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TNF-o TA IOHI3YIOYE BUIITPOMIHIOBAHHA: POJIb B
ITATOT'EHE3I 1 JIIKYBAHHI IIJTABMOKJIITUHHOI MI€JIOMU
(orsan JgitepaTrypu)

B ornsapi npepctaBneHi gaHi nitepatypu CTOCOBHO poni (aktopa Hekpo3y nyxnuH-o (TNF-o) Ta ioHi3ytoyoro Bun-
POMiHIOBAHHA B natoreHesi i NikyBaHHi Nna3MokNiTMHHOT Mienomu. MpoaHanizoBaHo NopylweHHA GYHKLiOHYBaHHS
perynauii 4aHoro LMTOKiHY, WO BMNIMBAE HA B3AEMOAII0 iIMyHHOT CUCTEMM 3 CYOCTPAaTHUMM NNA3MATUYHUMU KNITUHAMMU
33 YMOB BM/IMBY HEraTUBHMX 30BHilIHIX YUHHUKIB, y TOMY YMCAi — 10Hi3yl040ro BUNPOMiHIOBaHHA. [peacTaBneHo cy-
YacHi HaNpsAMKM Tepanii LaHOro 3aXBOPIOBAHHSA 3 BUKOPUCTAHHAM HOBITHiX TexHonorii, 3okpema CAR T-kniTuHHOT Te-
panii, Wwo A03BONATL B NEPCNEKTUBT ONTUMi3yBaATK NiKYBaHHSA LLbOr0 3aXBOPIOBAHHSA 1, TAKMM YNHOM, MOKPALMUTY AKICTb
Ta TPUBAMICTb XKUTTA XBOPUX Ha MNA3MOKIITUHHY Mi€NTOMY.
KniouoBi cnoBa: nna3mokniTMHHa Mienoma, untokinu, TNF-o, CAR T-kniTuHHA Tepanis.
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TNF-o. AND IONIZING RADIATION: THE ROLE IN THE
PATHOGENESIS AND TREATMENT OF PLASMA CELL MYELOMA
(review)

The review presents data from the literature on the role of Tumor necrosis factor-o. (TNF-ot) and ionizing radiation
(IR) in the pathogenesis and treatment of plasma cell myeloma (PCM). There was analyzed disturbance of regula-
tion of functioning of this cytokine, which affects the interaction of the immune system with substrate plasma cells
under the influence of negative external factors, including ionizing radiation IR. Modern directions of therapy of
this disease using the latest technologies are presented, in particular CAR T-cell therapy, which will allow to opti-
mize in the future treatment of this disease and, thus, improve the quality and life expectancy of PCM patients.
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HJ‘[&BMOK)‘[iTI/IHHa mienoma (ITKM) — MoHoKIO-
HajbHe JiMdonpoaidepaTuBHE 3aXBOPIOBAHHS,
OpU SIKOMY 3JI0SIKiCHO TpaHC(OPMOBaHi Mja3MaTU4Hi
KJIITUHU CUHTE3YIOTh IaTOJOTIYHi iMYyHOIJIOOYJTiHU
abo ix ¢parmentu [1]. Yacrora ITKM cepen oHKore-
MaTOJIOTIYHUX 3aXBOPIOBaHb csrae 6im3bKo 15 %, ce-
pel XBOpUX MepeBakaroTh YOJIOBIKM cTapili 3a 65 po-
KiB, pemo pigme [TKM BUSIBASIETbCS Y MOJIOAMX OCi0.

OcTaHHIMU poKaMU y OiTBIIOCTI KpaiH CBITY, B TOMY
yuchai i B YKpaiHi, Ma€ Micle 3pocTaHHsI 3aXBOPIOBa-
HocTi Ha I1KM. Tak, y 2019 p., 3a nanumu Kannep-
peecTpy YKpainu [2], et moKa3HUK IJIsl )KiHOK CTaHO-
BuUB 2,6 : 100 000 HaceseHHs, LTSI YOIOBIKiB — 2,7 : 100
000 nacenenHs. CtaHgapTU30BaHUM TTOKA3HUK 3aXBO-
PIOBAHOCTI 111 YKpaiHM 3 ypaxyBaHHSIM cTaTi (KiHKH
Ta 4YOJIOBiKM) BiAmnosigas 2,3 i 2, 9, CBiTOBI MOKa3HUKU
BU3Havyaauch Ha piBHi 1,41 1,8.

HeratuBHi YMHHMKU, 3 SIKMMH IIPOTSITOM JKUTTSI
KOHTAKTYy€E iHAUBiIYYM, TaKi SIK, HAIpUKJIa, i0Hi3y10-
ye BurnpoMiHoBaHHg (IB), migBUINYIOTH PU3UKHU
ITKM [3]. Hacninku BriuBy 1B momo iHayKILii boro
3aXBOPIOBAHHS Y Pi3HUX KaTeropiii ompoMiHeHUX OcCi0
(BHACITiImOK aroMHOTo OomOapayBaHHS B fmoHil; y
THX, XTO TpodeciiHO KOHTAKTye 3 mKepenamu IB; y
XBOPUX HA OHKOJIOTiYHY Ta reMaTOJIOTiuHY MaTOJOTiI0,
SIKMM TIpA3HaYaiach IIpOMeHeBa Teparlisi; B y9aCHUKIB
JKBiganii HacainkiB aBapii Ha YopHoouabewKiit AEC)
BUBUYEHO OaraTtbma nociaigHukamu [3—9].

