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IOHI3YIOYE BUITPOMIHIOBAHHA I IUTOKIHNA:
POJIb B IIATOTEHE3I INTASMOKJIITUHHOI MIEJIOMHU
(OIA 4 JIITEPATYPN)

B ornspai npepcTaBneHi gaHi nitepatypu CTOCOBHO POJii i0Hi3yl04Oro BUNPOMiHIOBAHHSA K HEFAaTUBHOMO YMHHWKA HaB-
KONMLWHbOTO CEPeAoBULLA Y BUHUKHEHHT nna3mokniTuHHOT mienomm (MKM). HaBepeHi aaHi focnifeHb pi3HMX Kate-
ropiit ONpoMiHeHUX CTOCOBHO 3axBoptoBaHoCTi Ha KM, 30kpema npauiBHWKiB NiANPUEMCTB AAepHOT rany3i Ta noct-
paxpanux BHacnifok aBapii Ha YopHobunbcbkiii AEC. MpoaHanizoBaHo BNAKB LUTOKIHIB (IHTepneiikiHy-6 Ta iHTep-
nemkiny-10) wopo cy6cTpatHux knituH NMKM, y ToMy yncni 3a ymoB KOMOGIHOBAHOT Aii i0Hi3yl04Oro BUNPOMiHIOBAHHS i
LUTOCTAaTUYHUX areHTiB in vitro.
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IONIZING RADIATION AND CYTOKINES: THE ROLE
IN THE PATHOGENESIS OF PLASMA CELL MYELOMA
(LITERATURE REVIEW)

The review presents literature data on the role of ionizing radiation as a negative environmental factor in the occur-
rence of plasma cell myeloma (PCM). The data of studies of various categories of irradiated persons regarding the
incidence of PCM, in particular employees of nuclear enterprises and victims of the accident at the Chornobyl
Nuclear Power Plant accident, are given. The effect of cytokines (interleukin-6 and interleukin-10) on PCM substrate
cells was analyzed, including under conditions of combined action of IR and cytostatic agents in vitro.
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pOTSATOM OCTaHHIX JAECSATWIITh y OUIBIIOCTI KpaiH

CBiTYy i B YKpaiHi, 30KpemMa, Ma€ Miclie 3pOCTaHHS
3aXBOPIOBAHOCTI HA OHKOTeMaTOJIOriYHi XBOpOOU, Y TO-
My YHMCIi — Ha Ta3MoKIiTUHHY Mienomy (ITKM). 3a
naHumu KaHiep-peectpy YKkpainu [1], 3aXBoproBaHiCTh
Ha IIKM y 2019 p. anag XiHOK BM3Hauyajach Ha piBHi
2,6 : 100 000 HaceneHHs, mist 4ojtoBikis — 2,7 : 100 000
HacejieHHs. CTaHAapTU30BaHUI MOKa3HUK 3aXBOPIOBa-
HOCTI U YKpaiHu 3 ypaxyBaHHSIM CTaTi CTaHOBUB 2,3 i
2,9, ToAi SIK Y CBITi BiH BU3HAYaBCs, BiANOBIAHO, HA PiBHi
1,411,8.

IIna3moxkiTMHHA Miejsoma (BiAMOBIZHO IO KJacHu-
dikanii BOO3 (2016 p.), B monepenHix kiacudikarisx —
MHOXXMHHAa Mi€JoMa, Mi€JIoMHa XBOpo0Oa) — 116 MOHOKJIO-
HaJbHe JiMdorpoJtidepaTUBHE 3aXBOPIOBAHHS, CyOCTpa-
TOM $IKOi € ruta3MaTuuHi Kinituau [2]. ITIKM cTaHOBUTB
6u3bKo 15 % ycix OHKOreMaToJIOTiYHMX 3aXBOPIOBAHb.
XBOpilOTh MepeBaXkHO 0coOM crapiii 3a 65 PokiB, ajie
iHOAi 1 ocobu O6ib MoJiogoro Biky. [ITKM uacTiiie 3y-
CTpivyaeThes y 4osoBikiB [1, 3]. BBaxkaroThb, 1110 YMCIEHHI
HeraTUBHI YMHHUKW HaBKOJUIIHBOTO CEpeJOBUIIA,
BKJIIOYAIOUHM i0Hi3ytoue BunpomiHioBaHH: (IB), 30i1b1ry-
1oTb pu3uk [TKM. Hacnigku onpoMiHeHHS SIK YMHHUKA
iHAYKIi 3aXBOPIOBAaHHS BUBYAJIMCH CEpell Pi3HUX KaTe-
ropii ompoMiHeHUX, BKJIIOYalOYM TOCTpaxKaaJux Bif
aTOMHOro 0oMOapayBaHHS, MpaliBHUKIB SIIEpHOI Tany3i
Ta MaL€HTIB, SIKi OTPUMYBAJIN ONPOMiHEHHS B MEAUYHUX
mingx [4—7]. 3aragom, gokasu WX AOCTIIKEHb II0I0
poii IB y BunukHeHHi I[TKM Oynu HeogHO3HAYHUMU.

CyTTeBUI iHTEpEC CTAaHOBUTD NOCTIIKEHHS [3], B IKO-
MY OpOaHali30BaHO BILJIMB 30BHILLIHBOIO i BHYTPIiLLIHbO-
TO ONPOMIHEHHS SIK YUHHMKA BUHUKHEHHSI Mi€JIOMU B
koropti HallioHasibHOTO peecTpy pafiallifHUX TpalliB-
HuKiB Benukoi bputanii (The National Registry for Ra-
diation Workers, NRRW). Jlo NRRW, anazni3 sskoro 1po-
BelIeHO BTpeTe, Oysio BKIoueHo 172 452 ocobu, 3 SIKMX
90 % Oy 4oI0BiKaMHu, 1O CKJIAJIO 3arajoM 5,25 MITH JTio-
JIMHO-POKIB CITOCTepeskeHHsT mpoTsaroMm 19552011 pp.,
3 gomatkoBuMM 10 poKamMu MOJAIBIIOIO CIIOCTEPEKEH-
Hs1. Beporo Oyso 3apeectpoBaHo 279 BUNAIKIB Mi€eaoMuU
(ICD-9: 203,0, 203,2—203,9) 3 ypaxyBaHHsIM 10-piuHO-
ro Jar-Tepiony i Juie y ocié JosnoBiuoi ctaTi. 45 % Bu-
MMaJKiB 3aXBOPIOBAHHS Oy/IM BUSABJEHi 3a octaHHi 10 po-
KiB crioctepexxeHHs1, 74 % ocid 6ynu crapiirmu 3a 60 po-
KiB. CepeHs KyMyJIITUBHA 1032 B LIJTOMY CTAaHOBUWJIA TSI
4yo10BiKiB 27,0 M3B i 3HaUHO BiIpi3HsIACd MiX IrpynaMu
npodeciitHo mpaioounx (B Mexax Bim 10 go 100 M3B).
BinblIicTh MpaniBHUKIB 3a3HaIM BIUIMBY BiTHOCHO HU3b-
KMX 103 OMPOMiHEHHSI; 0JIM3bKO JBOX TPETUH — MaJjiv 10-
3u MeHIe 10 M3B, a 6 % — no3u nmonan 100 M3B, Biamo-
BigHO [8, 9].

