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IIUTOKUHOBBIN CTAaTyC 0OJIBHBIX XPOHUYECKUM MHUEJI0JIENKO30M
T.H. Anekcanaposa’, A.C. Jlamkuna!, E.C. Muxaiiosa® 2, A.1. Ayrennuttoc® 2, T.U. [Tocneosa*

'@I'OY BO «Hogocubupckuil 2ocydapcmeeHHtbiilt meduyuHckuil yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccusa

2@I'BHY «®edepanvHblil uccaedosamenvckuil yenmp GyHoameHmanbHol U mpaHCALYUOHHOU MeOUYUHbBL»,
Hosocubupck, Poccus

AHHOTAIIA

BBemeHnue. V3MeHeHHE CEKPEIIUH IIUTOKUHOB OMUCAHO IIPU MHOTHUX BapHaHTaX 3JI0KAYECTBEHHBIX HOBOOOpa-
30BaHUHU. fBIAACH KIIOUEBBIM MEINATOPOM MEKKJIETOUHBIX B3AUMO/IEHCTBUI, OHU MOTYT BHOCUTH BKJIQ/l B PAa3BUTHE
PE3UCTEHTHOCTA K BO3JEHCTBHUIO TAPTETHHIX U IIUTOCTATUYECKUX IPENApPATOB IIPU XPOHUYECKOM MUEJIOJIEHKO3e
(XMT).

Il e 1 5. OueHUTh B3aNMOCBA3b MEXK/Y ITOKa3aTeIsIMH ITUTOKMHOBOTO CIeKTpa y marueHToB ¢ XMJI u adgdexkTuBHO-
CTBIO TAPTeTHOU Tepanuu uHruouropamu tuposnnkuHas (MTK).

MaTepuans U MeTO/]B5B . [IpoBefeHO KOJIMUECTBEHHOE OIpe/ieieHre KOHI[EHTPAIIUH CAeAYIOIINX IIUTO-
kuHOB — TNF-q, IL-10, IL-2, IL-4, IL-6, IL-10, IL-18, IFN-a B cbiBOpoTKe KpoBH 60s1bHBIX XMJI (n = 60) U YCJIOBHO 3/10pO-
BBIX JIUI[ — JIOHOPOB KPOBH (n = 22) ¢ MOMOIIbI0 UMMyHObepMeHTHOTO aHanu3a (UDA). ®azy 3ab6oeBaHUA U TIIYOUHY
oTBeTa ompeaensu mo kpurepusm European Leukemia Net 2020 1. Crpatudukarusa 60apHbx XMJI 110 TpyIIIam pucka
npousBoamIach mo mikaaam Sokal (1984), EUTOS long-term survival (ELTS) (2016). 'emaTosioruueckasi 1 HETeMaTOJIOTH-
YyecKasi TOKCUYHOCTh OIIEHUBAJIACh IO IITKaJIe HeKeJIaTebHbIX ABaeHni HanunonanpHoro nHerutyTa paka (NCI CTCAE
v.5.0, 2017).