OpHak HeraTMBHiI YMUHHUKU 30BHILLIHBOTO CEPEIOBU -
a, BKiIovaoun B, cripysiioTh BAHMKHEHHIO TaHOTO
3aXBOPIOBAHHS MPU B3aEMO/Iil 3 HU3KOI €HAOIEeHHUX
¢axropis. CyTTeBa poJib B LILOMY HaJIEKUTh MOPYILIEH-
HSIM (byHKIIIOHYBaHHS IMyHHOI CUCTEMM, Y TOMY YHCJTi
peryisuii Mepexi LMUTOKiHIB, $Ki 3a0e3meuyloTh
npomideparito, nudepeHuialio Ta QYHKIIIOHYBaHHS
CcyOCTpaTHUX IUIa3MaTUYHUX KJIITUH. 30KpeMa, (ak-
TOp HeKpo3y MyxXJIMHU-0O. (TNF-o) cripusie eKcIaHcii
OyxXJIMHHOro KjioHy y xBopux Ha ITKM [10]. biono-
riyHa TreTepoOreHHiCTh CyOCTpaTHUX KJIITUH, sKa Xa-
pakTepHa 1 pi3Hux (a3 nepediry [TKM, odbymonie-
Ha HasIBHICTIO OUCPETryJIbOBAaHUX B3aEMO3B’SI3KiB Me-
pexi UMUTOKIiHiB, 110 Hagae nepeary TNF-o. 9K mpo-
MOTOpY Iiporpecii 3axBoproBaHHs [11].

IIpoTaroM TpuBanoOro MPOMiXKY 4Yacy 3armbeib
KJIITUH BHACiI0K OMPOMiHEHHS PO3TJIsSIAANN SIK MOET -
HaHHS iHTepda3Hoi Ta penpOAYKTUBHOI «cMepTi» [12].
Lleit mocrynar Oa3yBaBCsl Ha KJaCHM4HiiA pamio0io-
JIOTiYHili KOHUEMIil aHajli3y BUXXWBAHHSI KJIOHOTEH-
Hux K1iTuH. Ha choromHi mpoBeaeHi YMCAEHHI TOCTia-
JKEHHSI, CIpsSIMOBaHI Ha BUBYCHHS MOJICKYJISIPHUX
IIJISIXiB i €TaImiB KIIITMHHOI cMepTi (armonTo3y), 1o pe-

lasma cell myeloma (PCM) is a monoclonal

lymphoproliferative disease in which plasma
cells are malignantly transformed synthesize patho-
logical immunoglobulins or their fragments [1]. The
frequency of PCM among oncohematological dis-
eases reaches about 15 %, among the patients men
older than 65 years predominate, PCM is somewhat
less often found in young people.

In recent years, in most countries of the world,
including Ukraine, there has been an increase in the
incidence of PCM. Thus, in 2019, according to the
Cancer Register of Ukraine [2], this indicator for
women was 2.6 : 100,000 population, for men 2.7 :
100,000 population. The standardized incidence rate
for Ukraine, taking into account gender (women and
men), corresponded to 2.3 and 2.9, the world indica-
tors were determined at the level of 1.4 and 1.8.

Negative factors with which an individual comes
into contact during his life, such as, for example,
ionizing radiation (IR), increase the risks of PCM
[3]. Consequences of exposure to IR in relation to
the induction of this disease in various categories of
irradiated persons (suffered after the atomic bomb-
ing in Japan; in those who have professional contact
with sources of IR; in patients with oncological and
hematological pathology who were prescribed radia-
tion therapy; in clean-up workers of the Chornobyl
nuclear power plant accident) has been studied by
many researchers [3—9].

However, negative environmental factors, includ-
ing IR, contribute in inducing of this disease in inter-
action with a number of endogenous factors. A sig-
nificant role in this is due to the disruption of the
functioning of the immune system, including the
regulation of the cytokine network, which ensures
the proliferation, differentiation and functioning of
substrate plasma cells. In particular, Tumor necrosis
factor-o (TNF-a.) contributes to the expansion of the
tumor clone in PCM patients [10]. The biological
heterogeneity of substrate cells, which characterizes
different phases of the course of PCM, is the result of
the presence of dysregulated interconnections of the
cytokine network, which gives an advantage TNF-o.
as a promoter of disease progression [11].

For a long time, cell death due to irradiation was
considered as a combination of interphase and
reproductive «death» [12]. This postulate was based
on the classical radiobiological concept of the analy-
sis of the survival of clonogenic cells. To date,
numerous studies have been conducted aimed at
studying the molecular pathways and stages of cell
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TYJIIO€ BMDKMBAHHS KJIITUH ITyXJIMH. MapKepH aIltonTo-
3y TaKOX CTAHOBJISITh iHTEPEC SK IIPOTHOCTUYHI YMH-
HUKU OLIHKU €(EKTUBHOCTI JIiKyBaHHSI i MPOrHO3Y-
BaHHSI UMOBIpPHOCTiI BUHMKHEHHS YCKJIaAHEHb, OB sI-
3aHUX 3 BIUIMBOM IB Ha 310poBi KIITMHU, 30Kpema,
JIiIM(OIAHOTO PsIIy.

Jlis1 BUSIBIEHHSI MOJIEKYJISIDHUX 3MiH, sIKi BigOyBa-
IOTbCS B IIPOLIECI aIlOITO3Y, BUKOPUCTOBYIOTh Pi3HO-
MaHiTHI Mapkepu [12], 3okpeMa aHekcuH V/PI Ta Kac-
nagy-3. Pesynbratu pociaimxkeHHs [12] cBigyaTh Mpo
pPi3HOpPiIHY peakllilo KJITHUH IyXJWH Ha [il0 Jira’my
cmepti TNF-o0 B TO€OHAHHI 3 OIPOMiIHEHHSIM.
KinbKicTh KJIiTHH, SIKi MepeOyBaloTh y MPOLIECi alomnTo-
3y, CYTTEBO BiIPi3HSETHCS MiXX BU3HAYEHUMM aHEKCU-
HoMm V/PI ta xacma3zor-3 KiHleBUMU TOukKaMu. BuB-
YeHHsI OCOOJIMBOCTEH BIUIMBY UMHHMKIB Ha KJIITUHU
Jimcoinnoi ainii SU-DHL-4 noxkazanu, mo TNF-o
MOMIpHO BIUIMBaB Ha iHTEHCUBHICTh alloITo3y (aHasi3
OpPOBEAEHO i3 3aCTOCYBaHHSIM 000X MapKepiB — aHEK-
cuHy V i kacmasu-3). B Toi1 Xe yac, onpomiHeHHS
MPpU3BEJIO 10 30iablIeHHST Ha 60 % KiTBKOCTI KITITHH,
SIKi BCTYNWJIM 10 aronTo3y (IMpy BUKOPUCTAaHHI MapKy-
BaHHS aHeKCUHOM V) i Ha 50 % KJIITUH — MpH 3aCTOCY-
BaHHI Kacnasu-3 sIK MapKepa Ipoliecy.