In recent decades, in most countries of the world
and in Ukraine, in particular, there has been an
increase in the incidence of hematological onco-
logical diseases, including plasma cell myeloma
(PCM). According to the data of the Cancery
Register of Ukraine [1], the incidence of PCM in
2019 for women was determined at the level of
2.6 : 100,000, for men 2.7 : 100,000. The standard-
ized incidence rate for Ukraine, taking into account
gender, was 2.3 and 2.9, while in the world it was
determined, respectively, at the level of 1.4 and 1.8.

Plasma cell myeloma (according to WHO classifi-
cation (2016), in previous classifications — multiple
myeloma, myeloma disease) is a monoclonal lym-
phoproliferative disease, the substrate of which is
plasma cells [2]. PCM accounts for about 15 % of
all oncohematological diseases. Patients are mostly
older than 65 years old, but sometimes younger
people are also affected, PCM is more common in
men [1, 3]. Numerous negative environmental fac-
tors, including ionizing radiation (IR), are believed
to increase the risk of PCM. The effects of radiation
as a factor in the induction of disease have been
studied among various categories of irradiated per-
sons, including victims of atomic bombing, workers
in the nuclear industry, and patients who received
radiation for medical purposes [4—7]. Overall, the
evidence from these studies regarding the role of IR
in the development of PCM was mixed.

Research [3] is of significant interest, which
analyzed the influence of external and internal
radiation as a factor in the occurrence of myelo-
ma in the cohort of The National Registry for
Radiation Workers of Great Britain . The NRRW,
analyzed for the third time, included 172,452
individuals, 90 % of whom were men, for a total
of 5.25 million person-years of follow-up be-
tween 1955 and 2011, with an additional 10 years
of follow-up. A total of 279 cases of myeloma
were registered (ICD-9:203.0, 203.2—203.9) tak-
ing into account a 10-year lag period and only in
men. 45 % of cases of the disease were detected
during the last 10 years of observation, 74 % of per-
sons were older than 60 years. The average cumu-
lative dose as a whole for men was 27.0 mSv and
differed significantly between groups of profes-
sional workers (in the range from 10 to 100 mSv).
Most workers were exposed to relatively low doses;
about two-thirds had doses of less than 10 mSy,
and 6 % had doses of more than 100 mSy, respec-
tively [8, 9].
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Busineno [3] niHiitHuit 3B’130K MixX Aieto IB Ta 3axBo-
proBaHicTIO Ha Mienomy (p = 0,02), po3paxoBaHU
ERR/Sv cranoBusB 2,63 (95 % nosipunii inTepBai (A1):
0,30; 6,37). Ilpu mpoBeneHHi JOMOMIXKHOIO aHajli3y, y
BUMAAKax, KOJIU JaHi OyJu oOMeKeHi YieHaMu KOropTu
i3 30BHILIHIMUM KyMYJSITUBHUMU J03aMU HuxK4e 500 M3B,
200 m3B i 100 M3B, 03HaKM JIHIHHOTO pamialiifHOTO
eexry ocnadmu (p = 0,066, p = 0,09 i p = 0,05, Bin-
noBigHo). OniHka HamMIKoBoro RR 30inblryBaiach 3i
3MEHIIEHHSIM Jialma3oHy 103, a mnoB’s3aHi JI cramm
MU PIIMMU: OOMEXEeHHS KyMyJISITUBHMX 103 < 500 M3B
[ERR/Sv = 2,67 (95 % 11: -0,14; 7,05, Ha ocHOBi 274 Bu-
nankiB)|, <200 m3B [ERR/3B=4,15 (95 % AI: -0,51; 11,0,
Ha ocHOBi 264 Bunazkis)] i < 100 m3B [ERR/3B = 8,01
(95 % M1: 0,04; 19,54, Ha ocHoBi 251 Bumanka)|. He Bu-
SIBJICHO JOKa3iB TOro, 110 CTaTh, JOCSTHYTUH BiK, Yac 3
MOMEHTY TEpIIOro OMPOMiHEHHS a0o0 BiK ITiI 4yac Tep-
ILIOTO OMPOMiHEHHS OYJIM iCTOTHUMU MOAU(IKYIOUMMU
YUHHMKAMU JIIHIKHOTO CHiBBiZHOLIEHHSI 103a — Bil-
MOBiAb 11 BAHUKHEHHS Mi€JIOMMU.

Pesynbratu pocimimkeHHs [3] cBimuaTh Mpo HasBHUMA
CTaTUCTUYHO 3HAYYILIMIA 3B’S130K MiX 103010 OINpPOMi-
HEHHSI Ta 3aXBOPIOBaHICTIO Ha Mi€JIOMY, OJHAaK, BCTa-
HOBJIEHI acoliallii 3aCHOBaHi Ha JyxKe HeBeJIUKili 4yacTii
OINMPOMiHEHUX MpalliBHUKIB, 30KpeMa MpaliBHUKIB i3
KYMYJISITUBHUMM 103aMHU ToHan 0,5 3B, ToMy HEOOXimHi
JIOJATKOBI JOCHiIXEHHsT A1 MiATBEpAXEHHsI OTpuMa-
HUX pe3yabTaTiB. ABTopaMu |3] mpoBeaeHe 3icTaBaeHHS
OTPUMAHUX JTaHUX 3 pe3yJbTaTaMM JOCIiIKEHHS pU3-
KiB Mi€JIOMM B iHIIMX KOropTax OINPOMiIHEHUX, JI€ pe-
3yJbTaT Oy HEOTHO3HAYHUMU [2, 3].

Hesiki paHHi JOCHiIXKEeHHSI cepel OIPOMiHEHUX BHa-
CJIiIOK aToMHOro 6omOapayBaHHs B SIMOHii, 3a JaHUMU
Life Span Study (LSS), nmoka3anu 3B’SI30K CMEPTHOCTI
BiJ Mi€JoMU 3 padialliiHUM BIUIMBOM, ajie B JOCJIiIXKEH-
Hi [6] 3a3HaYa€THCH, 1O JaHi OO CMEPTHOCTI MOTJIU
OyTHM 4aCTKOBO IMTOMUJIKOBUMHU BHACiTOK HEMPaBUIbHOI
Kiacudikauii MieJoMu y cBimouTBax mpo cMepTh [6].
ABTOpM 3as1BUJIU, 1110 JaHi HACJIiIKiB aTOMHOTO boMbap-
JTyBaHHS MOKa3ajdyd He3HauHi, SKIIO TaKi B3aranii €, 10-
Ka3u BIuivBy 1B 11010 3aXBOpIOBAHOCTI HA Mi€JIOMY.