PesyanbTarthl . YCTAHOBJIEHO, YTO KOHI[EHTPAI[US HEKOTOPHIX M3yYaeMbIX IIUTOKUHOB B TpyIiie OOJIbHBIX
XMJI 6bly1a TOCTOBEPHO BHIIIE IO CPABHEHHUIO ¢ KOHTPOJAbHOU rpynmnoii: TNF-a — 2.80 u 0.70 ur/mi, p < 0.001,
IL-6 — 3.10 1 0.70 ur/mu1, p < 0.001, IL-18 — 296.40 1 122.10 ur/mJ, p < 0.001, IL-10 — 5.15 1 0.95 r/mi, p < 0.001,
IFN-a — 5.60 u 4.00 1r/mii, p = 0.006 coorBeTcTBeHHO. Cpeiu 60bHBIX XMJI ypOBEHD IIUTOKUHOB BaphbUPOBAJI B
3aBUCUMOCTH OT YPOBHA MoJieKyasapHoro orBeta U Buza UTK. BosbHbIe, He ocTUTIIIHE OOJIBIIOTO MOJIEKYISAPHOTO
otBeta (BMO), xapakTepu30BaJKCh JOCTOBEPHO OOMbIUM ToBBIIeHHEM cekperuu TNF-a, IL-6 u IL-1p (6.65 u
2.30 ur/mi, p = 0.004, 9.40 u 2.80 ur/mi, p < 0.001, 3.69 u 0.88 ur/mi, p = 0.004 COOTBETCTBEHHO) II0 CPABHE-
HUIO ¢ 60spHBIMEU ¢ BMO. OnHako TOAbKO IL-6 SBJISIJICA CTATUCTUYECKH 3HAYMMBIM ITPOTHOCTUYECKUM (PaKTOPOM,
BAUAIOIUM Ha goctukeHue BMO (oTHomleHHWe MIAHCOB — 1.131, JIOBEPUTEJNBHBIA HHTEPBaI — 1.015—1.260,
p = 0.025). Cpeau 6OJIBHBIX, TOJIYUAOIIUX TEPATUI0 UMaTHHIOOM, ypoBeHb TNF-a 0Ka3ajicsi HUKe 110 CPaBHEHUIO
¢ 60JIBHBIMU, MTOJIYYAKIIUMU HUJIOTUHUO, 1a3aTUHUO 1 603yTHHUO (2.10, 4.00, 6.85 U 4.25 IIT/MJI COOTBETCTBEHHO,
p = 0.013).

3akKkJJo4YeHUe. Pesynbrarel UcCIeOBAaHUA IIPOJIEMOHCTPUPOBAIN NoBhIIeHue cekperuu TNF-a, IL-6, IL-18,
IL-10 u IFN-a y 6016Hb1x XMJI, 4TO MOKET YKa3bIBATh HA UX BAXKHYIO POJIb B MexaHu3Max naroreHe3a XMJI. Y G0JIbHBIX,
He mocruriux BMO, BeisiBsieHbl Oosiee Boicokue ypoBHH TNF-a, IL-6 u IL-1, npu sTom IL-6 SBIAJICSA CTATHCTUYECKH
JIOCTOBEPHBIM (PAaKTOPOM, BJIHUSAIONIUM Ha ocTmkernrne BMO.

Kmuioueeble cnr06ea: XpOHUYECKUH MUEIOIEHKO03, HHTUOUTOPHI THPO3UHKUHAZ, IIUTOKUHEI.
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Cytokine profile of patients with chronic myeloid leukemia
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ABSTRACT

Introduction. Altered cytokine secretion has been described in many types of cancer. Being a key mediator of
intercellular interactions, they can contribute to the development of resistance to targeted therapy and cytostatic drugs in
chronic myeloid leukemia (CML).

Aim. To evaluate the relationship between cytokine spectrum indicators in patients with CML and the effectiveness of
targeted tyrosine kinase inhibitors (TKI) therapy.

Materials and methods. Quantitative determination of the concentration of cytokines TNF-a, IL-1j3, IL-2,
IL-4, IL-6, IL-10, IL-18, IFN-a in blood serum of patients with CML (n = 60) and apparently healthy blood donors (n = 22)
was carried out using enzyme-linked immunosorbent assay (ELISA). The phase of the disease and the depth of molecular
response were determined according to criteria of the European Leukemia Net 2020. Stratification of CML patients by risk
groups was carried out according to the Sokal (1984), EUTOS long-term survival (ELTS) (2016) scores. Hematological and
non-hematological toxicity was assessed according to the National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE v.5.0, 2017).