IIpoBeneni mocnimkeHHs [13] mokaszanu, IO ITix
BIUIMBOM CTPECOr€HHMX YMHHUKIB MPOTEIHKiHA3U
(sress-activated protein kinases, SAPK), Takox Bimomi
SIK aMiHO-TepMiHa/IbHi KiHa3u c-Jun (c-jun amino-ter-
minal kinases, JNK), aktuBytoThcs. Lle mae Micue i y
BiMOBiAb Ha [Mil0 Pi3HOMAHITHUX EHIOTeHHUX (aK-
TOpiB, BKJIIOYAIOUN LIUTOKIHMU, i, 30Kpema, TNF-o [13].
Xoua Bci BUIlIe3a3HaYeHi YMHHUKM iHIlIiI0I0Th aroITo3,
MUTaHHS om0 HeoOximHocTi aktuBauii SAPK/JNK
JJIs iHiliauii 1bOro mpolecy B CyOCTpaTHUX KJIiTUHAX
npu IIKM nortpebye mnomanabllioro BUBYEHHS. Y H0O-
chaimkeHHi [13] mokazano, mo IB i KopTtukocrepoin
(mekcameTa3oH) iHAYKYIOTb aloONTO3 y JiHisIX KJIiTUH
MIi€JIOMM, a TaKOX y CYOCTpaTHMX ILIa3MaTUYHMX
KJIITUHAX, OTPMMaHUX Bif nauieHTiB. IHiLiiioBaHuit 1B
anornro3 ooymonneHuit aktupauiero SAPK/JNK i p38
KiHa3M, Ha BiAMiHY BiJl JeKCaMeTa30H-iHIyKOBaHOIO
aIonTo3y, SIKMI He MOB’SI3aHUI 3 aKTUBAIli€I0 CTpec-
KiHa3. KpiMm Toro, npu nekcaMeTa3oH-iHAYKOBaHOMY
aronTo3i Ma€ Miclle 3HaYHe 3HMKEHHS aKTUBHOCTI
MiTOreH-akKTuBOBaHOi TpoTeiHkiHazu (MAPK) i
p70S6K. 4k IB, Tak i mekcaMeTa3oH, CIPUSIIOTh PO3-
merieHHIo moni-ADP pnbo3n nmoximepasoio (PARP),
IO € MOMAI€I0, XapaKTEepHOIO IJis aronTo3y. IHmmi 111-
TOKiH, iHTepaeikiH-6 (IL-6) iHriOye nekcameTa3oH-iH-
JMYKOBaHMI amonTo3, MpUrHiueHHs KiHa3 pocTty MAP i
p70S6K Ta poswerienHss PARP. Ognak, 1L-6 He iHridye

death (apoptosis), which regulates the survival of
tumor cells. Apoptosis markers are also of interest as
prognostic factors for evaluating the effectiveness of
treatment and predicting the likelihood of compli-
cations associated with the effect on healthy cells, in
particular the lymphoid line, IR.

Various markers are used to detect molecular
changes that occur during the process of apoptosis
[12], in particular annexin V/PI and caspase-3. The
results of the study [12] indicate a heterogeneous
response of tumor cells to the action of the death
ligand TNF-o. in combination with irradiation. The
number of cells undergoing apoptosis differs signif-
icantly between the annexin V/PI and caspase-3
endpoints. The study of the peculiarities of the
influence of factors on the cells of the lymphoid line
SU-DHL-4 showed that TNF-o. moderately affect-
ed the intensity of apoptosis (the analysis was car-
ried out using both markers — annexin V and cas-
pase-3). At the same time, irradiation led to a 60 %
increase in the number of cells that entered apopto-
sis (using annexin V labeling) and a 50 % increase in
cells when a marker of the caspase-3 process was
used.

Conducted studies [ 13] have shown that under the
influence of stressogenic factors, sress-activated
protein kinases (SAPK), also known as c-jun
amino-terminal kinases (JNK), are activated. This
also occurs in response to the action of various
endogenous factors, including cytokines, and, in
particular, TNF-o. [13]. Although all of the above
factors initiate apoptosis, the question of the need
for SAPK/JNK activation to initiate this process in
PCM substrate cells requires further study. The
study [13] showed that IR and a corticosteroid (dex-
amethasone) induce apoptosis in myeloma cell lines
as well as in patient-derived plasma cell substrates.
Initiated IR apoptosis is the result of the activation
of SAPK/JNK and p38 kinase, in contrast to dex-
amethasone-induced apoptosis, which is not asso-
ciated with activation of stress kinases. In addition,
dexamethasone-induced apoptosis is accompanied
by a significant decrease in the activity of mitogen-
activated protein kinase (MAPK) and p70S6K.
Both IR and dexamethasone promote the cleavage
of poly-ADP ribose polymerase (PARP), an event
characteristic of apoptosis. Another cytokine, inter-
leukin-6 (IL-6) inhibits dexamethasone-induced
apoptosis, inhibition of MAP and p70S6K growth
kinases, and PARP cleavage. However, 1L-6 does
not inhibit IR-induced apoptosis, SAPK/JNK acti-
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IB-innykoBaHuii anonro3, aktuBauiio SAPK/JNK i po3-
werieHHs1 PARP. TakuM 4yMHOM, MOKa3aHoO, 110 iCHYE
IBa amoONTOTUYHMX cuTHambHMX nursixu: SAPK/JNK-
acouiiioBaHuii, KUl iHAYKyeTbesd IB i Ha gxkuii He
pruiBae 1L-6, ta SAPK/JNK-He3anexxHMiA, SKUi iHIy-
KYETbCS JIeKCAaMETa30HOM, TOB’SI3aHWI 3i 3HUKEHHSIM
perynsii MAPK Tta p70S6K Ta iHrioyerscs 1L-6.

