHAM HAasABHOCTi KOHTaKTy 3 IB
Table 2

Serum concentration of IL-6, TNF-c, and IL-10 in stage I-II PCM patients in different periods of the disease

course depending on exposure or no exposure to IR

Liutokinmn Fpynu pocnipkeHns / Study groups Fpyna
nr/mn Mporpecis 3axeopioBaHHsi / Disease progression  Pemicisi/cTaGinisawis // Remission/stabilization koxrponio
Cytokines  OnpomiHeHi nauieHTn HeonpomiHeHi nauieHTH OnpomiHeHi naujeHTn HeonpomiHeHi naujeHtn  Control
pg/mi Exposed patients Non-exposed patients Exposed patients Non-exposed patients group
n=10 n=10 n=7 n=13 n=12
IL-6 5,7 +0,52* 6,47 = 0,68* 1,92 £0,34 1,94 + 0,08 2,24+£0,3
TNF-o0 1,24 £ 0,15 1,09 £ 0,12 1,64 £ 0,23 1,54 =0,16 1,45+0,12
IL-10 5,34 = 0,66 52+0,34 2,6 £0,38* 4,48 + 0,66* 8,26 = 1,09

TpUMiTKK. N — KiNbKICTb CNOCTEPEXEHB; * — BIPOTiAHICTb PO36IXHOCTEN MOPIBHSIHO 3 MOKA3HWKaMM KOHTPOMIbHOT rpynu, p < 0,05.

Notes. n — number of observations; * — significance of differences vs. control group, p < 0.05.

Ta6auua 3

KoHueHTpauis IL-6, TNF-o. Ta IL-10 B cupoBarui KpoBi y xBopux Ha MKM III crapii Ha pi3Hux eTanax nepebiry

3axBOPIOBAHHA, 3 ypaxyBaHHAM HasABHOCTi KOHTAKTy 3 IB
Table 3

Serum concentration of IL-6, TNF-c, and IL-10 in the stage III PCM patients at different periods of the disease

course depending on exposure or no exposure to IR

Liutokinn F'pynu pocnipkenHs / Study groups Fpyna
nr/mn Mporpecis 3axeopioBaHs / Disease progression  Pemicis/cTaGinisauis // Remission/stabilization kontponio
Cytokines  OnpomiHeHi nauiecHTn HeonpomiHeHi nauieHTH OnpomineHi nauieHTn HeonpomiHeHi nauienTn  Control
pg/mi Exposed patients Non-exposed patients Exposed patients Non-exposed patients group
n=28 n=10 n=10 n==6 n=12
IL-6, 21,24+ 453* 5,38 £ 0,62 7,54 +£0,76* 2,28 £ 0,51 2,24 +0,3
TNF-o 4,56 + 0,38 2,28 +0,33 4,02 + 1,06* 1,64 0,23 1,45+0,12
IL-10 15,18 £1,23* 4,64 +0,42 7,02 + 0,68 2,75 +0,14* 8,26 + 1,09

MpUMITKK. N — KiNbKICTb CMIOCTEPEXEHb; * — BiPOTAHICTb PO3GIXHOCTEN NOPIBHIHO 3 MOKA3HMKAMU KOHTPONbHOI rpymu, p < 0,05.

Notes. n — number of observations; * — significance of differences vs, control group, p < 0.05.
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neHTpauii IL-6 nopiBHgHO 3 (ha3oro pemicii/cTabiniza-
11ii, OAHAK He csirajia TaKoro 3Ha4YHOTO PiBHS, SIK Ha eTa-
i TIepBUHHOI TIaTHOCTUKM 3aXBOpIOBaHHS (Ta0m. 1, 2).
Ha Binminy Bin 1L-6, piBenb TNF-o, He3amexHO Big
BiIHOLIEHHS MaLiEHTIB A0 padialliiiHOro YNHHUKA, TIPU
BTpaTi peMicii 3ajMIIaBCs 3iCTABHUM 3 TaKUM Y TPyITi
KoHTpomo: (1,24 & 0,15) nr/mn ta (1,09 & 0,12) nr/min
npotu (1,45 = 0,12) nr/mia, BinnosinHo. CTOCOBHO TPO-
THU3anajgbHoro mutokiHy IL-10, maHuii MOKa3HUWK Tpy
noganbiii mporpecii ITKM $K y onmpoMiHeHUX, TaK iy
HEOIPOMiHEHMX MAalLliEHTIB TaKOX MiABUIIYBaBCS Y
MOPiBHSIHHI 3 (ha3010 CTabiILHOIO IMepediry 3axBOpIo-
BaHHSI, OJHAK TPOJOBXYBaB 3aJUILIATUCh HWKYMM 34
ioro piBeHb B KOHTpOJIbHIl rpymi: (5,34 £ 0,66) mir/mi
ta (5,2 * 0,34) nor/mn oporu (8,26 £ 1,09) mr/mu,
BinmosigHo) (Tabi. 2). BusHavyeHi MOKa3HUKHU CBiTJaTh,
0 Tpo3anajbHUil LMUTOKIH IL-6, BiporimHo, Oinbli
CYTTEBO BIUIMBAE HA CTaH MALIiEHTIB IpU BTpaTi peMicii
nopiBHsHO 3 TNF-o i moeaHyeThcs 3, AMOBIpPHO, KOM-
MEeHCATOPHUM, ITiABUIIEHHSIM IPOTU3AMaJIbHOIO IIM-
tokiHy IL-10. Cnin Big3HAYMTH, IO MPU TOAATBIIIN
MNporpecii 3aXBOpIOBaHHS Y ONTPOMiHEHUX MALiEHTIB HE
BU3HAYAJIOCh 3HaUYHOTO TTigBuieHHs [1L-10, Ha BimMmiHy
Biz eTany nepBuHHOI giarHocTuky [TKM.