Inmre nocaimxenns, INWORKS [7], Takox nokasano
BiICYTHICTb TEHJEHIiil A0 3POCTaHHSI CMEPTHOCTI Bil
Mi€JIOMM, TOB’S13aHOI i3 30BHILIHBOIO J0300 OIMPOMi-
HeHHs1, xoua HI mocnimkeHHss NRRW [3] yacTtkoBo
crniBnagamTb. Lle Moxke OyTH MOB’S13aHO 3 HEBEJIUKOIO
KiJIBKiCTIO cMepTeli mpu nmo3ax moHan 0,3 3B (1IicTb
cMmepreit) y nocaimkenHi INWORK, ne BpaxoByBaiuch
031 Ha YEPBOHMIA KiCTKOBUI MO30K, TOAi SIK Y JOCia-
KeHHi [3] KiJbKiCTb BUIAIKiB 3 TaKOI 3K 10300 MOJ-
BOIJIacsl 3a paXyHOK BUKOPUCTAHHSI €KBiBaJIEHTHOI 403U

Detected [3] linear relationship between IR
activity and myeloma incidence (p = 0.02), calcu-
lated ERR/Sv was 2.63 (95 % confidence interval
(CI): 0.30, 6.37). In ancillary analyses, when data
were restricted to cohort members with external
cumulative doses below 500 mSy, 200 mSv, and
100 mSy, the signs of a linear radiation effect weak-
ened (p = 0.066, p = 0.09, and p = 0.05, respec-
tively). The excess RR estimate increased as the
dose range decreased, and the associated CIs
became wider: cumulative dose limits < 500 mSv
[ERR/Sv = 2.67 (95 % CI: -0.14; 7.05, based on
274 cases], < 200 mSv [ERR/Sv = 4.15 (95 %
CI:-0.51; 11.0, based on 264 cases] and < 100 mSv
[ERR/Sv = 8.01 (95 % CI: 0.04; 19.54, based on
251 cases]. There was no evidence that gender, age
attainment, time since first exposure, or age at first
exposure were significant modifiers of the linear
dose—response relationship for the occurrence of
myeloma.

Research results [3] suggest a statistically signifi-
cant association between exposure dose and
myeloma incidence, however, the established asso-
ciations are based on a very small proportion of
exposed workers, particularly workers with cumu-
lative doses exceeded 0.5 Sv, so additional studies
are needed to confirm the obtained results. By the
authors [3], a comparison of the obtained data
with the results of a study of myeloma risks in other
irradiated cohorts, where the results were ambigu-
ous, was performed [2, 3].

Some early studies of those irradiated as a result
of the atomic bombing in Japan according to the
Life Span Study (LSS) showed an association of
myeloma mortality with radiation exposure, but
the study [6] notes that the mortality data may
have been partly erroneous due to misclassification
of myeloma on death certificates [6]. The authors
stated that data from the aftermath of the atomic
bombing showed little, if any, evidence of an effect
of IR on the incidence of myeloma.

Another study, INWORKS [7], also showed no
trends in myeloma mortality associated with
external dose radiation, although ClIs in the
NRRW study [3] partially coincide. This may be
due to the small number of deaths at doses above
0.3 Sv (six deaths) in the INWORK study, which
considered doses to the red bone marrow, where-
as in the [3] the number of cases with the same
dose was doubled due to the use of an equivalent
dose of whole-body irradiation. When limiting
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OIpoMiHeHHs ycboro Tina. [Ipu oOMexXeHHi aiama3zoHy
no3 Hukue 0,3 3B, JiHiIMHUKA eheKT Oinblile He OyB cTa-
TUCTMYHO 3HauymuMm (p = 0,12, Ha ocHOBi 267 BuU-
naznxis) 3 ER/Sv = 3,14 (95 % AI: -0,61; 8,77) [3].

V nocnigxenni [10] mpoBeneHO aHasi3 3aXBOPIOBAHOCTI
Ha MiejaoMy B Koropti 3 152 520 4oJiOBiKiB — y4aCHUKIB
nmikBigamii HacmiakiB aBapii (YJIHA) Ha YopHoOMILCHKI
AEC (HAEC). PozpaxoBaHO cTaHZapTU30BaHi KO-
edinienTn 3axBoproBaHocTi (SIR) Ha Miemomy YJIHA
MOPIBHSIHO 13 3arajibHOIO TMOMYJIsIlie0 YKpaiHu. Y Jo-
CJIiIKyBaHiii KOropTi BUSIBJIEHO 75 BUIIAAKIB MIi€JIOMMU,
niarHocroBaHux y 1986—2013 pp., 69 3 HuX Oy/10 BKIIIOYE-
HO J0 aHali3y 3 ypaxyBaHHsIM 10-piyHOro jar-mepiomny.
TenaeH1ist 40 3pOCTaHHSI 3aXBOPIOBAHOCTI CIIOCTEpiraaach
npotsiroM repioxy 2002—2007 pp. (uepe3 16—21 pik miciist
aBapii), a nmpotrsarom 2008—2013 pp. (uepe3 22—27 pokiB
TTicJIs aBapii) BusiBlieHO cyTreBe TinBuieHHsT SIR — 1,86
(95 % A1: 1,27; 2,44). HaiiBuiia 3aXBOPIOBAHICTb Y TIEPiONI
2008—2013 pp. BcTaHOBIIeHa cepex 0oci0, ctapmmx 3a 50 po-
KiB, OUIbLIICTD sIKMX Oyiu y Bili 60—69 pokiB — SIR 2,46
(95 % 11 1,32; 3,59). INokasuuku BrxuBaHocTi YJIHA
OyJ11 BULLIMMMU MOPiBHSIHO i3 3arajibHOIO MOITYJISILIIEIO Ha-
ceneHHs Ykpainu (73,9 % ta no 65,0 %, BinmoBinHO).

Pesynsraramu mopanbiioro asHanizy [11], 3okpema
CHEKTPY 3JOSKiCHUX 3aXBOPIOBaHb B Il e KOTopTi
VIIHA B YKpaiHi, miaTBepAXeHO 3HaYHE MepeBUILECH-
Hs 3axBoploBaHocTi Ha mienomy — SIR 1,61 (A1: 1,01;
2,21).

V3aranpHIOIOUM HaBeAeHi BUILE JaHi om0 poii IB B
natoreHesi ITKM, ciin 3a3HaYMTH, 11O OiIBLIICTD HasIB-
HUX Ha ChOTOIHI HayKOBUX JaHUX IiATBEPIKXYIOTh POJb
pafialliifHOTO YMHHUKA SK 30BHILIHBOTO HEraTUBHOTO
(akTopa iHaykuii [TKM, xo4a meBHI acleKTH JAaHOTO
MUTaHHS ITOTPEOYIOTh MONAJIBIIOTO BUBYCHHSI.

He3zanepeunuM € Toi1 hakT, 1110 ITaTOreHe3 OHKOreMa-
TOJIOTIYHUX 3aXBoproBaHb, 30kpema IIKM, € Han3Bu-
YalfHO CKJIAMHWM i 3aJIEKUTh SIK Bill BIUIMBY HECITPUSIT-
JIMBUX €KOJIOTIYHUX YMHHUKIB JOBKIJIJIS, TaK i Bill ITOpY-
IeHHS (PYHKIIOHYBaHHS EHIOTEHHWX MeEXaHi3MiB,
BiIMOBiTAIbHUX 32 PETYJSLII0 KUTTEAISUTBHOCTI KIIITUH
opraHiamy. IlpoBegeHi Ha CbOrOJAHI JOCHiIXEHHS
CBimyaTh PO CYTTEBE 3HAUYECHHSI Y BUHMKHEHHI JaHOTO
3aXBOPIOBAHHSI MOPYLIEHHSI Peryisuil LUTOKIHIB, 1O
3a0e3IeuyIoTh B3aEMO/IiI0 iIMyHHOI CUCTEMU 3 TIa3Ma-
TUYHUMU KIITHHAMH.