Hocnimxenns [14] mano Ha MeTi BUBYUTH CHUHEp-
TiYHUH eheKT TUPKYIIPHO peapaHkoBaHoro (circularly
permuted) TRAIL (CPT) — niranna, skuii innykye TNF-
3anexuuii aronTto3 (Tumor necrosis factor related apop-
tosis inducing ligand)), Ta uukionamiHy (reMmocTaTuy-
HUI, aHTiIOMPOTEKTOPHMIA 3aci0) 1mogo mposidepalii Ta
anonTto3y KJIiTuH Mienomu. TRAIL Mox OyTu rmepcrek-
TUBUM MOPOTOTUIIOM Iipemnapaty mjs JikyBaHHs [TKM.
Pesynbrat gocnimkeHHST ToKaszaiau, IO iHTIOYIOUMit
BIUIMB ILIMKJIONaMiHy Ha Tposicdepalito aiHiii RPMI-
8226 1 SKO-007 xJIiTUH Mi€JIOMU JIIOAUHU OYB CIa0KUM.
Knitunau ninii RPMI-8226 6ynu uytausi 1o CPT, ogHak
npouidepauis kiaitnH SKO-007 He Oyi1a e(heKTUBHO CyII-
pecoBanHa CPT. Takum ynHoM, kiituHu SKO-007 Oyno
PO3LIiHEHO K CTiliKi 10 HUKIJIONAaMiHy Ta XUMEPHUX aH-
TUTeHHUX petenTtopiB (chimeric antigen receptor, CAR) i
BUKOpUCTaHi [14] B momaiblIoMy JJIsI OLIHKW iX CH-
HEPTiYHOIo BIUIMBY Ha KJIITUHU Mi€JIOMM IIi€il JiHii. byno
MOKa3aHo, 110 KoMOiHOBaHa i uukiaonamiHy ta CAR
OOYMOBJIIOE 3HAUHE MPUTHIYCHHS Tpoidepalrii KIiTuH
ninii SKO-007. LuknonaMiH MOCUJIIOBAaB iHAYKOBaHUIA
CAR anonTo3 y kiitnHax SKO-007 i neMoHCTpyBaB CH-
HepreTUYHY iHAYKI1il0 anonTo3y B noeaHaHHi 3 CAR, 110
TMIPU3BOINIIO IO 3MEHIIIEHHS 00’ emy myxyimHu. KinbKicHa
rnoJyliMepas3Ha JIaHIIOTOBa peakliisl moKasaja, 10 IIUKJIO-
namiH 3H1Xye piBHi ekcripecii MPHK GLI1/GLI2/GLI3
i miaBuILYe piBHI eKcIpecii peuenTopa cMepti 4. Y3a-
TaJIbHIOIOYM OTPUMaHi B JAHOMY €KCIIEpUMEHTAJIbHOMY
JMOCTiIKEHHI pe3y/IbTaTh, BU3HAUEHO 111€ OIMH ITepCIeK-
TUBHUIA TUISX iHTiOyBaHHS Tposideparlii Ta iHIyKIii
arorTo3y B KJIITUHAX Mi€JIOMMU.

BaxnuBum acnektom naroreHesy IIKM € HasiBHICTb
noaiMopdi3My TeHiB LIUTOKiHiB, X POJb SIK IMPOTHOC-
TUYHUX YUHHUKIB TTepediry 3aXBOpIOBaHHS MiATBEPIXE-
HO B gochimkeHHi [10]. TIpoBeaeHO BUBYEHHS 3B’SI3KY
MiX TT0JTiMOP(PHUMU BapiaHTaMU T€HiB PSIY IMTOKIHIB,
y ToMy uucii — TNF-o. ta [FN-y, KJiHIYHUMU XapakTe-
PUCTUKAMM i TIPOTHO30M IMepediry 3axBOPIOBAHHS Y
MAaLi€HTIB, SIKi BOEplIe OTPUMYBaJIM HOBI TepaneBTUYHI
nperapaty. Beranosneno, mo renotunt AG, acoliiioBa-
HUi1 3 BUCOKOIO ekcripeciero reHa TNF-o. (-308), BusB-
JigBcs 3HayHo vactiwe (p = 0,019), a renotun GG, aco-
LifoBaHU1 3 HU3bKOIO ekcrpeciero reHa TNF-o (-308),
y xBopux Ha [TKM 3ycTpiuaBcst 3Ha4HO pialie y 3icTaB-

vation, and PARP cleavage. Thus, it is shown that
there are two apoptotic signaling pathways:
SAPK/JNK-associated, which is induced by IR
and is not affected by IL-6, and SAPK/JINK-inde-
pendent, which is induced by dexamethasone,
associated with the downregulation of MAPK and
p70S6K and is inhibited by I1L-6.

Research [14] was aimed on investigating the
synergistic effect of circularly permuted TRAIL
(CPT) — ligand, which induces TNF-dependent
apoptosis (Tumor necrosis factor related apoptosis
inducing ligand)), and cyclopamine (hemostatic,
angioprotective agent) on the proliferation and
apoptosis of myeloma cells. TRAIL may be a
promising prototype drug for the treatment of
PCM. The results of the study showed that the
inhibitory effect of cyclopamine on the prolifera-
tion of RPMI-8226 and SKO-007 human myelo-
ma cell lines was weak. RPMI-8226 cells were sen-
sitive to CPT, but the proliferation of SKO-007
cells was not effectively suppressed by CPT. Thus,
SKO-007 cells were considered resistant to
cyclopamine and CAR and used [14] in the future
to evaluate their synergistic effect on myeloma
cells of this line. It was shown that the combined
action of cyclopamine and SAR causes a signifi-
cant inhibition of the proliferation of cells of the
SKO-007 line. Cyclopamine enhanced CAP-
induced apoptosis in SKO-007 cells and demon-
strated synergistic induction of apoptosis in com-
bination with CAP, leading to a reduction in tumor
volume. Quantitative PCR showed that cyclo-
pamine decreases GLI1/GLI2/GLI3 mRNA ex-
pression levels and increases death receptor 4
expression levels. Summarizing the results ob-
tained in this experimental study, one more prom-
ising way of inhibiting proliferation and inducing
apoptosis in myeloma cells has been determined.