ITonioHoOro Xapakrepy 3MiHU LIMTOKIHOBOTO OalaHCy
B OOCTEXEHMX Tpymnax CHOCTepiraauch i y XBOpUX Ha
ITIKM 3 III cragiero Ha mojajibLIMX eTarax Iepeodiry
XBOpPOOU, ajie BOHU MaJIu OiIbIl BUPAXKEHUI XapaKTep
(tabm. 3).

Konuentpamisi 1L-6 3a HasgBHOCTI pemicii/cTabi-
Jli3alil 3aXBOPIOBAaHHSI B TPYIli ONMPOMiHEHUX MaLli€H-
TiB OyJ1a cyTrTeBO BULIOIO (p < 0,05), HIXX Y IpyITi KOHT-
pomo (7,54 £ 0,76 ipotu 2,24 £ 0,3), Ha BinMiHy Bin
aHajoriyHol rpynu mnauieHTiB 3 I—II cramismu ITKM
(tabn. 2, 3). INoxmibHi 3MiHM Mamm Micie y ocib, sKi
nocTpaxaaid BHacinok aBapii Ha YAEC, cTtocoBHO
TNF-o— (4,02 £ 1,06) it/ ipot (1,45 + 0,12) rir/mon
y IpyMi KOHTPOJIO, TOMi SIK Y aHAJOTiYHOI I'pyIu XBO-
pux 3 I-II cramisMu maHuii MOKa3HUK BiAIOBigaB
KOHTPOJILHOMY 3HAUE€HHIO. ¥ HEONPOMiHEHUX XBOPUX
koHueHtpatist I1L-6 i TNF-o Bu3Havanach Ha piBHi
KOHTPOJIbHOI Tpynu. PisHOCTIpSIMOBAaHOTO XapakTepy
3MiHM BUSIBJIEHO CTOCOBHO IL-6: momipHe 3HMXEHHS Y
OIPOMiHEHHMX i BiporiiHe — Yy HEONpPOMiHEHMX Ila-
LIIEHTIB.

ITporpecist xBopobu y onpomiHeHux xBopux 3 111 cTa-
niero [TKM cymnpoBomxkyBanack 3Hauymum (p < 0,05)
migBuiieHHIM IL-6, y HeolpoMiHEeHUX 3MiHU OyIu
MeHIll cyTTeBUMU. OnmHaAK y oci0, sKi MOCTpakaanu
BHacainok YopHoOuibcbKoi Katactpodu, i3 III cra-
JIi€I0 3aXBOPIOBAHHS 1Iei TTOKa3HUK OyB y 4 pa3u BU-

concentration compared to the phase of remis-
sion/stabilization, but not reaching such a signifi-
cant level as at the disease diagnosis point (Tables 1, 2).
In contrast to IL-6 the level of TNF-a, regardless of
exposure or no exposure to IR, in case of remission
failure remained comparable to that in the control
group: (1.24 £+ 0.15) pg/ml and (1.09 %+ 0.12) pg/ml
vs. (1.45 £ 0.12) pg/ml, respectively. Regarding the
anti-inflammatory cytokine IL-10, its level during
further progression of PCM in both irradiated and
non-irradiated patients also increased compared
to the phase of stable disease course, but continued
to remain lower vs. its level in the control group:
(5.34 £ 0.66) pg/ml and (5.2 £ 0.34) pg/ml vs.
(8.26 £ 1.09) pg/ml, respectively (Table 2). The
determined values indicate that the pro-inflamma-
tory cytokine IL-6 presumably makes a more signif-
icant effect on the condition of patients in remission
failure compared to TNF-o, being combined with a
probably compensatory increase in the anti-inflam-
matory cytokine IL-10 level. No significant increase
in IL-10 within further disease progression in con-
trast to the stage of primary diagnosis of PCM in
irradiated patients should be noted.

A similar pattern of changes in cytokine balance in
the study groups was also observed in the stage III
PCM patients at the later periods of disease course,
being however of a more pronounced character
(Table 3).

IL-6 concentration under the disease remis-
sion/stabilization in irradiated patients increased
significantly (p < 0.05) compared to the control
group — (7.54 £ 0.76) pg/ml vs. (2.24 £ 0.3) pg/ml,
in contrast to the similar subgroup of stage I-11 PCM
patients (Tables 2, 3). Similar changes occurred with
TNF-o in the ChNPP accident survivors i.e. its level
was (4.02 £+ 1.06) pg/ml vs. (1.45 £+ 0.12) pg/ml in
the control group, while in a similar subgroup of
stage I—1I PCM patients this parameter correspond-
ed to the control values. Concentration of IL-6 and
TNF-o was assayed in non-irradiated patients at the
level of control group. A multidirectional pattern of
changes was found in relation to IL-6 content fea-
turing its moderate decrease in irradiated patients
and significant decrease in non-irradiated subjects.