Results. It was found that the serum concentration of a number of cytokines in the group of patients with CML was
significantly higher compared to the control group: TNF-a — 2.80 and 0.70 pg/ml, p < 0.001, IL-6 — 3.10 and 0.70 pg/ml,
p < 0.001, IL-18 — 296.40 and 122.10 pg/ml, p < 0.001, IL-10 — 5.15 and 0.95 pg/ml, p < 0.001, IFN-a — 5.60 and
4.00 pg/ml, p = 0.006, respectively. Among patients with CML, the level of cytokines varied depending on the level of
molecular response and the type of TKI. Patients who did not achieve a major molecular response (MMR) were character-
ized by a significantly greater increase in the secretion of TNF-q, IL-6 and IL-1f (6.65 and 2.30 pg/ml, p = 0.004, 9.40 and
2.80 pg/ml, p < 0.001, 3.69 and 0.88 pg/ml, p = 0.004, respectively) compared with patients with MMR. However, only
IL-6 was a statistically significant prognostic factor influencing the achievement of MMR (odds ratio 1.131, confidence
interval 1.015-1.260, p = 0.025). Among patients receiving imatinib therapy, the level of TNF-a was lower compared to
patients receiving nilotinib, dasatinib and bozutinib (2.10, 4.00, 6.85 and 4.25 pg/ml, respectively, p = 0.013).
Conclusion. Theresults of the research demonstrated increased secretion of TNF-a, IL-6, IL-18, IL-10, and IFN-a
in CML patients, which may indicate an important role in the pathogenesis of CML. TNF-a, IL-6, and IL-1 levels were
higher in patients who did not achieve MMR, and IL-6 was a statistically significant predictor the achievement of MMR.
Keywords: chronic myeloid leukemia, tyrosine kinase inhibitors, cytokine.
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BBE/IEHUE

I[IpuMeHeHVEe  WHTHUOUTOPOB  THPO3UHKHUHA3
(UTK) mpu xpoHmYeckoM Muesosenkose (XMJI)
ITO3BOJIMJIO Kap/IMHAJIBHO U3MEHUTh IIPOTHO3 32060-
JIeBaHUs, B pe3yJIbTaTe CPEIHsIA IPOJOJIKUTEb-
HOCTD KM3HU TaKHX OOJIBHBIX CTajia COIOCTaBHMAa C
OOIIENOMyIAIIMOHHON. Y OOJIBHBIX C XPOHUUYECKOU
dazoii (Xd) XMJI, mosyyaBIIUX TEPATHIO UMATUHH-
0OOM B IIepBOU JIMHUU, 10-JIETHAS OOIasi BbIKUBae-
MOCTh cocTaBisieT 82—85 % [1, 2]. OxHako, HECMO-
TpsA Ha BBICOKOcHenuduyeckoe BoszeicTeue, UTK
He CIOCOOHBI TOJTHOCTHIO 3JIMMUHHPOBATDH JielKe-
muyeckre cTBosIoBble KiaeTku (JICK), mostomy B
HacTosIIIee BpeMs OOIBIITMHCTBO MAITUEHTOB HYKa-
eTcsl B MOKU3HEHHOH Tepamuu. IlepcucTupoBaHue

INTRODUCTION

The use of tyrosine kinase inhibitors (TKI) in
chronic myeloid leukemia (CML) allowed to radically
change the prognosis of the disease. As a result, the
average life expectancy of such patients became com-
parable to that of general population. In patients with
chronic phase (CP) of CML treated with imatinib as
first-line, the 10-year overall survival rate is 82—85%
[1, 2]. However, despite the highly specific effects,
TKI is not able to completely eliminate leukemic stem
cells (LSCs), so currently most patients need lifelong
therapy. The persistence of LSCs observed in 60% of
patients with an optimal response to TKI is one of the
mechanisms for the development of resistance to
therapy and disease progression [3, 4].
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JICK, Habsromaemoe y 60 % OOJIBHBIX C ONTHMAJIb-
HbIM oTBeToM Ha WUTK, ABisfeTcda ofHUM U3 Mexa-
HU3MOB Pa3BUTHUA PE3UCTEHTHOCTU K TEPANUU U
IporpeccupoBaHus 3a60seBaHus [3, 4].