Bimomo, mo B miaTpuMaHHi mpoJidepaiii i XuTTe-
34aTHOCTI MATOJIOTIYHO 3MiHEHHUX IJIa3MOLIUTIB CYyTTEBA
poJib HaJIEXUTb, 30Kpema, iHTepieikiny-6 (IL-6) Ta
inTepieiikiny-10 (IL-10) Ik KJ1I04OBUM YMHHUKAM pe-
TYJISILIT iX POCTY Ta BM>KMBaHHS [12]. 3aragoM, HUTOKIiHU
CEKpPEeTYIThCs Malixe yciMa KIITUHAMU OpraHizmy,

the dose range below 0.3 Sv, the linear effect
was no longer statistically significant (p = 0.12,
based on 267 cases) with an ERR/Sv=3.14 (95 %
CI: -0.61; 8.77) [3].

The study [10] analyzed the incidence of myelo-
ma in a cohort of 152,520 men who participated in
the liquidation of the consequences of the accident
at the Chernobyl Nuclear Power Plant (ChNPP).
Standardized incidence rates (SIR) for myeloma
of the «liquidators» compared to the general pop-
ulation of Ukraine were calculated. In the studied
cohort, 75 cases of myeloma diagnosed in 1986-
2013 were identified, 69 of them were included in
the analysis taking into account the 10-year lag
period. A trend towards an increase in morbidity
was observed during the period 2002—2007 (16—21
years after the accident), and during 2008—2013
(22—27 vyears after the accident), a significant
increase in SIR was found — 1.86 (95 % CI: 1.27,;
2.44). The highest incidence in the period
2008—2013 was found among persons older than
50 years, most of whom were aged 60—69 years
(SIR 2.46, 95 % CI: 1.32; 3.59).

The results of further analysis [11], in particular
of the spectrum of malignant diseases in the same
cohort of the «liquidators» in Ukraine, confirmed
a significant excess of the incidence of myeloma —
SIR 1.61 (CI: 1.01; 2.21).

Summarizing the above data on the role of IR in
the pathogenesis of PCM, it should be noted that
most of the scientific data available today confirm
the role of the radiation factor as an external neg-
ative factor in the induction of PCM, although
certain aspects of this issue require further study.

It is indisputable that the pathogenesis of onco-
hematological diseases, in particular PCM, is
extremely complex and depends both on the influ-
ence of adverse environmental factors and on the
disruption of the functioning of endogenous
mechanisms responsible for the regulation of the
vital activity of body cells. The researches carried
out to date testify to essential value in the occur-
rence of this disease, dysregulation of cytokines,
which ensure the interaction of the immune sys-
tem with plasma cells.

It is known that interleukin-6 (IL-6) and inter-
leukin-10 (IL-10) play a significant role in main-
taining the proliferation and viability of pathologi-
cally altered plasma cells as key factors in the regu-
lation of their growth and survival [12]. In general,
cytokines are secreted by almost all cells of the body;,
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OCKIJIbKM BOHM € HEOOXiTHWMU IJI PEeryssiii MixX-
KJIITMHHOI B3aEMOii, 0i0XiMiYHUX TMPOLIECiB BCEPeAMHI
KJIITUHMU 1 peanizauii ¢yHKIil MeaiaTopiB iMyHHUX pe-
akuii [13]. g UMTOKIHIB XapaKTepHa IJIeHOTPOITHICTh
Nii, KackaaHi (K aHTarOHiCTWYHi, TaK i CHHEPriyHi)
B3a€EMO3B’SI3KU.

LIuTOoKiHM BUKOHYIOTH YMCJIEHHI 0iOJOTiuHI (PYyHKITIT
LIJISIXOM 3B’sI3yBaHHS 3i CBOIMU cieIU(iYHUMHU PeLieIT-
TOpPaMH i 3aITyCKalOTh, TAKUM YMHOM, aKTUBALIil0 BHYT-
PIIIHBOKIITUHHUX CUTHaJIbHUX KackaniB [14]. CurHa-
JIM, OIIOCEePEAKOBaHI IUTOKIHAMM, MOXYTh CIIPUYMHSITU
pi3HMI, iHOAI MPOTUJIEXKHUI BIUIUB Ha Pi3HI TUIHU
KJIITUH, 110 TaKoX OOYMOBJIEHO CTafi€lo AucepeHIi-
IOBaHHS KJIITUH. BianoBigHoO 10 cy4yacHUX ysIBIEHb, 3J10-
SIKiCHO TpaHC(OPMOBaHi TJIa3MOINTH SBISIOTH COOOIO0
3MilllaHy MOMYJISLiI0 KIITUH, 3aJe3KHO BiJ eKCIpecil ixX
TMOBEPXHEBUX aHTUTEHIB, Takux K CDA45.

Binomo, mo IL-6 € Haiibiabll aKTUBHUM YMHHUKOM
pocty KiniTMH Miegomu U-266, ogHak jaulle AeKiibKa
CyOomonmysauiil MyXJIMHHUX KIITWUH, TaKUX SK He3piii
CD45" xitunu, npoJidepyroTs y Binmosias Ha aito 1L-6.
B mocnimkeHHi [15] mokazaHo, 110 KJIITUHU MIi€JIOMMU JIIO-
JWHU TeTeporeHHi mMopdororidyro i dpenornmnono. Cepen
HUX MOXKJIMBO BUALIUTU IIOHAWMEHINE 5 CyOITOITyJIsIIii:
MPC-1"CD457CD49¢, MPC-1"CD45 CD49¢- Hespini
kiitnan, MPC-17CD45"CD49e-, MPC-17"CD45"CD49e-
KIIITUHA TIpOMIiXHOTro cTyneHs 3pimocti Ta MPC-
1"CD45"CD49¢™ 3pini kiaituau. BecranosieHo, o IL-6
€ OCHOBHUM YMHHUKOM POCTY KJIITUH MIi€JIOMU, IIPOTE
Jire He3piai kiituau Mieazomu MPC-1"CD45*CD49e
MOXYTb IpoJridepyBaTu 3a ymoB aii I1L-6. B excriepu-
MeHTi [15] Oyn0 mokasaHo, 1110 He3piJli KIIITUHU Mi€Jlo-
mu MPC-1"CD457CD49e xictkoBoro mMo3ky (KM)
npu gogaBaHHi 1L-6 in vitro MOXyTb 3MiHUTH CBiil (e-
norun Ha CD45" ximitmau. B 060X THMax KIiTWH
CD45™ i CD45" ninii U-266 MoXyTh OyTH OJHAKOBO
aktuBoBaHi STAT3 (signal transducer and activator of
transcription 3 i MAPK (mitogen activated protein
kinases, signal-regulated kinase (ERK 1/2)). B Toi1 xe
yac, KiHa3u cimeiicTBa Src, Taki gk Lyn, Fyn, MoxXyTb
Oytu akTHBOBaHi TiIbkK B CD45" kiitnnax niHii U-266.
Tomy axkTuBauisi KiHa3 ciMeiicTBa Src, MOB’sI3aHUX 3
excripeciero CD45, € mepenymoBoio mpomaideparrii
KJIITUH Mi€JIOMU.