Disease progression in the irradiated stage I11 PCM
patients was accompanied by a significant (p < 0.05)
increase in IL-6 level, while changes in the non-irra-
diated patients were less pronounced. However, in
the ChNPP accident survivors having got the stage
III disease this indicator was about fourfold higher
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IIMM, HiX Y Malli€eHTiB aHayoriyHoi rpymnu i3 I cTagieto
3axBoproBaHHS: (21,24 *+ 4,53) i (5,7 = 0,52) or/min,
BimmoBimHo (Tabn. 2, 3). TeHmeHuis g0 3pocTaHHS
piBHs1 TNF-o mpu 111 cragii I[TKM nopiBHSIHO 3 KOHT-
pojieM cIocTepiraiach B 000X OOCTeXEeHMX IpyIiax,
OJHAK TMOKAa3HUKU BiAPI3HSIUCH OLIBILIOI Mipolo y
zicraBneHHi 3 Il cragieto 3axBoproBaHHs. [TogidHO O
eTalry pemicii/crabinizanii, Ipyu MporpecyBaHHI XBO-
poou (I1I cranis ITKM) Manu Micue pizHOCTIpsIMOBa-
HOro xapakTepy 3MiHM KoHLeHTpalii IL-10 BigHOCHO
KOHTPOJIIO: MOMipHE 3HMXKEHHSI Y ONpPOMiHEHHUX i
BiporimHe — y HeolpoMiHeHux naiieHTiB. Ciin 3a3Ha-
YUTH, IO Y IPYITi XBOPUX, SIKi 3a3HAIU [ii KOMILJIEKCY
daxropis aBapii Ha HAEC, 3 111 cragiero ITKM piBeHb
IL-10 BiporigHO MepeBUIMYBaB ITOKa3HUK KOHTPOJIb-
HOI I'PYIH, TOMi SIK Y HEOIMPOMiHEHUX OCi0 BiH 3HMXKY-
BaBcs. [1pu 3icTaBieHHi 3MiH JAaHOTO MOKAa3HUKA MPU
nporpecii XBOpodu y OrpOMiHEHUX MALliEHTIB BUSIBJIE-
Ho, 110 B rpymi oci6 3 III cragiero ITKM BiH BaBivi Me-
peBUIIyBaB HOpMaTUBHe 3HaYeHHs, ripu Il cramiero —
OyB HVKYMM 32 MOTO piBEHb Y IPyIi KOHTPOJIIO.
InnuBigyanbHUA aHAMI3 CTaHY HIUTOKiHOBOIO OajlaHCy
IL-6, TNF-o ta 1L-10 y KOXXHOro XBOpOTo B IMHAMILI
JIIKyBaHHS y 3iCTaBJICHHI i3 3araJiIbHOKJIiHIYHUMU KpH-
TepisiMU Tepediry 3aXBOPIOBaHHS MPOBOAWIM B KOH-
TEKCTi pO3yMiHHS BHECKY JaHOI iMyHOJIOTiYHOI KOMIIO-
HEHTH K (paKkTopa OLIHKH i ITPOTHO3Y Tepediry 3axBo-
proBaHHs. OTprMaHi AaHi cBig4yaTh MPO TiICHUI B3ae-
MO3B’SI30K MiX PETYJII0BaHHSIM IIUTOKIHOBOTO OamaHCy
i KJTIHIYHMM CTaHOM TMalieHTa (HasBHICTb peMmicii/cTa-
Oimizariii adbo mporpecii 3axBoproBaHHs). Hikue HaBo-
JUMO KJTiHiuHi BUraaku ABox naiieHTiB 3 [TKM (Ne 1 —
HeomnpoMiHeHmiT; No 2 — oIpoMiHEHUIT XBOpHIA) 3 ypa-
XYBaHHSIM JMHAMiKH iXHbOTO LIMTOKIHOBOTO MPOQiio.

Mpuknapg, 1

Xsopuit b., 59 pokiB, ONPOMIHEHNIA B MeXax NPUPOAHOrO pafjaLiiiHoro
¢oHy, icTopia xopoon NeNe 584, 1047, 3067. [iarHo3: MKM, Tun G/kan-
na, cT. Il A 3 ypaxeHHsM KIiCTOK Yepena, rpyaHuHH, Tin xpebuis, KiCTok
Ta3y. KinbkicTb n1a3MaTnyHnX KNiTuH y KictkosoMy mMo3ky — 20 %, piBeHb
3aranbHoro 6inka — 155 r/n, natonoriynuin npoteiH (Ig G/kanna) ctaHo-
BuB 42,86 r/n B kpoBi, B cedi — 0,012 r/n. Y xBoporo Mana MicLe aHemis
Il ct. (remornoGiH 90 r/n), nokasHuku kpeatuHiHy (80 mMkMonb/n) Ta
kanbLito (1,99 mmonb/n) Bynm B Mexax HopMu. Yepes 3 Mic. NikyBaHHS
(npoBeneHo 6 kypcis MXT 3a cxemoto VRD i3 BKOYEHHIM 6opTe30Miby,
NieHanigoMigy Ta [eKCameTasoHy), OTPMMaHO PEMICII0 3aXBOPIOBAHHSI,
sika 30epiranachb Npum CrocTepPEXeHHi Yepes 6 Mic.