B mHacrosmiee BpeMs MOJIEKYJSAPHBIE MeXa-
HU3MBI, PETYIUPYIONINE JIyOUHY dpaIUKAIUN OILy-
XOJIEBOTO KJIOHA, Maji0 U3ydeHbl. B TmociemHue
roZibl B paMKaxX IOWCKA HOBBIX TePaNeBTHUYECKUX
MUIIIeHeld u3y4daeTcsi poJjb UMMYHHON aucdyHK-
WY B maToreHe3e 3a00eBaHusA. B 310pOBBIX KiIeT-
KaX MMMYHOJIOTUUECKHUHA TOMeOCTa3 IMOJep KUBa-
eTCs MUTOKWHAMHY, CEeKPETHPYEMBIMU T'e€MOIIO3TH-
yeckuMu crBosioBbIMH KieTkamu (I'CK) u kiet-
KaMH KOCTHOMO3TOBOT'O0 MUKPOOKpY»keHust (KMM).
SABNAACH BAXKHBIM DJIEMEHTOM MEKKJIETOUHOTO
B3aUMOJIEHCTBUS, [IUTOKUHBI IPUHUMAIOT YIaCTHE
B PETyJIAIMU IIPoIleccoB mposudeparuu, agudde-
peHIupoBKY u anonro3sa [5]. IIpu Tpancdopmanmu
HOPMaJIPHOTO Te€MOII033a B abeppaHTHBIA ITUTO-
KHUHBI CIOCOOCTBYIOT MOAAEPIKAHUI0 MIposudepa-
THUBHOTO IIOTEHIIMAJIA  OIYXOJIEBBIX  KJIETOK-
MPENIIECTBEHHUKOB U II0J]aBJIEHUI0 ITPOTHUBOOILY-
X0JIEBOTO UMMYHHUTETA [ 5, 6].

HccertemoBanus MOCHEIHUX AECATUIECTHH CBHIE-
TEJIbCTBYIOT O TOM, UTO U3MEHEHUE CEKPEINH IHTO-
KHUHOB BHOCUT BKJIaJl B Pa3BUTHE MHOTHX 3JI0Kaye-
CTBEHHBIX HOBOOOPA30BaHUI, B TOM UKCJIE MHEJIO-
nponudepatuBHbIx Heormnasud (MIIH) [7]. /Toka-
3aHa CBA3b MEXKJY THUIIEpCEKpeIrell MPOBOCIAIN-
TEJIbHbIX ITUTOKMHOB M KOHCTHUTYIIHOHAJIbHBIMHU
CHMIITOMaMH, a TAKKE PICKOM Pa3BUTHS TPOMOOTH-
YeCKHUX OCJIOJKHEHU N npu KJIACCUYECKUX
Ph-ueratusubix MITH [8, 9]. OmHako mpejicraBiie-
HUA O POJIU MUTOKMHOB B natoredese XMJI HeogHO-
3HAYHBI. /13 OIbITAa HECKOJIBKUX HCCIIE0BATETbCKUX
TPYIII U3BECTHO, YTO B MEXaHU3MAaX Ipoirdeparunu
JIEHKEMHUYECKHUX KJIETOK MOTYT IPUHUMATH y4acTHe
IL-1, IL-2, IL-6, TGF-B u TNF-a [10]. Hanpuwmep,
6bL10 MoKazaHo, uTo TNF-a ctocobeTByeT BhIKHBae-
MOCTH 3JIOKQUECTBEHHBIX KJIETOK 3a CUET I10JIaBJie-
Hus mpoiieccos amontosa [11]. TGF-, TNF-a, IL-4 u
IL-10, saBassick aHTaroHucramu Oenxos MHC II
KJlacca, YJacCTBYIOT B MeXaHU3MaX YCKOJIb3aHUs
JICK ot ummyHHOTO Hazi3opa [6]. [unepakcnpeccus
peuentopa IL-1 (IL-1RA), TNF-a u TGF-§ na JICK
npu XMJI mo3BoJifieT KJIeTKaM NepCUCTUPOBATh B
COCTOSTHUH TIOKOSI U, CJIEZIOBATENIbHO, N30eraTh Tepa-
MIEBTUYECKOTO BO3AeHCcTBYA [12, 13]. Bosbiioi nuTe-
pec TpejicTaBsAOT nonbITkun KoMmbuHanmu MTK c
6JI0KaTOpaMM CUTHAJIbHBIX IIyTEH OIpezieeHHbIX
OUTOKWHOB JJIsI TIPEOJIOJIEHUSI PE3UCTEHTHOCTU K
Tepanuu. Ha sKcriepuMeHTaIbHBIX MOJIENIAX ObLIO
MIPOZIEMOHCTPHUPOBAHO, UTO COBMECTHOE IPUMEHe-
uue UTK u 6;10katopos IL-1, TGF-f u TNF-a mpuso-