YV KM naiiieHTiB 3 Mi€JIOMOIO OUTBIIICTh CYyOCTpaTHUX
KJIITUH He ekcrnpecytloTb CD45, a He3pili KITUHU Mi€e-
gomu CD45* craHoBsath npubnustHo 1—2 %. ABropamu
[15] mokasaHo, o kinituHau CD45- ninii U-266 € GinbIin
CTIMKMMM IO YMOB CTPECY, TaKUX, K, HAIIpUKJIa1d, KOH-
JULiIIOBaHHSI 32 YMOB BiJICYTHOCTi cupoBaTKu KpoBi. Lle
JIO3BOJISIE TIPUMYCTUTH, IO Y XBOPUX Ha MieaoMy IL-6

since they are necessary for the regulation of inter-
cellular interaction, biochemical processes inside
the cell and the implementation of the function of
mediators of immune reactions [13]. Cytokines are
characterized by pleiotropic action, cascade (both
antagonistic and synergistic) relationships.
Cytokines perform numerous biological func-
tions by binding to their specific receptors and thus
trigger the activation of intracellular signaling cas-
cades [14]. Signals mediated by cytokines can
cause different, sometimes opposite effects on dif-
ferent cell types, which is also due to the stage of
cell differentiation. According to current con-
cepts, malignantly transformed plasma cells repre-
sent a mixed population of cells, depending on the
expression of their surface antigens, such as CD45.
IL-6 is known to be the most active growth factor
in myeloma cells, but only a few subpopulations of
tumor cells, such as immature CD45+ cells, prolif-
erate in response to I1L-6. The study [15] showed
that human myeloma cells (U-266 line) are mor-
phologically and phenotypically heterogeneous. At
least 5 subpopulations can be distinguished among
them: MPC-1"CD45°CD49e, MPC-1"CD45"~
CDA49e~ immature cells, MPC-1+CD45 CD49¢",
MPC-1"CD457CD49¢- cells of intermediate
maturity and MPC-1"CD457CD49¢* mature cells.
IL-6 has been found to be a major factor in the
growth of myeloma cells, but only immature myelo-
ma cells MPC-1-CD45*CD49e can proliferate
under IL-6 influence. In an experiment [15], it was
shown that immature MPC-1"CD457CD49¢
myeloma cells of the bone marrow (BM) can
change their phenotype to CD45" cells when IL-6
is added in vitro. In both CD45™ and CD45" cell
types, U-266 lines can be equally activated by
STAT3 [signal transducer and activator of tran-
scription 3 and MAPK (mitogen activated protein
kinases, signal-regulated kinase (ERK 1/2)]. At
the same time, kinases of the Src family, such as
Lyn, Fyn, can be activated only in CD45" cells of
the U-266 line. Therefore, activation of Src fami-
ly kinases associated with CID45 expression is a
prerequisite for the proliferation of myeloma cells.
In the BM of patients with myeloma, the majority
of substrate cells do not express CD45, and immature
CD45" myeloma cells make up approximately 1—2 %.
The authors [15] showed that the CD45 cells of the
U-266 line are more resistant to stress conditions,
such as, for example, conditioning in the absence of
blood serum. This suggests that in myeloma patients,
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MOXe iHAyKyBaTu mpouidepauio Hespinux CD45*
cyOCTpaTHUX KJIITUH, ajie KiIbKicTh 1L-6 3aHanTo HU3b-
Ka JUIS TATPUMKH iX ripostideparrii. Citig 3a3HaYNUTH, 110
Brpata CD45 He € pesynabraToM MpsIMOro mpoididepa-
TUBHOTO BIUTUBY IL-6 i CBiTUUTh PO pEe3UCTEHTHICTh 10
KOHAWILiIOBAHHS KJIITUH MIi€JIOMU 3a YMOB BILJIUBY CTpPE-
COT€HHMX YMHHUKIB, 1110 IPU3BOJUTH 10 OiJbII TpUBA-
JIOro X BMKMBaHHS TIpU 0OOMeXeHii KiibkocTi 1L-6.

AxktuBauii STAT 3 i nozaximitnaHoi ERK 1/2 Henoc-
taTHbO st IL-6-iHmykoBaHOI Tpodidepaliil KIiTUH
Mi€JloMU. Y 3B’3KY 3 IMM, HeOOXiTHA aKTUBallis KiHa3n
cimeiictBa Src, mo B3aemoxaie 3 CD45. Hagsna
excnpecisgs CD45 00yMOBIIOE YyTAUBICTh KJIITUH Mi€TO-
MU SK IO MITOT€HHHUX, TaK i IO alONTOTAUYHUX UMH-
HUKIB, i B KiHLEBOMY pe3yJibTaTi 3a0e3reuyye abo ix
npoJiicgepaliito, ado BCTyn Ha 1UIsx anontosy [14]. Crix
3a3HayuTH, 10 y CD45™ kiaiTuHAaX Mi€IOMM, 1110 XapaK-
TEPU3YIOTbCS BUCOKOIO €KCIIPECIEI0 O-JIaHILIIOTa PeLieI-
topa IL-6 (IL-6Ro) Ta iHcymiHomomi6bHOro caxkropa
pocty (insulin-like growth factor, ILGF-I), sxi
po3MillleHi Ha IUTa3MaTUYHi MeMmOpaHi B Oe3moce-
penHiil OaM3bKOCTi, Mae Micue eheKTHUBHA B3aEMO-
MoB’s13aHa BinmoBige 000X peLienTopis Ha gito 1L-6 [14].
Cunepriunmii epexr IL-6Ro Ha curHanm, orocepeako-
BaHi peuentopoMm IGF-I, nae HoBe ysaBiaeHHs mpo Jak-
He3aJeXXHUI MexaHi3M mepenavi curHaiis 1L-6 go pe-
LEeNTOPiB KIIITUH MieToMU. ABTOopamH [14] TakoxX TToKa-
3aHO, 10 B cyOocTpatHuX KiitnHax [TKM 3 HasiBHicTIO
xpomMocoMHoi aHomatii t(4;14)(p16.3;q32) icHye cur-
HaJbHA TIEpeXpecHa B3aEMOIiS MK PelenTOpOM IIH-
TokiHiB, IL-6Ro/gp130, peuenTopoM ¢akTopa pocTy
TUPO3UHKIHA3M Ta peleNnTOpoM (pakTopa pocTy (idpod-
nactiB (fibroblast growth factor receptor, FGFR 3). Ta-
KM YMHOM, aBTOpPaMU PO3IJISIIAETBCS IEKiJIbKa Me-
xaHi3MiB IL-6-iHgykoBaHoi mposidepauii KiIiTUH, SKi
3HAYHOIO MipOIO 3aJIeXXaTh Bill CyOMOIMyIsILiifHOTO CKJ1a-
Iy KJIITUH Mi€JIOMU.