Y AvHamiLi CnocTepexeHHst (noyaTok fikysaHHs, 3 Ta 6 mic. Tepanii),
TNF-c, cTaHoswB, BignosigHo 3,36; 1,199 T1a 0,822 nr/mn (puc. 1).
Bwicrt IL-6 popiBHtoBaB 5,77; 5,12 1a 1,52 nr/mn; IL-10 — 9,56; 7,12 Ta
3,97 nr/mn. BCTaHOBNEHA 3aNIEXHICTb 3HUKEHHS PIBHS LMTOKIHIB (IL-6,

than in a similar subgroup with the stage Il disease
(21.24 + 4.53 pg/ml and 5.7 = 0.52 pg/ml, respec-
tively) (Tables 2, 3). There was a trend to increase
the TNF-o level in stage III PCM cases compared
to control in both study groups, with a greater differ-
ence however vs. grade II disease. Similarly to the
phase of remission/stabilization there were multidi-
rectional changes in concentration of 1L-10 during
the disease progression (stage I1II PCM) relative to
the control, namely a moderate decrease in irradiat-
ed patients and a significant decrease in non-irradi-
ated ones. Noteworthy that the 1L-10 level was sig-
nificantly higher in patients exposed to a complex of
factors of the ChNPP accident and having got the
stage 111 PCM compared to the control group, while
it was decreased in non-irradiated individuals. When
comparing the changes of this parameter within dis-
ease progression in irradiated patients, a twofold
excess was found in the stage III PCM patients vs.
the control group value, while in stage I cases it was
lower than in the control group.

Individual analysis of the cytokine balance of IL-
6, TNF-o and IL-10 in each patient within course of
treatment in a linkage with general clinical criteria of
the disease course was carried out in the context of
understanding a contribution of this immunological
component as a factor in the assessment and prog-
nosis of the disease course. The obtained data indi-
cate a close relationship between the regulation of
cytokine balance and clinical status of the patient
(disease remission/stabilization or progression). Two
clinical cases of PCM (#1 — non-irradiated person,
and #2 — irradiated patient) are described below fea-
turing the evolution of their cytokine profile.

Case #1
Patient B., 59 years old, exposed to the natural radiation background.
Case histories ## 584, 1047, 3067. Diagnosis: PCM, type G/kappa,
stage 1A with no involvement of skull, sternum, vertebral bodies, or
pelvic bones. Plasma cell count in bone marrow (BM) was 20 %, level
of total protein — 155 g/l, paraprotein Ig G kappa content in blood
was 42.86 g/l and 0.012 g/l in urine. The patient had got grade Il ane-
mia (Hb level 90 g/1). Serum contents of creatinine (80 wmol/1) and Ca
(1.99 mmol/l) were within normal limits. After 3 months of treatment
(6 courses of polychemotherapy according to the VRD scheme with
bortezomib, lenalidomide, and dexamethasone) the disease remission
was achieved, being maintained during the survey upon 6 months.
Along the survey i.e. at the beginning, at 3 and 6™ months of ther-
apy TNF-o level was 3.36 pg/ml, 1.199 pg/ml, and 0.822 pg/ml,
respectively (Fig. 1). IL-6 content was 5.77 pg/ml, 5.12 pg/ml and 1.52
pg/ml respectively, and content of IL-10 was 9.56 pg/ml, 7.12 pg/ml,
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TNF-or, IL-10) B amHamilj CnocTepexeHHs, sika Kopenioana 3 Hop-
Mani3aLliet0 3aranbHOKIHIYHMX NOKA3HMKIB.

and 3.97 pg/ml respectively. Dependence of the decrease in cytokine
level (IL-6, TNF-cr, IL-10) within survey was established, which corre-
lated with normalization of the general clinical parameters.
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PucyHoK 1. iuHamika nokasHuKiB KniHiko-nabopaTtopHoro o6cTexxeHHA Ta uuTokiHoBoro npodiinio (IL-6,
TNF-o, IL-10) nauieHTa b., 59 pokiB, icT. xBopo6u NeNe 584, 1047, 3067

Figure 1. Time patterns of clinical laboratory data and cytokine profile (IL-6, TNF-o, IL-10) of the patient B.,

59 years old, (case histories ## 584, 1047, and 3067)

Mpuknag 2

Xsopa I'., 47 pokis, kagpoBuit npaujsHuk YAEC, icTopii xsopobu
No 1650; Ne 2553; Ne 3222. [iarxo3: KM, kanna tuny, ctagjs Il A,
ndy3HO-BOrHMILEBa GopMa 3 MHOXWUHHUM YPAXEHHSIM KICTOK Yepe-
na, xpedTa, rpyAHMHM, KICTOK Tady, CTErHOBMX KICTOK.