Currently, the molecular mechanisms regulat-
ing the extent of eradication of a malignant clone
are poorly understood. In recent years, the role of
immune dysfunction in the pathogenesis of the
disease has been studied as part of the search for
new therapeutic targets. In healthy cells, immuno-
logical homeostasis is maintained by cytokines
secreted by hematopoietic stem cells (HSCs) and
bone marrow microenvironment cells (MMCs).
Being an important element of intercellular inter-
action, cytokines take part in the regulation of pro-
liferation, differentiation and apoptosis [5]. Dur-
ing the transformation of normal hematopoiesis
into aberrant cytokines contribute to the mainte-
nance of the proliferative potential of tumor pro-
genitor cells and the suppression of antitumor
immunity [5, 6].

Studies of recent decades indicate that altered
cytokine secretion contributes to the development of
many malignant tumors, including myeloprolifera-
tive neoplasms (MPNs) [7]. The relationship
between hypersecretion of proinflammatory cyto-
kines and constitutional symptoms, as well as the
risk of thrombotic complications in classical Ph-neg-
ative MPNs has been proven [8, 9]. However, the
ideas about the role of cytokines in the pathogenesis
of CML are ambiguous. It is known from the experi-
ence of several research groups that IL-1, IL-2, IL-6,
TGF-B and TNF-a can contribute to leukemic cell
proliferation [10]. For example, TNF-a has been
shown to promote the survival of malignant cells by
suppressing apoptosis [11]. TGF-p, TNF-a, IL-4 and
IL-10, being antagonists to MHC-II proteins, are
involved in LSCs evading of host immune surveil-
lance [6]. Overexpression of IL-1 receptor antago-
nist (IL-1RA), TNF-a and TGF-$ on LSCs in CML
allows cells to persist in a resting state and, conse-
quently, avoid therapy exposure [12, 13]. Of great
interest are the attempts to combine TKI with the
signaling pathways cytokine blockers to overcome
therapy resistance. It has been demonstrated in
experimental models that the combination of TKI
and IL-1, TGF-B and TNF-a blockers leads to an
enhanced eradication of the malignant clone com-
pared with only TKI therapy [14, 15].

Thus, at present, a comprehensive assessment of
the cytokine system is an urgent direction in the
study of BCR-ABL-independent mechanisms of
tumor progression and resistance to TKI.

AIM OF THE RESEARCH

To evaluate the relationship between cytokine
spectrum indicators in patients with CML and the
effectiveness of targeted TKI therapy.
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JIUT K OoJiee TUIyDOKOW B3PajUKAIIUU OILYyXOJIEBOTO
KJIOHA 10 cpaBHEeHHI0 ¢ MoHOoTepamueid U'TK [14, 15].

Takum o6pa3oM, B HACTOSIIee BPeMs KOMILIEKC-
Hasl OIlEHKA CUCTEMBI IUTOKUHOB SBJISIETCS aKTyaTh-
HBIM HampaBjeHueM B wusyueHum BCR-ABL-
HE3aBUCHMBIX MEXaHU3MOB OITyXOJIEBOM IpOrpec-
cuu u pesucreHTHOCTH K ITK.

IIEJIb UCCJIE/IOBAHUSA

OneHuTh B3aUMOCBA3b MEXAY IIOKa3aTeJIAMHU
IUTOKMHOBOTO CIIeKTpa y manueHToB ¢ XMJI u
addexTuBHOCTHIO TapreTHOU Teparuu UTK.