IIpoBeneHi gocnimkenns [12] mintBepawnu, o 1L-6 i
IL-10 € xi104OBMMHM LIMTOKiHAMH, IO PEryJiOIOTh
pict/BrxKMBaHHS MieJloMHUX KITHH U266. OCKiJIbKU
intepdepoH-anbda (IPH-0) BUKOPUCTOBYETHCS IS
JikyBaHHs ITKM B gkocTti mpenapary, B eKCIIepUMEHTi
[12] BMBYEHO #0OTO BIJINB Ha ayTOKPUHHY MPOIYKIIiIO
BUIIe3a3HAUEHUX IIUTOKiHIB. BcTaHOBIEHO, 110 came
IL-6, a He 1L-10, ingykyerbcst IFN-o-omocepeakoBa-
HOIO TIepenayeio CUTHAIIIB B Mi€JIOMHUX KJIITUHAX yepe3
aktuBaniro SOCS3 (suppressor of cytokine signaling 3).
SOCS3 — 6if0K, IKM1 KOIYETHCSI OAHOIMEHHUM T€HOM,
po3TallloOBaHUM B KJIITMHAX OpraHi3my JIOAWHM Ha KO-
POTKOMY ILIedi Xxpomocomu 17, i € iHribitopom nepeaavi
BHYTPIIIHbOKJIITUHHUX curHadiB. Lleii OiJIoK 3adistHUIA y

IL-6 may induce the proliferation of immature
CD45" substrate cells, but the amount of IL-6 is too
low to support their proliferation. It should be noted
that the loss of CD45 is not the result of a direct pro-
liferative effect of IL-6 and indicates resistance to the
conditioning of myeloma cells under the influence of
stressogenic factors, which leads to their longer sur-
vival with a limited amount of I1L-6.

Activations STATE 3 and extracellular ERK 1/2
is not sufficient for IL-6-induced proliferation of
myeloma cells. In this regard, the activation of the
Src family kinase that interacts with CD45 is nec-
essary. The presence of CD45 expression deter-
mines the sensitivity of myeloma cells to both
mitogenic and apoptotic factors, and ultimately
ensures either their proliferation or entry into the
path of apoptosis [14]. It should be noted that in
myeloma cells, CD45" is characterized by high
expression IL-6 receptor o-chain (IL-6Ro) and
insulin-like growth factor (ILGF-I), which are
located on the plasma membrane in close proxim-
ity, there is an effective interrelated response of
both receptors to the action of I1L-6 [14]. Syner-
gistic effect of IL-6Ro on IGF-I receptor-mediat-
ed signaling provides new insight into a Jak-inde-
pendent mechanism of IL-6 signaling to receptors
in myeloma cells. The authors [14] also showed
that in PCM substrate cells with the presence of a
chromosomal abnormality t(4;14)(p16.3;932)
there is a signaling cross-interaction between the
cytokine receptor, IL-6Ro/gp130, the tyrosine
kinase growth factor receptor, and the fibroblast
growth factor receptor (FGFR 3). Thus, the
authors consider several mechanisms of I1L-6-
induced cell proliferation, which largely depend
on the subpopulation composition of myeloma
cells.

The studies conducted [12] confirmed that IL-6
and IL-10 are key cytokines regulating the
growth/survival of U266 myeloma cells. Since
interferon-alpha (IFN-o) is used for the treatment
of PCM as a drug, its effect on the autocrine pro-
duction of the above-mentioned cytokines was
studied in the experiment [12]. It was established
that 1L-6, and not IL-10, is induced by IFN-o-
mediated signaling in myeloma cells through the
activation of SOCS3 (suppressor of cytokine sig-
naling 3). SOCS3 is a protein encoded by the gene
of the same name, located in the cells of the
human body on the short arm of chromosome 17,
and is an inhibitor of transmission of intracellular
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TakuX OiOJIOTIYHUX Ipoliecax, SIK YOiIKBITUHYBaHHS
OiNIKiB Ta peryjsiis pocty KiiTuH [16]. [Ipu KyasTUBY-
BaHHI KJIiTUH MiejgoMu 3 I®OH-0. BUsSIBIICHI 30iIbIIICHHS
npoaykuii 1L-6 i IL-10 y kmiTrHax, 1110 eKCIpecyoTh Iii
iHTepJIeKiHM, Ta iHTIOIllisT POCTY MJIa3MOILIUTIB.

HonaBanus 1L-6-HelTpai3yro4yoro aHTUTIJIA MOJAO0B-
xye dhochopumoBannst STAT1, innykoBaHoro [FN-y, i
3HAUYHO TIOCUJIIOE TIPUTHIYEHHS POCTY KJiTUH, IO
ekcrpecytots IFN-o0 ta 1L-6 [16]. STAT1 — 6inoxk,
SIKMI KOTYETHCSI OMHOMMEHHMM I€HOM, PO3TalllOBaHUM
B KJITMHAX OpraHi3amy JIOAWHMW Ha KOPOTKOMY ILIeui
XpOMOCOMM 2 i 3amisiHUM, 30KpeMa, B peryJsilii TpaH-
CKPHIILIii Ta aJlbTepHATUBHOMY CILIaliCUHTY. biiokyBaH-
s 1L-10 y mpucytHocTi IFN-0 He BIiiMBa€ Ha picT/BU-
KWBaHHS KJIiTUH, mo ekcrpecyiors [L-10. Crin
BinMmiTuTH, 1O caMe ek3oreHHumii IL-6, a He IL-10,
iHmyKye BUCOKi piBHI ekcripecii SOCS3. Xoua mocu-
JneHHsg SOCS3 cnocrtepiraioch y MPUCYTHOCTI JIMIIE
IFN-o B kiiTMHax, Imo excrpecyioth 1L-6, us
ekcrpecig Oyyia IOBHICTIO HelTpanizoBaHa IL-6-aH-
tuTinoM. JliHiga xmituH Loy, TpaHcpikoBaHa SOCS3,
nokKasajia BiICYTHiCTb NMPUIHIYEHHS POCTY 3a YMOB Jil
IFN-o. Lli pe3ynbraT cBigyaTh Ipo Te, mo 1L-6, inmy-
koBanuii IFN-o, Bigirpae BaxkJuBY poJib y 3pOC-
TaHHi/BMXKMBaHHI KJIITUH Mi€JIOMU 4yepe3 ayTOKPUHHY
nerao, i aktuBanigs SOCS3 BHacmigok aii 1L-6 moxe,
NpUHAMHI YacTKoBO, Bignosinatu 3a IL-6-omocepen-
KoBaHe iHrioyBaHHs nepegavi curHanis IFN-o B kitiTh-
Hax Miesomu [16].