MopdonoriyHa KapTuHa KiCTKOBOro MO3KY BifrnoBifasa TUMoBii Kap-
TuHi MKM, KinbKiCTb nnasmartuiHux KnituH ctaHosuna 68 %, piBeHb 3a-
ranbHoro Ginka cknanae 69 r/n, matonoriyHWiA NPOTEiH BUSIBNEHO He
oyno («He cekpetytoya» MKM). Y xBopoi Mana micue aHemis | cT. (re-
morno6it 105 r/n), nokasHWUKM KpeaTuHiHy (65 MKMONb/N) Ta KanbLito
(2,41 mmonb/n) Bynn B Mexax Hopmu. Yepes 3 Mic. nikyBaHHs (npo-
BenieHo 5 kypeis MXT 3a cxemoto VRD 3 BknioueHHsM 6opTesomity, ne-
Hanigomify Ta iekcameTasoHy) oTpMMaHo cTabinisauiio 3axBopioBaH-
Hs1. Yepes 5 micsLiB Tepanii BUsiBNeHa Hopmaniaalysi piBHsi remorobi-
Hy (124 r/n), NoKa3HWKW KpeaTuHiHy (68 MkMonb/n) i kanbLiio (2,29 )
Takox 36epiranucb B Mexax Hopmu (puc. 2.2). MauieHTui Byno npo-
J0BXeHe nikyBaHHs — 6-ii kypc MTX (VRD) 3 nnaHyBaHHIM B MOAasb-
LIOMY @yTONOMiYHOI TpaHCNAaHTaLil CTOBOYPOBUX reMOMOETUYHUX
KNITUH nepudepryHoi KpoBi.

B AvHaMiLli CMOCTEPEXEHHSI BCTAHOBNIEHA 3ANIEXHICTb 3HWXEHHS
piBHs umtokiHiB (TNF-o, IL-6, IL-10), ska kopenioBana 3 HOp-
Manisauielo 3aranbHOKNIHIYHKUX | yepe3 5 Mic. — GioxiMiyHWX nokas-

Case #2

Patient G., 47 years old, the ChNPP staff worker. Case histories ## 1650,
2553, 3222. Diagnosis: PCM, kappa type, stage IIA, diffuse-focal form with
multiple involvement of the skull, spine, sternum, pelvic bones, and femurs.

Morphological picture of the bone marrow was typical for PCM with
68 % of plasma cells, 69 g/l level of total protein, and no paraprotein
detected (the «non-secreting» PCM type). The patient had got grade |
anemia (hemoglobin 105 g/1). Serum contents of creatinine (65 mol/)
and calcium (2.41 mmol/1) were within normal limits. Upon 3 months of
treatment (5 courses of polychemotherapy according to the VRD sche-
me with bortezomib, lenalidomide and dexamethasone) the disease sta-
bilization was achieved. Upon 5 months of therapy the normalization of
hemoglobin level (124 g/1) was reached, with creatinine (68 mmol/1) and
calcium (2.29 mmol/l) concentrations remaining within normal limits
(Fig. 2). Treatment was continued through administration of the 6"
course of polychemotherapy (VRD scheme) with subsequent planning of
autologous peripheral hematopoietic stem cell transplantation.

Along the survey a dependence of the decrease in cytokine level was
established, which correlated with normalization of the general clinical
signs, and upon 5 months with normalization of biochemical values.
During the observation period (beginning of treatment, 3 and 6"
months of therapy) the TNF-o. level was 0.82 pg/ml, 0.753 pg/ml, and
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HukiB. MpoTarom nepioay Harnsay (novaTok NikyBaHHs, 3 Ta 6 Mic. Tepanii),
TNF-o., ctaHosms, BignosigHo 0,82; 0,753 Ta 0,479 nr/mn, IL-6 — 3,44;

0,64 1a 0,24 nr/mn.; IL-10 — 5,32; 2,07 1a 1,21 nr/mn (puc. 2).

0.479 pg/ml respectively, the IL-6 content was 3.44 pg/ml, 0.64
pg/ml, and 0.24 pg/ml respectively, and the IL-10 level was 5.32
pg/ml, 2.07 pg/ml, and 1.21 pg/ml respectively (Fig. 2).
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TNF-c, IL-10) nauienta b., 59 pokis, icT. xBopo6u NeNe 584, 1047, 3067

Figure 2. Time patterns of clinical laboratory data and cytokine profile (IL-6, TNF-c, IL-10) of the patient B.,

59 years old, (case histories ## 584, 1047, and 3067)

OBI'OBOPEHHSA

HageneHi pe3yiabraTtyd aHajidy IMHAMiKU BMICTy IIPO-
3arajbHUX i IPOTHU3aNaJlbHUX IUTOKIHIB CBiTYaTh IIPO
TEBHi 0COOJMBOCTI MPOILIECiB [IUTOKIHOBOI PETYJISLIl ¥
oci6 3 ITKM, gki 3anexaTb BiJ e(DeKTUBHOCTI JIiKyBaH-
HS B 000X Tpyrax o0cTexXeHuX (OIpoMiHeHi, HeOoI-
pomiHeHi mauieHTn). Ha erami miarHoctuku ITKM y
OMPOMiHEHUX OCi0 MaJo MicClle OTHOCIPSIMOBaHE
migBuieHHsT piBHsA Tpo3anmanbHux (IL-6, TNF-o) i
npotusananbHoro (IL-10) muToxiHiB, TOmi IK y HEOM-
POMiHEHUX XBOPUX BU3HAYaJOCh JIMILE MiABUILEHHS
koHueHtpaiii 1L-6 Ta TNF-o npu 3amxkenHi 1L-10
MOPiBHSIHO 3 KOHTPOJIEM.