MATEPUAJIBI 1 METO/bI

B uccnenoBanue BKIIOYEHO 60 O0gbHBIX XMJI,
Habsromaromuxes B AY PCCA «PecnybsmkaHcKast
6onmpHuIla NO 1 — HanuoHaJIbHBIA IIEHTP Meau-
nuabl» (fxyrck) u I'BY3 HCO «Topoackas KIMHU-
yeckas OosibHUIIA N2 2» (HoBocuOUpCK), a Takke
22 YCJIOBHO 3/I0POBBIX IOHOPA B KAUECTBE KOHTPOJIh-
HOU rpymmbl. KpuTepusamMu BKJIIOUEHUS B HCCIIENO-
BaHUE SBJISUINCH: 1) nuarHo3 XMJI, moaTBep:k/ieH-
HBI B COOTBETCTBHU C PEKOMeHAANUAMU Bceemmup-
HOU OpraHM3aIliH 37[paBOOXpaHeHUs], 2016; 2) BO3-
pact crapmie 18 ser; 3) Hamu4uue JOOPOBOJIBHOTO
HHOOPMUPOBAHHOTO coryiacus. VcememoBanue ofo-
OpeHOo JIOKAJIBHBIM 3THYECKUM Komurerom OI'BOY
BO «HoBocubupckuil rocyzapCcTBeHHBIA MeUIIIH-
CKUU yHUBepcHuTeT» MuH3apaBa Poccun (IIpoToOKOI
Ne 129).

HcenenoBaHre MHUITUHPOBAHO B JieKabpe 2020 T.
Bcem 601bHBIM HAa MOMEHT BKJIIOUEHUS B HCCIIEIO-
BaHUeE BBIMTOJIHAIOCh KIHHUYECKOE 00CIe/TOBaHE, B
COOTBETCTBHU € KJIMHUYECKUMHU PEKOMEHJIAIUSIMHU
2020 T. [16]. Oupenenenve daspl 3a00I€BAHUA U
IJIyOWHBI OTBETA ITPOBOJIUIIOCH COTJIACHO KPUTEPUSIM
European Leukemia Net, 2020 [17]. B ge6rote 3a60-
JieBaHus Bce 60s1bHBIE B XD cTpaTudUIMPOBAHBI Ha
rpynnsl pucka mo mkanam Sokal, 1984 u EUTOS
long-term survival (ELTS), 2016. I'emaTosiorude-
CKasg M HereMaToJIOTHYecKas TOKCUYHOCTh KJIaCCH-
¢umupoBasachk 1o IIKaJie OMEHKHN HeXKeaTeJTbHBIX
sapnennii HammonanpHOro wmHcTHTyTa paka (NCI
CTCAE v5.0), 2017.

I'pymniy KOHTPOJISI COCTABWJIN 22 KIWHUYECKH
3710pOBBIX JJoHOpPa HOBOCHOMPCKOTO KJIIMHUYECKOTO
neHTpa KpoBu. CpeTHUI BO3PACT JOHOPOB COCTaBHJI
33 £ 9 rojia; pacupezieieHue o moJy: 11 (50 %) skeH-
muH U 11 (50 %) My>KIUH.

BoJIbHBIM | JTUIIAM KOHTPOJILHOH TPYIIIIBI ITPOBE-
JIEHO KOJIMYECTBEHHOE OIIpesieJIeHe YPOBHS ITUTO-
kuuoB TNF-a, IL-1B, IL-2, IL-4, IL-6, IL-10, IL-18,
IFN-a B ChIBOPOTKE KPOBH METOJIOM MMMYyHOdep-
MeHTHOTO aHanu3a (MIPA) ¢ momoIpio Habopa pea-

MATERIALS AND METHODS

The study included 60 patients with CML which
were follow-up at the Republican Hospital No. 1 —
National Center of Medicine (Yakutsk), and City
Clinical Hospital No. 2 (Novosibirsk), as well as
22 apparently healthy blood donors as a control
group. The inclusion criteria were: 1) diagnosis of
CML, confirmed in accordance with the World
Health Organization recommendations, 2016; 2) age
over 18 years; 3) availability of voluntary informed
consent. The study was approved by the Local Ethics
Committee of the Novosibirsk State Medical Univer-
sity (Protocol No. 129).

The study was initiated in December 2020. All
patients at baseline underwent a clinical examina-
tion, in accordance with the clinical recommenda-
tions for management of adult patients with CML
[16]. The phase of the disease and molecular response
were determined according to criteria of the Euro-
pean Leukemia Net 2020 [17]. At the onset of the dis-
ease, all patients in CP were stratified into risk groups
according to the Sokal (1984) and EUTOS long-term
survival (ELTS, 2016) scores. Hematological and
non-hematological toxicity was evaluated according
to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events (NCI CTCAE v5.0,
2017).