An important aspect of the pathogenesis of PCM
is the presence of cytokine gene polymorphisms,
their role as prognostic factors in the course of the
disease was confirmed in a study [10]. The relation-
ship between polymorphic gene variants of a num-
ber of cytokines, including TNF-o. and /FN-y, clin-
ical characteristics and the prognosis of the disease
in patients who received new therapeutic drugs for
the first time was studied. It was established that the
AG genotype, associated with high expression of the
TNF-o. gene (-308), was found significantly more
often (p = 0.019), and the GG genotype, associated
with low expression of the TNF-o. gene (-308), was
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JieHHi 3 KoHTtpoJjieM (p = 0,012). Otpumani [10] pe3yib-
TaTH CBimuaTh, 10 AG reHotun reHa TNF-o (-308) i TT
reHotun reHa [FN-y (+874) noB’s3aHi 3 pU3UKOM
ITKM, Ha BigMiHy Bin mosiMopdi3MiB iHIIMX TOCTiI-
JKyBaHUX IUTOKiHIB (transforming growth factor beta-1
(TGF-B 1), inTepneiikiny-6 (/L-6) ta intepieiikiny-10
(IL-10)).

3 ypaxyBaHHSIM IIpeACTaBA€HUX BUILE JaHUX IIOI0
poJii LIMTOKiHIB y BUHUKHEHHI i epebiry [TKM, oue-
BUOHA IXHSI pOJIb IK YMHHUKIB, 110 MOXYTh BIIUBATU
Ha e(EeKTUBHICTH JIIKyBaHHS ITaHOTO 3aXBOPIOBAHHSI.
Ha crorogni criektp metoniB aikyBaHHs [TKM moc-
TaTHBO IMMPOKUM. OgHaK, He3BaXaloud Ha YCITiXW,
SKUX OyJIO JOCSITHYTO, OTPMMAaHHSI MOBHOI peMicii y
MNali€HTIB 3aIMIIAETHCS CKIaJIHOK npoobaemoro [15].

OIHUM i3 MEepCNeKTUBHUX CYYaCHUX METOMIB JIiKy-
BaHHs [TKM € ayTojioriyHa TpaHCILJIaHTallisl CTOBOY-
poBux remomnoeTudyHux KiaiTuH (ATI'CK), edex-
TUBHICTh KOl TaKOX MEBHOK Mipow 0O0yMOBJIeHA
B3aEMOJIIEI0 IIUTOKIHIB 3 MiKpOCepeIoBUIIIEM KiCTKO-
Boro Mo3ky (KM) mamuieHTiB [16]. OckisbKY aHi 1110-
JIO0 KOpeJisiLii piBHIB LIMTOKiHIB 3 INMIMOMHOIO BiAIOBiAi
Ha JIiKyBaHHSI MiCJIsl IPOBEAEHHS TpaHCILIaHTaLlii 00-
MeXeHi, I OLIHKM e(eKTUBHOCTI MPOBEIEHHS
ATT'CK i TpuBajIoCcTi OTpUMaHOI peMicii y XBOpUX Ha
ITKM 6y10 BUBYEHO B3aEMO3B’SI30K KJIiHIYHMX XapaK-
TePUCTUK Mepediry 3aXBOPIOBAHHS 3 pPiBHEM PsIAy LIM-
TOKIiHiB y mepudepuuniit kposi (I1K) i KM [16].

B perpocnektuBHOMY mociimkeHHi [16] ormiHeHO
piBHi Tprox 1uToKiHiB (TNF-o,, TGF-B1 Ta IFN-y) y
cyMimi nepudepuIHNX TeMOTIOeTUYHNX CTOBOYPOBUX
kiituH (peripheral hematopoietic stem cells, PHSC),
OTpUMMaHUX MeETOoIOM Jelikodepesy, y IMali€HTIB 3
ITKM, ki Oya1u nepcrneKTUBHUMHU KaHAUIATAMM IS
ATTCK. IlpoanamizoBaHO 3B’SI30K piBHIiB LIMX LIM-
TOKiHIiB 3 PSIOM KJiHIKO-TeMaTOJIOTIYHUX XapaKTe-
PUCTUK MAalli€HTIB: KiIbKicTIO MoOimtizoBanux PHSC
CD34" KJIiTMHU/KT, CTaIi€lo 3aXBOPIOBAHHS, BiIIO-
BiAI0 Ha Teparllito. Y Mali€eHTiB, sIKi BTpaTUIU IJIMOU-
HY BiAmoBimi (KIiHiUHY peMmicilo) Ha TPEeThOMY MicsIIi
nicist ATTCK, ninBunysascst piBeHb [FN-v, Toqi SIK y
THX, XTO TOCSTHYB Kpauloi Binnosizi, pieHb [FN-y 3a-
JminaBcs HU3bKUM. IIpu oLiHLI 3arajibHO1 BUXKMBa-
HOCTi 1 BWXHMBAHOCTI 0e3 mporpecyBaHHS Micasa
ATTCK He BUSIBJIEHO CTaTUCTMYHO 3HAYYIIOI KOpe-
nsuii 3 BMictom TNF-o ta TGF-f1.

Cknagnicte nmikyBanHs [IKM 3ymoBmma HeoOXim-
HICTb MPOBEIEHHSI aKTUBHUX ITOLIYKiB, CIPSIMOBAHUX
Ha po3poOKYy HOBUX HAIPSIMKiB i KOHKPETHUX LISIXiB,
CIPSIMOBAHUX Ha MiABUILEHHS €(PEKTUBHOCTI JIiIKyBaH-
Ha [TKM. OgHnM i3 Takux ITIXOMiB € 3aCTOCYBaHHS

found in PCM patients significantly less often com-
pared to the control (p = 0.012). The results obtained
[10] indicate that the AG genotype of the TNF-o. gene
(-308) and the 7T genotype of the /FN-ygene (+874)
are associated with the risk of PCM contrary to poly-
morphisms of other studied cytokines i.e. transform-
ing growth factor beta-1 (7GF-BI), interleukin-6
(IL-6) and interleukin-10 (/L-10).