OTtpumaHHS pewmicii/cTabinizalii 3aXBOpPIOBaHHS Yy
nauieHTiB 3 I-II cragiamu ITKM cyrnpoBomKyBaioch
3HIDKEHHSIM KOHIIEHTpallii Mpo3anaJbHOTO LIUTOKIHY
IL-6, He3anexHO Bin BimHOLIeHHS xBopux no IB, mo-
ka3Huk TNF-o 3anuinaBcst Ha piBHI IPyIM KOHTPOJIIO.
[Tpu po3BUTKY peLIMIUBY XBOPOOU MaJIO MiClle CYTTEBE
3pocTaHHsI KoHIeHTpallii IL-6 B 000X 00CTeXXeHUX Ipy-
nax xBopux, piBeHb TNF-o He 3MiHI0OBaBCSl MOPiBHSIHO
3 (paszoro cradimizallii 3aXBOpIOBaHHS. Y OIPOMiHEHUX

DISCUSSION

Data presented on the time patterns of pro-inflam-
matory and anti-inflammatory cytokine content
indicate certain features of cytokine regulation in
PCM patients, which depend on the effectiveness of
treatment in both groups of study subjects i.e. irradi-
ated and non-irradiated ones. At the time of PCM
diagnosis there was a unidirectional increase in the
level of pro-inflammatory (IL-6, TNF-a) and anti-
inflammatory (IL-10) cytokines in irradiated indi-
viduals, while in non-irradiated patients only
increase in the IL-6 and TNF-o concentration was
determined along with decrease in IL-10 compared
to the control values.

Obtaining the disease remission/stabilization in
stage I-II PCM patients was accompanied by a
decrease in IL-6 level, regardless of exposure or non-
exposure of the patients to IR, while TNF-o. content
remained at the level in the control group. There was
a significant increase in concentration of IL-6 in both
groups of patients during the disease relapse, while
level of TNF-o did not change compared to stabiliza-
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nauieHTiB 3 I11 cragieto [TIKM, HaBiTh 32 YMOB HassBHOCTi
cTabinizauii mpolecy, piBeHb I1L-6 B 3,4 pa3a nepeBHILy-
BaB KOHTPOJIbHE 3HAYEHHSI, a IPU IIporpecii XBopoodu BiH
3pOCTaB y 000X TpyIax 00CTeXKeHUX, OMHAK Y OIPOMiHe-
HUX TALIIEHTIB CYTTEBO OYB BUIIMM 3a MOKA3HUK I'PYIU
KoHTpoJto (B 9,5 paza). ITpu III cranii [IKM, Ha BiaMiHy
Big Il crapii, y ompoMiHeHUX OCi0 Majio MicLie MiABUILEH-
Ha TNF-o y 3icTaBieHHi 3 KOHTpoJieM. 3pocTaHHST KOH-
nentpauii IL-10 y onmpoMiHEHMX XBOPUX BU3HAYaJIOCh
TpU NOJATBIIOMY TTPOTPECYBAHHI 3aXBOPIOBAHHS.

Takum yrHOM, HaAOIABILI 3HAYYILI 3MiHU OYJIO BUSIB-
JleHo crocoBHO IL-6 ta IL-10 Ha eramax mepBMHHOIL
niarHoctuku ITKM Ta y pasi mporpecyBaHHS i pO3BUTKY
III cranii 3axBoproBaHHS, IIPU LIbOMY KOHILIEHTpALLisl BU-
1e3a3HauyeHUX LIMTOKIHIB Y ONPOMiHEHUX XBOpUX Oyia
3HAYHO BUIIIOIO 32 MOKA3HUKU HEOIIPOMiHEHMX Malli€H-
TiB. OTpUMaHi HaMU pe3yJIbTaTU KOPEII0Th 3 JaHUMU
Jiteparypu. IIpoBeaeHi ekcnepuMeHTaIbHI TOCITiIKEH-
H4 [9] minTBepauau, o 1L-6 i IL-10 € kimrogoBUMU 11~
TOKiHaAMM, 1110 PETYJIOIOTh PiCT/BUXKMBAHHS Mi€JIOMHUX
kiitiuH. Kpim Toro, iHmmmu aBropamu [10] mokaszaHo,
IO iCHYE nOeKiJibka MeXaHi3MmiB IL-6-iHmykoBaHOI
npoJjidepallii MIa3sMaTUYHUX KIIITUH, SKi 3HAYHOIO
Mipolo 3ajexaThb Bil CyOmnmomymsLiiiHOro CKJIamy 3710-
SIKICHO TpaHC(OPMOBaHUX IJIa3MOLIMTIB. MOXIINBO, ca-
M€ TeTepOreHHICTh IMOMYJSILii CyOCTpaTHUX KIITUH Yy
MAIEHTIB 00CTEKEHMX T'PYII, 110 MMOBiIpHO TTOB’sI3aHa 3
OTpUMaHMMU JOJATKOBMMMU J03aMM OIIPOMIHEHHS, 3Y-
MOBUJIA CYTTEBI BIIMiHHOCTI Y HMX IIIOAO PiBHIiB BUILIE-
3a3HAYEHMX LUTOKiHIB MOPiBHSIHO 3 HEONPOMiHEHUMU
nauieHTamu. B excriepumenTi [11] Oyjio mokazaHo, 1110
MPOAYKLisg BUCOKMX piBHIB IL-6 Kopemoe 3i cTiliKicTio
KJIITUH Mi€JOMM 10 Ail UMTOTOKCUYHUX PEYOBUH, 30K-
peMa aHTpaluKJIiHy (IOKCOpYyOilUMH), SIKUI 3aCTOCO-
ByeThesl npu JikyBaHHiI ITKM. Lle BinnoBigae orpuma-
HUMM HaMM JaHMM CTOCOBHO 3HAYHOIO ITiABUILIEHHS
koHueHTpaii IL-6 nmpu nporpecyBanHi i po3Butky 111
CcTajii 3aXBOPIOBAHHS, SIKE XapaKTepU3yBaJlOCh PE3UC-
TEHTHICTIO IO Teparlii.