The control group consisted of 22 apparently
healthy blood donors of the Novosibirsk Clinical
Blood Center. The average age of donors was 33 + 9
years; gender distribution: 11 (50%) women and 11
(50%) men.

Quantitative determination of the concentration
of TNF-q, IL-1B, IL-2, IL-4, IL-6, IL-10, IL-18, and
IFN-a cytokines in blood serum by enzyme-linked
immunosorbent assay (ELISA) using a BEST ELISA
diagnostic kit (Vector-Best, Novosibirsk, Russia).
The study was conducted on the basis of the Central
Research Laboratory of the Novosibirsk State Medi-
cal University.

Statistical analysis was carried out using StatTech
v. 2.8.4 (Stattech LLC, Russia). Comparison of the
two groups by a quantitative indicator having normal
distribution was performed using the Student’s
t-test, and with a non-normal distribution — using
the Mann-Whitney U-test. The direction and tight-
ness of the correlation between the two quantitative
indicators were evaluated using the Spearman’s rank
correlation test. To assess the probability of achiev-
ing a major molecular response (MMR, BCR-ABL
transcript level < 0.1 %, MR3°) depending on the
cytokine level, the logistic regression and receiver
operating characteristic (ROC) analysis were used.
The threshold value of the quantitative variable at
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reatoB UPA-BECT (AO «Bekrop-becr», HoBocu-
6upck, Poccust). McceieioBanue mpoBeieHO Ha O6aze
LIEHTPAJIbHOH HAyYHO-UCCIIeIOBATETBCKON Jabopa-
Topuu HOBOCHMOMPCKOTO TOCY/ITApCTBEHHOTO MeJU-
[IMHCKOTO YHUBEPCUTETA.

CTaTHCTUYECKUN aHATN3 POBOJWIICA C UCIIOJb-
3oBaHueM mporpammbl StatTech v. 2.8.4 (00O
«Crarrex», Poccus). CpaBHeHHE JBYX TpPYII IIO
KOJIMYECTBEHHOMY II0Ka3aTeJi0, UMEIOIEMy HOP-
MaJIbHOEe paclpejiesieHre, BBIIOJIHAIOCh C IIOMO-
mpio t-kpurepusi CTbIOJIeHTa, a IPH pacIipesesie-
HUH, OTIMYAIOIIEMYCA OT HOPMAJIbHOTO — € IIOMO-
mpio U-kpurepusa Mauna — Yutau. Hanpasiienue u
TECHOTA KOPPEJIAIMOHHON CBSSH MEXIy JBYM:
KOJIMYECTBEHHBIMU ITIOKA3aTESIMU OIEHUBAIUCH C
IOMOIIbI0 K03 @UIIEeHTa PAHTOBON KOppesAIuu
CrnupmeHa. /1711 OIleHKU BEPOSTHOCTU JOCTHKEHUS
6ospiioro MosiekysisipHoro otBeta (BMO, skcmpec-
cust BCR-ABL < 0.1 %, MO3°) B 3aBUCHUMOCTH OT
YPOBHSI IUTOKUHOB IIPUMEHSJINCh METOJ, JIOTHUCTH-
yeckoit perpeccun u ROC-ananmus. Paspensmoinee
3HaUYeHUe KOJINYeCTBEeHHOTO IIPU3HaKa B TOUKe cut-
off ompenesnsioch O HAaWBBICIIEMY 3HAYEHUIO
ugaexkca IOpena. BiusHme ¢akropa cuuTasoch
JIOCTOBEPHBIM, eCJIu 3HaueHue miommaau moy ROC-
KPUBOU € HIDKHEN TpaHUIEN 95% JIOBEPUTETIHHOTO
uHTepBaia (JIN) 610 Gosiee 0.50, a 3HAUEHHUE P —
MeHee 0.05.