Taking into account the data presented above
regarding the role of cytokines in the occurrence and
course of PCM, their role as factors that can influence
the effectiveness of the treatment of this disease is
obvious. Today, the range of PCM treatment methods
is wide enough. However, despite the successes that
have been achieved, receiving the complete remission
in patients remains a difficult problem [15].

One of the perspective modern methods of PCM
treatment is autologous hematopoietic stem cell
transplantation (ATHSC), the effectiveness of which
is also determined to some extent by the interaction
of cytokines with the microenvironment of the bone
marrow (BM) of patients [16]. Since the data on the
correlation of cytokine levels with the depth of the
response to treatment after the transplantation are
limited, in order to assess the effectiveness of ATSC
and the duration of remission in PCM patients, the
relationship between the clinical characteristics of
the course of the disease and the level of a number of
cytokines in the peripheral blood (PB) and BM was
studied [16].

In a retrospective study [16] the levels of three
cytokines (TNF-a, TGF-B1, and IFN-y) were eval-
uated in a mixture of peripheral hematopoietic stem
cells (PHSC) obtained by leukapheresis in patients
with PCM who were promising candidates for
ATHSC. The relationship between the levels of these
cytokines and a number of clinical and hematologi-
cal characteristics of patients was analyzed: the
number of mobilized PHSC CD34* cells/kg, the
stage of the disease, response to therapy. Patients
who lost the depth of response (clinical remission) at
the third month after ATHSC had increased IFN-y
levels, while in those who achieved a better response,
IFN-y levels remained low. When assessing overall
survival and progression-free survival after ATHSC,
no statistically significant correlation with the con-
tent of TNF-o and TGF-B1 was found.

The complexity of PCM treatment necessitated
active research aimed at developing new directions
and specific ways to improve the effectiveness of PCM
treatment. One of these approaches is the use of the
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HoBiTHROI CAR-Ts (chimeric antigen receptor T-cells)
TexHoJIoril. YncIeHHUMU JOCTiIKEeHHSIMU TTI0Ka3aHo, 1110
T-xmitnHAM penentop xumepHoro antureHy, CAR-Ts, €
MEPCIEKTUBHOIO CTpaTerielo IS JIIKyBaHHSI OaraThbox
BUJIiB 3JIOSIKiICHUX 3aXBOpIOBaHb, y ToMy uucii [IKM, ska
XapaKTepu3yeTbcsl BUCOKOIO ekcrpeciero CD38 [17]. AB-
TopaMu Oyl10 po3po0JIeHO HOBUI Pi3HOBUI HAaHOTiIA
npotu CD38 — CD38-CAR. CD3" T-kJIiTHHM 310pOBUX
Joaei TpaHcaykyBanu 3a gonomororo CD38-CAR 3
edekTuBHicTIO TTOHaM 60 %, 1110 OYIJI0 TNTBEPIKEHO Me-
togom TipoTouHoi urtoMeTtpii. CD38-CAR-Ts edpekTnB-
HO mpoJtipepyBaiv Ta, 3a iX aKTUBALlil, CHHTEe3yBaJIk OiJlb-
1Ie Mpo3anaJIbHUX LIUTOKIHIB, Takux sIK [L-2, IFN-y Ta
TNF-o. ITokazaHo, mo CD38-CAR-Ts 0yiu echeKTUBHU-
MU 110710 Jiizucy cyoctparHux kiitnud CD38*, Bkioyaro-
Yy KJIiTUHU JiHi mieazomu LP-1, RPMI 8226, OPM?2 i
MOLPS, a Ttakox cyOCTpaTHUX IJIa3MaTUYHUX KITITUH,
oTpuMaHux Bia xBopux Ha ITKM. B Toit xe yac, CD38-
CAR-Ts mpogBIistiy ayke HU3bKY UTOTOKCUYHICTD 10~
a0 CD38" ¢pakuiit T-kiuitiH, B-KIiTHH i IpUpoIHUX
KJIiTUH-KinepiB. TakuMm 4uHOM, 3actocyBaHHs CD38-
CAR-Ts, acouiifoBaHux 3 HaHOTiIoM aHTU-CD38, Moxe
OyTU MePCIeKTUBHUM TTigxoaoM 1o JikyBaHHs [TKM [17].
IMomanbimMu gocTimKeHHSIMI 0YJ10 MMOKa3aHo, 1110 ITPU
JikyBaHHi CAR-T-KJIiTMHaMM, OCHOBHUM CITpSIMyBaH-
HSIM € aHTUTeH no3piBaHHA B-ximitnH (B-cell maturation
antigen, BCMA), 1110 pUTHIYY€E 37T0SIKiCHO TpaHC(HOPMO-
BaHi IUIa3MaTWU4Hi KJIITMHU i CIIpUSE iX penykiiii y
MalieHTiB 3 peuuanBoM/pedpakrepHoro [TKM [18]. B no-
chimxeHHi [18] Oyn0 BUBYEHO e(DeKTUBHICTh 3aCTOCYBaH-
a1 CAR-T-ximitnHHOI Tepariii 3 BuKopuctanHsIiM BCMA y
MAalieHTIB came 3 Takolo hopMolo 3axBoproBaHHs. [Toka-
3aHO, 110 BaxkKJIMBY POJib Y MiATPMMAHHI pe3UCTEeHTHOCTI
cyOcTpaTHMX KIIITHH Bimirpae TGF-B, sikuit TIOB’si3aHWIA 3
TNF-o, i € baraTo(yHKIIIOHATbHIM ILIUTOKIHOM, €KCIIpe-
CYEThCSI HA BUCOKOMY PiBHi Ta CITpUsIE€ iMyHOCYIIPECUBHO-
MY BITIMBY Ha MiKpPOOTOUYEHHSI KiCTKOBOTO MO3KY Y XBOPUX
Ha ITKM, niaTpumylouu mnpoJjidepalilo NyXJIMHHOTO
kiony. IlosiBa permouBy ticas aikyBanHs CAR-T-xmitn-
HaMM OOyMOBJeHa 3HIKeHHSIM perynsanii BCMA Ha
KJIiTMHAX MieJloMu Ta/a0o 3 mosiBoro BCMA-HeraTuBHUX
KJIOHIB cyOcTpaTHUX KITHH [19—22]. OgHak, y KiJIbKOX
KJTIHIYHUX JOCIIKEHHSIX Y MalLi€HTIB TaKOX CIIOCTepira-
JIach BiJICYTHICTb BiITIOBIifi Ta peLIMAVBU, HE3BAXKAIOUM Ha
nocTiiiHy ekcripecito BCMA Ha cyOCcTpaTHMX ITa3MaTUy-
HuUX KiituHax [19, 23—25]. e cBinuuTh mpo Te, 1110 HeB-
nmada teparii CAR T-ximitmHaMu, MMOBipHO, MOXe OyTH
pe3yIbTaToOM HEIOCTATHBOI 1X €KCITaHCIi Ta MepPCUCTEHIIl,
BIICYTHOCTI CTiliKOCTi a00 BTpaTh €(PEeKTUBHOCTI Mii.
Astopu [18] npumycTUIM, 1O «3aXUILIEHi» Bia cympe-
cuBHuX edekTiB TGF-B BCMA CAR-T-kinituHu OynyTh