PiBenr TNF-o B 00cTekeHUX HAaMU Tpyrnax MEHIIOI0
MipOI0 KOpeJtoBaB 3 IMHAMiKOIO Tepediry xBopoou, io-
ro MiABUILEHHS BCTAHOBJIEHO Ha eTarli MepBUHHOI Aiar-
Hoctuku Ta 'y xBopux 3 III cragiero [IKM, Takox 3 me-
PEBUILEHHSIM IMOKa3HUKA Y OIIPOMIHEHMX MOPiBHSIHO 3
HEONMpOMiHEHMMU TalieHTamu. OTpuMaHi pe3yabTaTu
BiAMOBiAAIOTh JAHUM AOCHIAHMKIB [12], SIKi BUCTOBWIN
MPUITYIIIEHHS, 110 CaMe ITiIBUILEHE BUBLILHEHHS TBOX
uuTokKiHiB — IL-10 Ta TNF-o iHayKy€e pe3aucTeHTHICTh
cyOCTpaTHUX KJITHUH A0 MAii UMTOTOKCUYHUX areHTiB
(xiMioTepaleBTUUHMX MpenapaTiB) i 3HUXKYE edeK-
TUBHICTb JIIKyBaHHSI.

tion phase of the disease. In the irradiated stage I11
PCM patients even under the stabilization of
process, level of 1L-6 exceeded the control value by
3.4 times, and during the disease progression it had
increased in both groups of subjects, however being
significantly higher in irradiated patients than in the
control group (by 9.5 times). There was an increase
in TNF-a level in comparison with control in the
irradiated grade II1 PCM individuals in contrast to
grade II PCM cases exposed to IR. During further
progression of the disease an increase in 1L-10 con-
centration was determined in irradiated patients.

Thus, the most significant changes in I1L-6 and
IL-10 contents were revealed at the primary diag-
nosis of PCM and under the disease progression to
the stage III. Moreover, concentration of the
above-mentioned cytokines in irradiated patients
was significantly higher than in non-irradiated
ones. Obtained results correlate with the literature
data. Experimental studies [9] confirmed that IL-6
and IL-10 are the key cytokines regulating growth
and survival of myeloma cells. Also, other authors
[10] showed that there are several mechanisms of
the IL-6-induced proliferation of plasma cells,
which largely depend on subpopulation composi-
tion of the malignantly transformed plasma cells.
Assumably just the heterogeneity of substrate cell
populations in the patients of study groups, which
is probably related to the received additional doses
of radiation, caused significant differences in the
levels of above-mentioned cytokines compared to
non-irradiated patients. It was shown in an experi-
ment [11] that the production of high levels of IL-6
correlates with resistance of myeloma cells to cyto-
toxic substances, in particular to anthracycline
(doxorubicin), which is used in the treatment of
PCM. This corresponds to the data received now
regarding a significant increase of 1L-6 level during
the progression and development of grade III dis-
ease being resistant to the therapy.

Level of TNF-o in the study groups correlated to
a lesser extent with the pattern of disease course,
with its increase found at primary diagnosis and in
grade III PCM patients, and also with its excess in
irradiated patients compared to non-irradiated
ones. Obtained results correspond to the data of
authors [12] who suggested the increased release of
just two cytokines IL-10 and TNF-o that induce
resistance of substrate cells to cytotoxic agents
(chemotherapeutic drugs) reducing the effective-
ness of treatment.
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binpin BupaXxeHi mopyIiieHHsI HUTOKiHOBOTO OaaHCy
y 0ci0, sIKi mocTpakaanu BHacainok asapii Ha YAEC,
CBigYaTh MPO «3alliKaBJIEHICTb» i€l JaHKU IMyHITETY Y
BiIMOBiAb Ha Mil0 MOTYKHOTO HETaTMBHOIO €HIOTeH-
Horo ynHHuKa — IB. ¥ onpomMiHeHUX XBOPUX BCTAHOB-
JIEHO BiporinHo miaBuineHuit piseHb I1L-10, Ha BinMiHy
Bif rpynyd HEONPOMiHEHUX XBOPHUX, € KOHLEHTpaLlisl
JIAaHOTO IHTEepJIeKiHY MTPOTU3aNaJlbHOIO COPSIMYBaHHS
HaOJIMKajlach 10 KOHTPOJBHUX 3Ha4YeHb. Bimomo, 1110
IL-10 BUKOHY€E MPOBiAHY POJIb Y PeTyJsiil 3armaJlbHUX
Ta iIMyHHMX TIPOIIECiB SIK MpoayKT Th2 KITiThH, OCKiTb-
KM BiH iHTiOy€e CMHTE3 1IiJIOro psiAy Mpo3anajibHUX LIM-
TOKIiHiB, Ki MpoaykytoThcs Thl KimiTHHAMM, 30KpeMa
IL-6, TNF-o, 11ie BrinBae Ha (popMyBaHHS 3araJbHUX
npoiuieciB. Tomy BiporimHe migBuineHHs piBHg IL-10y
OIPOMiIHEHMX XBOPUX Ha CTafii porpecii 3aXxBoproBaH-
HS MOXHa PO3LiHIOBATU SIK (haKT KOMIIEHCATOPHOTO
pearyBaHHs LIMTOKiHOBOI JJaHKW. BpaxoBytouu npuity-
meHHs, mo 1JI-10, 3a ymMoB i10ro HaaMipHOI KOHIIEHT-
pallii, Ma€ BIUIMBaTU Ha MPOLIECU YTBOPEHHSI aHTUTLI
B-nimdoruramu 1K, HagMmipHuii piBeHb MPOMYKILil
IJI-10 obymoBaI0€, OUIBIIO MipOl0, MOPYILIEHHS
¢ynkuiit Thl-nipomyieHTIB iHTepIeiKiHIB, 3 epeBa-
KaHHAM GyHKLiH Th2-KmiTuH.