Binomo, 1o npoaykiist BUcokux piBHiB 1L-6 Kopeioe
3i CTIMKICTIO 3JTOSIKiCHO TPaHC(POPMOBAHUX KJTITHH, 30K-
peMa JiHii MiestloMHuX KJ1iTiuH U266, 10 1ii IUTOTOKCHY-
HuX peyoBuH T1a/a6o IB [17]. [IpoBeaeHo ekcriepuMeH-
TaJlbHE TOCHTiIKEeHHS ePEKTy Mii MOHOKJIOHAJIbHUX aH-
tuTis ipoty 1L-6 K MOBIpHMX YMHHMKIB, 110 J103BO-
JIIIOTh 3BOPOTHBLO TpaHC(POpPMYBaTU PE3UCTEHTHICTh
JIiHii TJIa3MOLMTIB A0 HaBeAEHUX BHILE areHTiB Ta
OLIIHUTH iX BIUIMB Ha MpoJidepallilo KJIiTUH, alloNTo3 Ta
nepenauy curHauiB Bim IL-6 [17]. BcraHoBieHo Ha-
SIBHICTb BUPaXKEHOTO KOPEJSIIiHHOIO 3B’ SI3KYy MiX CeK-
peuiero IL-6 Ta criiikicTio mienomuux kiaitua U266 no
JTOKCopyOiLMHY (XiMioTepaneBTUUHMI areHT) Ta IB. Xo-
ya aHTU-1L-6 aHTUTIJIO 32 YMOB 3aCTOCYBaHHSI 000X Me-
TOHIB BIJIMBY (XiMioTepamneBTUYHMI Tipenapat, IB)
e(eKTUBHO 0JIOKYBaJIo nepeaady curHamis IL-6 B KiriTh-
Hax U266, ekcrpecyioun peuentop IL-6 gp80, B 1mx
KJIIITMHAX He OyJIO BHUSIBJICHO MiIBMUILEHHS AaHTUII-
poJihepaTUBHOTO Ta MIPOATTONTOTUYHOTO e(heKTy. ABTO-
pu [17] BUCTOBIIOIOTH MPUMYIIEHHS, IO BiACYTHICTh
ux eeKTiB Moxe OyTM 0OyMOBJIEHA JeKiJibKoMa Mpu-
YUHAMW: BUIIUM BUBIJIBHEHHSIM PO3YMHHOI (popMU pe-

signals. This protein is involved in such biological
processes as protein ubiquitination and cell growth
regulation [16]. When culturing myeloma cells
with IFN-o., an increase in the production of IL-6
and IL-10 in cells expressing these interleukins
and inhibition of plasma cell growth was revealed.

Addition of IL-6-neutralizing antibody prolongs
IFN-y-induced STAT1 phosphorylation and signif-
icantly enhances growth inhibition of cells express-
ing IFN-ocand I1L-6 [16]. STAT1 is a protein encod-
ed by the gene of the same name, located in the cells
of the human body on the short arm of chromosome
2 and involved, in particular, in the regulation of
transcription and alternative splicing. Blockade of
IL-10 in the presence of IFN-o. does not affect the
growth/survival of cells expressing IL-10. It should
be noted that it is exogenous IL-6, and not IL-10,
that induces high levels of SOCS3 expression.
Although upregulation of SOCS3 was observed in
the presence of IFN-o alone in IL-6-expressing
cells, this expression was completely neutralized by
the IL-6 antibody. SOCS3-transfected Loy cell line
showed no growth inhibition under IFN-o condi-
tions. These results suggest that IFN-o-induced
IL-6 plays an important role in the growth/survival
of myeloma cells through an autocrine loop, and
SOCS3 activation by IL-6 may be, at least in part,
responsible for IL-6-mediated inhibition IFN-o
signaling in myeloma cells [16].

It is known, that the production of high levels of
IL-6 correlates with the resistance of malignantly
transformed cells, in particular the myeloma cell
line U266, to the action of cytotoxic substances
and/or IR [17]. There was conducted an experi-
mental study [17] of the effect of monoclonal anti-
bodies against 1L-6 as probable factors that allow
to reverse the resistance of the plasma cell line to
the above agents and evaluate their effect on cell
proliferation, apoptosis, and IL-6 signaling. A
strong correlation between IL-6 secretion and
resistance of U266 myeloma cells to doxorubicin
(a chemotherapeutic agent) and IR was estab-
lished. Although the anti-IL-6 antibody effectively
blocked IL-6 signaling in U266 cells expressing the
IL-6 gp80 receptor under the conditions of both
exposure methods (chemotherapy drug, IR), no
increase in antiproliferative and proapoptotic
effect was detected in these cells. The authors [17]
suggest that the absence of these effects may be due
to several reasons: a higher release of the soluble
form of the 1L-6 gp80 receptor in response to the
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uentopa I1L-6 gp80 y BiamoBigs Ha [il0 JOKCOPYOILIMHY
Ta OMPOMiHEHHS; MiABUILEHUM BUBUIbHeHHSIM IL-10 Ta
TNF-0, 1BOX IMTOKIiHiB, SIKi iHIYKYIOTb PE3UCTEHTHICTb
CyOCTpaTHUX KJIITUH 0 ONPOMiHEHHS Ta Iii IIUTOTOK-
CUYHMX areHTiB (XiMioTepaneBTUYHUX MpemnapaTiB). OT-
pUMaHi JaHi MiATBEPIKYIOTh TOl (hakT, 1o IL-6 He € ro-
JIOBHUM YMHHMKOM iHIOYKILIil pe3MCTEHTHOCTI KJIITUH 0
Jii TUTOTOKCUYHMX peuyoBUH Ta IB, gka perymtoeTbcs
CKJIaJIHOIO MEpEeXKelo B3aEMO/Iil OJIKiB.

Toit ¢akr, o I1L-6 06yMOBIIIOE OITOCEPEIKOBAHY PeE-
3UCTEHTHICTh [0 JIIKApChKUX TIperapariB i BUXKMBaHHS
TIa3MOLIMTIB Y XBOPUX HA Mi€JIOMY, MiATBEPIKEHO i aB-
topamu [18]. Ockinbku IL-6 mop’s3aHuil 3 HUIIXaMU
JAK/STAT3 i, orxe, PI3K/Akt i MEK/MAPK, sxi ak-
TUBI3YIOTh aHTHanonTUyHi 60iku Mcl-1, Bel-XL i c-Myc
B CyOCTpaTHUX KJIITUHAX MIi€EJIOMM, 11€ COPUSIE BUKMBaH-
HIO IMX KJIITHH Ta IX ITIBUILEHIN CTIMKOCTI OO0 XiMioTe-
paneBTMyHMX 3aco0iB [18, 19, 20]. IIpoBeneHe mociin-
JKeHHsI HU3KM aHTUTL 111 HeiTpanizauii 1L-6 mokasaio,
1110 iX epeKTUBHICTB OyJia MiHiManbHOMWO [18, 21, 22].

OnocepenkoBaHa Jis yepe3 MeaiaToOpu aHTUAIIOMNTO3y
MOXe JOMOMOITU 3MiHU edektu IL-6 Ha mpoTuiexHi.
3acTocyBaHHSI in Vitro CTpaTerii aHTUCMHCIOBOTO
HauimoBaHHs Tpotd MCL-1 ceHcuGinizyBaayu KIiTUHU
IIKM no JiKiB LJISIXOM iHriOyBaHHSI LIIMX aHTUAMOIITO-
THYHUX IsixiB [23]. OxpiMm Toro, mokaszaHo, 1o IL-6-
orocepeaKkoBaHa PE3UCTEHTHICTb MOXe OyTW 3MiHeHa
nuiixoM BrmBy Ha CDC34 [24]. g monekyna €
YOiKBITUH-KOH I0TYIOUMM (PEPMEHTOM, SIKUIT 6epe yJyacThb
y po3maji mpoTeacoM, BiH MOB’SI3aHMIA 3 Aerpajalli€lo
IxBa, inridéitopa NFxB, i, TakuM 4MHOM, COpusi€ MOSIBI
PEe3UCTeHTHOCTI 10 JIiKiB uepe3 rnepeaavyy curHajiiB NFkB.
ITokazaHo, 110 3ay4eHHS iHIIKX MOJIEKYJI B paMKax Kac-
kany JAK/STAT3 Takox crpusi€ 3HIKEHHIO Pe3UCTEHT-
HOCTI 0 Ail XiMioTepaneBTUYHUX mpenapaTiB. BcraHoB-
JIeHo, 110 iHribiTop Akt, MK2206, nonomarae 1oaojati
PE3UCTEHTHICTh CYOCTpaTHUX KJIITUH Mi€JOMU 10 OopTe-
30Mi0y, iHIYKOBaHY KyJabTUByBaHHSIM 3 1L-6 [25].