latest CAR-Ts (chimeric antigen receptor T-cells)
technology. Numerous studies have shown that T-cell
receptor chimeric antigen, CAR-Ts, is a promising
strategy for the treatment of many types of malig-
nant diseases, including PCM, which is character-
ized by high expression of CD38 [17]. The authors
developed a new type of nanobody against CD38 —
CD38-CAR. CD3" T cells from healthy individuals
were transduced with CD38-CAR with over 60 %
efficiency as confirmed by flow cytometry. CD38-
CAR-Ts efficiently proliferated and, upon their
activation, synthesized more pro-inflammatory
cytokines, such as /L-2, IFN-yand TNF-a. CD38-
CAR-Ts were shown to be effective in lysing CD38™
substrate cells, including myeloma cell lines LP-1,
RPMI 8226, OPM2, and MOLPS, as well as sub-
strate plasma cells obtained from PCM patients. At
the same time, CD38-CAR-Ts showed very low
cytotoxicity against CD38" fractions of T cells, B
cells and natural killers. Thus, the use of CD38-
CAR-Ts associated with an anti-CD38 nanobody
may be a promising approach to the treatment of
PCM [17].

Further studies have shown that in CAR-T-cell
treatment, the main target is B-cell maturation
antigen (BCMA), which inhibits malignantly
transformed plasma cells and promotes their
reduction in patients with relapsed/refractory
PCM [18]. In study [18] the effectiveness of
CAR-T cell therapy using BCMA in patients with
this form of the disease was studied. It was shown
that important role in maintaining the resistance
of substrate cells is played by 7GF-3, which is asso-
ciated with TNF-o and it is a multifunctional
cytokine, expressed at a high level and contributes
to the immunosuppressive effect on the BM
microenvironment in PCM patients, supporting
the proliferation of the tumor clone. The occur-
rence of relapse after treatment with CAR-T cells
is due to the downregulation of BCMA on myelo-
ma cells and/or the appearance of BCMA-nega-
tive clones of substrate cells [19—22]. However, in
several clinical trials, patients also experienced
non-response and relapse despite persistent
BCMA expression on the substrate plasma cells
[19, 23—25]. This suggests that the failure of CAR
T-cell therapy is likely to be the result of insuffi-
cient expansion and persistence, absence of the
stability or loss of effectiveness.

The authors of [18] assumed that «protected»
from the suppressive effects of TGF- BCMA
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CIIPUSTH MiABUIIEHHIO e(heKTUBHOCTI JikyBaHHs [TKM.
3 wmiero MmeToro OyJio po3pobsieHo HoBuii Tun BCMA
CAR-T-ximiTiH, 9Ki MaOTh BUCOKY CTiliKiCTb IO CYIIpe-
CMBHOI [JIii IbOTO IUTOKIiHY. «3axuiieHi» B2ARM CAR-
T-KAITUHY YCITIIITHO BUTPUMYBAJIX iHTiOyBaHHS, OITOCe-
penkoBaHe TGF-, i GLTBIIOI MipOIO CITPUSIIIN IeTpaHy-
JISIIl Ta 3HMILEHHIO KIITUH-MillleHe#l, cekpelil Lu-
TOKiHiB, 3a0e3MevyyBaTy HadiliHy aKTUBAaILlilo, e(heKTop-
Hy nudepeHlialio, MePCUCTeHIII0 Ta MOJi(pyHKIIiO-
HaJIbHICTh $IK in Vifro, Tak i in vivo. MoaudikoBaHi
B2ARM CAR-T-xiiTuHM 3HaYHO MPUTHIYYBaIN KITITH -
HU JiHii MieJoMun MM. 1S, 110 migTBEepAKEHO TPUBATUM
MOHITOPUHIOM IX LIUTOTOKCMYHOIO e(eKkTy, HaBiTb 3a
YMOB HasiBHOCTi BUCOKOTO BMicTy 7GF-B, Tomi IK IIMTO-
TOKCMYHA (PyHKIIS «He3axuieHnx» B2 CAR-T-xmitun
npurHivyBasiacb TGF-. BinnmosimHo, moka3zaHo, IO
micast TpyUBajol Mii Ha CyOCTpaTHi KJIITMHU B MPUCYT-
Hocti TGF-B, B2ARM, CAR-T-kiitau Oyniu 36aravyeHi
Granzyme B, CD107a, Ki67 i nonidyHKUioHAIbHUMUA
T-xniTuHamu, ki Oyau MOABIMHO ab0 MOTPIHO MO3U-
TuBHi 1 [FN-y, IL- 2 ta/abo TNF-o., 110 miaTBepaxe-
HO pe3yJbTaTaMu MPOTOYHOI LIUTOMETPII.