IIpencrasieHi faHi MiATBEPIXKYIOTh, 110 Y XBOPUX Ha
ITKM B cucteMi LMTOKIHOBOI peryJslii crocrepira-
€Tbesl aucbananc npo3anaibiux I1L-6, TNF-o i mpo-
TH3amnaiabHoro uuTokiny — IL-10, 3 mepeBaxkaHHIM
nposzananbHux. Lle cBigUUTh Mpo IXHIO MEeBHY MaTore-
HETUYHY POJIb Y CTUMYJISILII ITyXJIMHHOIO IIPOIIECY,
NiIBUIIEHHI aKTUBHOCTI 3alajJibHUX peakxliil, 110
CIIpUsiE BUHUKHEHHIO YCKJIaJIHEHb Ha yCiX eTarax Ie-
pebiry 3axBoproBaHHs [13].

BUCHOBKU

Busasnena 3anexHicTh MiXK 3MiHAMM MPOAYKIIil 10-
CJIIKYBaTbHUX LUTOKIHIB i XapaKTepoM KJiHiYHOTO
nepebiry IIa3MOKJIITUHHOI Mi€JIOMM CBiIUYMTH PO
CYTTEBE 3aly4YeHHSI MepexXi LIUTOKIHIB A0 MaToreHe3y
ITKM ¢gK OHKOremMaToJOTiuHOTO 3aXBOPIOBAaHHS i
MOXKJIMBICTh BUKOPUCTAHHSI CUPOBATKOBOTO PiBHS LIM-
TOKIiHIiB IpO- Ta IPOTU3ANaJIbHOTO CIIPSIMYBaHHS B
SIKOCTi KPUTEPiiB OLIIHKM TIepediry xBopoon Ta edek-
TUBHOCTI POBEIECHHS Teparii.

OTpuMaHi pe3yabTaTu MiATBEPIKYIOTh 3aJ€KHICTh
BUPAXEHOCTi 3MiH LIUTOKIHOBOIO OajlaHCy Bid HasiB-
HOCTi B aHaMHe3i KoHTakTy 3 IB. B mimomy, MoxHa
MPUITYCTUTH, IO TaKUi XapakTep 3MiH LIUTOKiHOBOI
peryJsiiii y onpoMiHeHUX MalLi€eHTIB MOXKe OyTU OJHi-
€10 3 MOXJIMBUX MPUYUH OUJIbII OOTSIZKEHOTO Tepebiry
3aXBOPIOBaHHSI.

More pronounced disorders of cytokine balance in
the ChNPP accident survivors testify to the involve-
ment of this immunity branch in response to IR as a
strong unfavorable factor. A significantly increased
level of IL-10 was found in the irradiated patients in
contrast to the non-irradiated ones, in whom the
concentration of this anti-inflammatory interleukin
approached the control values. Taking into account
that IL-10 plays a leading role in regulation of
inflammatory and immune processes as a product of
Th2 cells, since it inhibits the synthesis of a number
of pro-inflammatory cytokines produced by Thl
cells, in particular of 1L-6 and TNF-q, this affects
the inflammatory processes. Therefore, a significant
increase in IL-10 level in irradiated patients at the
phase of disease progression can be considered as a
fact of compensatory cytokine response. Taking into
account the assumption that IL-10 under its exces-
sive concentration is to affect the processes of anti-
body production by the PB B-lymphocytes, the
excessive level of this cytokine production causes, to
a greater extent, a dysfunction of Thl-producers of
interleukins with predominance of the Th2-cell
function.

Presented data confirm the imbalance of pro-
inflammatory IL-6, TNF-o and anti-inflammatory
cytokine IL-10 in the system of cytokine regulation,
with a predominance of pro-inflammatory ones in
PCM patients. This indicates a certain pathogenetic
role of these cytokines in stimulation of tumor
process and increasing intensity of inflammatory
reactions, which contributes to the emergence of
complications at all stages of the disease course [13].

CONCLUSION

Revealed dependence between changes in produc-
tion of studied cytokines and nature of clinical
course of PCM indicates a significant involvement
of cytokine network in pathogenesis of PCM as a
blood cancer and possibility of using the serum level
of pro- and anti-inflammatory cytokines as criteria
for evaluating the disease course and effectiveness of
therapy.

Obtained results confirm the dependence of sever-
ity of changes in cytokine balance on contact with
IR in the history. In general, it can be assumed that
this type of changes in cytokine regulation in irradi-
ated patients may be one of possible reasons for a
more severe course of the disease.
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