B ny6mikamii [18] Takox mokazaHO, III0 Y XBOPUX Ha
[MKM IL-6 MoXe CHpHMATH MOSIBI PE3MCTEHTHOCTI 10
JIIKapChKMX TpernapariB LUISIXOM €IireHeTUYHOrO BILUIMBY
Ha psa nporeiniB. Ockinbku IL-6 niepenae curnaiuy yepes
STAT?3 i nocumoe aktuBHicTh J|HK-Metnnrpanchepasn
1, ocTaHHS cipusi€e METUJIIOBAHHIO i, TAKUM UMHOM, JIe-
3akTUBalii P53, moseruyoun yHUKHEHHS 151 cyocTpar-
HUX KJIITUH iX pYAHYBaHHS i3 3aJTydeHHSIM KOHTPOJbHOI
TOYKM KIITUHHOTO MKy, O4eBUIHO, IO 1Ie TTiABUIIYE
MMOBIpHiICTh BUHUKHEHHS PE3MCTEHTHOCTI 10 JIIKAPChKUX
npernapariB  i/abo MporpecyBaHHIO 3aXBOPIOBAHHSI.
HocmimKeHHsT TMepIIoro eTaly IIOAO 3acTOCyBaHHS
iHTibiTOpiB 3arambHOi rictoHomeaneTunasn (HDAC) nHe

action of doxorubicin and irradiation; increased
release of 1L-10 and TNF-o, two cytokines that
induce resistance of substrate cells to irradiation
and the action of cytotoxic agents (chemothera-
peutic drugs). The obtained data confirm the fact
that IL-6 is not the main factor in the induction of
cell resistance to the action of cytotoxic substances
and IR, which is regulated by a complex network
of protein interactions.

The fact that IL-6 causes mediated resistance to
drugs and survival of plasma cells in myeloma
patients was also confirmed by the authors [18].
Because IL-6 is associated with the JAK/STAT3 and
thus PI3K/Akt and MEK/MAPK pathways, which
activate the anti-apoptotic proteins Mcl-1, Bcl-XL,
and c-Myc in myeloma substrate cells, it promotes
the survival of these cells and their increased resist-
ance to chemotherapeutic agents [18, 19, 20]. A stu-
dy of a number of antibodies to neutralize IL-6 show-
ed that their effectiveness was minimal [18, 21, 22].

Mediated action through anti-apoptotic media-
tors may help reverse the effects of IL-6.
Application of an in vitro anti-sense targeting strat-
egy against MCL-1 sensitized PCM cells to drugs
by inhibiting these anti-apoptotic pathways [23]. In
addition, it has been shown that IL-6-mediated
resistance can be reversed by affecting CDC34
[24]. This molecule is a ubiquitin-conjugating
enzyme involved in proteasomal degradation, it is
associated with the degradation of IxBo, an
inhibitor of NFkB, and thus contributes to drug
resistance through NFxB signaling. It has been
shown that the involvement of other molecules
within the JAK/STAT?3 cascade also contributes to
the reduction of resistance to the action of
chemotherapeutic drugs. An Akt inhibitor,
MK2206, has been shown to help overcome resist-
ance of myeloma substrate cells to bortezomib [25].

The publication [18] also shows that in PCM
patients, 1L-6 can contribute to the emergence
of drug resistance through epigenetic influence
on a number of proteins. Because 1L-6 signals
through STAT3 and enhances DNA methyl-
transferase 1 activity, the latter promotes methy-
lation and thus deactivation of P53, making it
easier for substrate cells to avoid cell cycle
checkpoint destruction. Obviously, this increas-
es the likelihood of drug resistance and/or dis-
ease progression. Early studies of general his-
tone deacetylase (HDAC) inhibitors did not
show significant efficacy [26], but subsequent
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BUSIBIIIH 1i CYTTEBOI e(DeKTUBHOCTI [26], oqHaK TomajIbIie
3aCTOCYBaHHS cefleKTUBHUX iHribiTopiB HDAC, Takux sk
ximamin (chidamide), Tmokazano ix «aHTUMIiEJIOMHUI» Ta
3aXMCHUM e(eKT 100 KiCTKOBOI TKAHWHU, TEMOHCTPYIO-
YU CUHEPTiYHUMA ePeKT 3 iHIIMMU TTperapaTaMu IS JTiKy-
BaHHs [IKM, Ttakummu sIK aekcameTa3oH, Kapdinzomio
(carfilzomib) i nomaninomin (pomalidomide) [27].

ITincymoByloun Bce HaBeleHe BHILE, HEOOXiTHO 3a3-
Ha4yuTH, 1110 BUHUKHEeHHS [IKM oO0yMoBieHe IToeTHaH-
HSM $K il HEeraTUBHUX YMHHMKIB JOBKUIIS, Y TOMY
yucii 1B, Tak i cKJIafHUM KOMILJIEKCOM BIUIMBY €HI0-
reHHUxX GakTopiB, 30KpeMa HUTOKIiHiB IL-6 Ta 1L-10.
HocnimxeHHs B3aEMOIii pafialliiiHOro YMHHUKA 3 JaHU-
MU LIUTOKiHAMM CBig4yaTh Opo ix MOAUDIKYIOUMil BILJIUB
Ha iHTEHCUBHICTH TIpoJtidepallii KIiTHH MieToMu. Mox-
JIMBICTb KOpPeKIii mii LIMX LMTOKiIHiB Ha cyOcTpaTHi
kiiTuHu 1ipy [TKM 103BOJWTE MiABUIUTH €(heKTUBHICTh
3aCTOCYBaHHSI CydyaCHMX JIiKapChbKMX 3ac00iB in vivo. J1o-
CJIIIXKEHHSI 3 TaHOTO HAaNPSIMKY MOTPeOYIOTh MO1aIbIIO-
IO MPOIOBXEHHS.
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Vol. 2, no. 7. P. 276—281. doi: 10.1016/S2352-3026(15)00094-0.

use of selective HDAC inhibitors, such as chi-
damide, showed their “anti-myeloma” and
bone-protective effects, showing a synergistic
effect with other drugs for the treatment of
PCM, such as dexamethasone, carfilzomib and
pomalidomide [27].

Summarizing all mentioned above, it should be
noted that the emergence of PCM is due to the
combination of actions of negative environmental
factors, including IR, as well as a complex com-
plex of effects of endogenous factors, in particular
cytokines I1L-6 and IL-10. Studies of the interac-
tion of the radiation factor with these cytokines
indicate their modifying effect on the intensity of
the proliferation of myeloma cells. The possibility
of correcting the action of these cytokines on the
substrate PCM cells will allow to increasethe
effectiveness of using modern medicines in vivo.
Research in this direction requires further contin-
uation.
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