B excrrepnmenTi [ 18] Oyito mokasaHo, 10 Y MUTIIEH JTiHii
NSG, xinitnnu JiHii RPMI-8226 sikux HagMipHO eKcIipe-
cyBaim TGF-P, B2ARM CAR-T-x71iTuHU orocepeakoBy-
Bau 100 % BinTOprHeHHS KJITUH MyXJIMHU Ta CIOPUSIIA
KpallloMy BMXXWBAaHHIO TBapWH BHACJiJOK BUILIOI iH-
(inbTpalii myxJauH Ha 7-1 aeHb miciis dikyBaHHsT CAR-T-
kiitnHamu (% CD3*CARY) i Ginbiioi ekcrpecii /FN-y,
TNF-o, Ki67, Granzyme B i PD-1 nopiBHSIHO 3 «He3aXu-
meHnmMn» B2 CAR-T-xmituHamMu. Y3arajabHIOIOYM OTPU-
MaHi J1aHi, IToka3aHo, 1o «3axuiieHi» B2ARM CAR-T-
KJIITUHU 3a0e3MeuyloTh BUCOKY CTiiiKicTb, Tposidepa-
Lito, 6araroyHKIiOHAIBHICTb, e(DeKTOPHY AuepeHLi-
alilo Ta NPOTUITYXJIMHHY (DYHKIIiIO B JOKJIiHIYHUX MOJE-
nsix [TKM, ogHovacHo ckacoBytoun 7GF-B-onocepenko-
BaHy cympecito. TakuMm 4uHOM, <«3axulleHi» B2ARM
CAR T-kJIiTUHU [i10Th OibII €(PEKTUBHO i MAIOTh Tepe-
BarM MOpu JIiKyBaHHI JAHOTIO 3aXBOPIOBAHHSI, OCKiJIbKU
3HaYHO 3MeHuIyITh TGF-B-onocepenkoBaHUil BIUIMB
MiKpocepeIoBUIlla Ha CyOCTpaTHI KJIIITUHUA Mi€JIOMH.

IlincyMoBy0UM yce BUILEBUKIIAACHE, IPOBEICHUIA
aHaJli3 JaHUX JliTepaTypy CBiIUYWTb, 110 NATOT€HETUYHI
MexaHi3Mu BUHMKHeHHS [TKM 3yMoBieHi KOMILIEeKC-
HUM BIUIMBOM HECIIPUSITIMBUX €KOJOTiYHMUX YMHHUKIB
30BHIIIIHBOIO CepeaoBulla, BKIouvarouu 1B, y B3aeMo-
3B’SI3KY 3 CHIOTeHHUMH (paKTOpaMU — TOPYUICHHSIMM
(byHKIIIOHYBaHHSI MepexXi IIUTOKiHiB, 30Kkpema TNF-o.,
1o 3abe3nevyye B3aEMOJiI0 iIMYHHOI CHUCTEMM i3 CyO-
CTPaTHUMM IIa3MaTUIHUMU KiiTMHaMu. He3Baxaioun
Ha CKJIaJIHICTb MeXaHi3MiB, SIKi 3yMOBIIOIOTb PO3BUTOK

CAR T-cells will contribute to increasing the
effectiveness of PCM treatment. For this purpose
it was developed a new type of BCMA CAR-T
cells that are highly resistant to the suppressive
effect of this cytokine. «Protected» B2ARM CAR
T-cells successfully withstood 7GF-B-mediated
inhibition and promoted degranulation and kil-
ling of target cells to a greater extent, cytokine
secretion, robust activation, effector differentia-
tion, persistence and polyfunctionality both in
vitro and in vivo. Modified B2ARM CAR-T cells
significantly inhibited the MM.1S myeloma cell
line, which was confirmed by durable monitoring
of their cytotoxic effect, even in the presence of
high 7GF-B, while the cytotoxic function of
«unprotected» B2 CAR-T cells was inhibited by
TGF-B. Accordingly, it was shown that after pro-
longed exposure to substrate cells in the presence
of TGF-B, B2ARM, CAR T cells were enriched
for Granzyme B, CD107a, Ki67 and polyfunc-
tional T cells that were double or triple positive for
IFN-y, IL-2 and/or TNF-o., as confirmed by the
results of flow cytometry.

Experiment [18] showed that in RPMI-8226
NSG mice overexpressing 7TGF-, B2ARM CAR-T
cells mediated 100 % tumor cell rejection and
improved animal survival due to higher tumor
infiltration at day 7 after CAR T-cells treatment
(% CD3*CAR™) and higher expression of /FN-,
TNF-o, Ki67, Granzyme B and PD-1 compared
to «unprotected» B2 CAR-T-cells. Summarizing
the obtained data, it is shown that «protected»
B2ARM CAR-T cells provide high resistance,
proliferation, multifunctionality, effector differen-
tiation and antitumor function in preclinical mod-
els of PCM, while abrogating 7GF-B-mediated
suppression. So, «protected» B2ARM CAR T-cells
act more effectively and have advantages in the
treatment of this disease, because significantly
reduce TGF-B-mediated effects of the microenvi-
ronment on substrate cells of myeloma.

Summarizing all of the above, the analysis of lit-
erature data shows that the pathogenetic mecha-
nisms of the occurrence of PCM are caused by the
complex influence of adverse environmental fac-
tors, including IR, in conjunction with endoge-
nous factors — dysfunctions of cytokine networks,
in particular TN F-o,, which ensures interaction of
the immune system with substrate plasma cells.
Despite of the complexity of the mechanisms that
lead to the development of PCM, the emergence
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ITKM, mosiBy pe3MCTeHTHOCTI B Mpollecii ii JikyBaHHs,  of resistance in the process of its treatment, new
Ha ChOTOAHI aKTUBHO PO3POOJISIIOTHCS HOBI HalpsIMKM ~ ways of solving this problem are being actively
BUpIIIEHHS gaHoi rmpobiemu. BnpoBamxkenHsa HoBiTHiIX  developed today. Implementation of the latest
texHoJioriii, 3okpema CAR-T-kmiTuHHOI Tepamii, € technologies, in particular CAR-T cell therapy is
MEePCIeKTUBHUM METONIOM JIiIKyBaHHS ILIbOTO 3axBopio-  promising method of treatment of this disease,
BaHHS, 110 AO3BOJIMTH MOIOBXWTU TPUBANIICTh XKUTTS  which will prolong the life expectancy of this cate-

JIaHOT KaTeropii Mawi€eHTiB. gory of patients.
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