PE3YJIBTATDBI 1 OBCY KAEHUE

Ha MOMeHT MHUITUUPOBAHUS UCCIIEZIOBAHUS BCe
6osbHBIE ObLTH cTpatuduuupoBansl B XO XMJIL.
Teparus nepBoy JUHUA UMATHHHOOM ITPOBOTUIIACH
39 (65 %) 6ombHbIM, UTK BTOpPOro MOKOJIEHUS
(UTK2) — Hu10TUHUO, 1a3aTUHUO U 603YyTHHUO — BO
BTOPOH U MOCJIEAYIOMINX JIMHUSAX OJIydasT 21 maru-
eHT (35 %). IlIlpuunnamu nepexona uHa UTK2 Bo BTO-
pyIo JUHUIO OBUTH: 1) Hey/laua JiedueHUs] UMaTUHU-
00M B CTaHZApTHOU /103€e V 9 (42.86 %) OOJIbHBIX,
2) HENepeHOCHMOCTb Tepaluu UMAaTUHUOOM y 12
(57.14 %) OGosbHBIX. Ilepexoa Ha TPETHIO JIMHUIO
Tepanuu y 5 00JbHBIX (8.3 %) OCyIecTBIIEH BCIEN-
CTBUE HEIePEHOCHUMOCTH IMpernapara BTOPOH JTUHUHU
(pa3BuTHE  TEMATOTOKCHUYHOCTH,  ILIEBPAIBHBIX
BBIIIOTOB, JUapen), y 1 namueHTta (1.67 %) — us-3a
Heyzauu Tepanuu. Ha MOMEHT IpOBeJEeHUs UCCIIe-
nmoBanuss BMO gocturHyT y 10 60bHBIX (16.7 %),
ybokui MostekyaapHbIl oTBeT (I'MO MO+°) (BCR-
ABL < 0.01 %), MO#5(BCR-ABL < 0.0032 %) u MO5°
(BCR-ABL < 0.001 %) y 42 (71.2 %) GOJIbHBIX.

C MOMeHTa TUarHOCTUKY 3a00JI€BaAHUS IIPOTPEC-
cupoBanue 70 ¢assl akceneparuu (PA) u 61acTHOTO
kpusa (BK) mabmozanocs v 2 (3.3 %) GOJBHBIX C
HaJIMYKEM [IOIIOTHUTEIHHBIX XPOMOCOMHBIX aHOMA-

the cut-off point was determined by the highest
Youden’s index. The influence of the factor was con-
sidered significant if the area under the ROC curve
with the limit of 95% confidence interval (CI) was
more than 0.50, and p < 0.05.

RESULTS AND DISCUSSION

At baseline all patients had CP of CML. The first-
line therapy with imatinib was performed in 39
(65%) patients, the second-generation TKI (TKI2) —
nilotinib, dasatinib and bozutinib — in the second
and subsequent lines — were receive by 21 patients
(35%). The reasons for switch to TKI2 in second-line
were: 1) failure of treatment with imatinib at the
standard dose in 9 (42.86%) patients, 2) intolerance
to imatinib therapy in 12 (57.14%) patients. Switch to
third-line therapy in 5 patients (8.3%) was realized
due to intolerance to the second-line drug (develop-
ment of hepatotoxicity, pleural effusions, diarrhea),
in 1 patient (1.67%) — due to failure of therapy. At
baseline MMR was achieved in 10 patients (16.7%),
deep molecular response (MR+°) (BCR-ABL <
< 0.01%), MR#5 (BCR-ABL < 0.0032%) and MR5°
(BCR-ABL < 0.001%) — in 42 (71.2%) patients.

Since diagnosis of the disease, its progression to
accelerated phase (AP) and blast crisis (BC) was
observed in 2 (3.3%) patients with additional chro-
mosomal abnormalities in the karyotype. After
achieving CP, they were successfully performed an
allogeneic hematopoietic stem cell transplantation
(allo-HSCT).

Detailed clinical characteristics of the patients
included in the study are presented in Table 1.

According to the results of the study, it was found
that in CML, the secretion of IL-10, IL-6, TNF-a and
IL-18 increases to the greatest extent, the serum con-
centration of which exceeded the values of the con-
trol group by 5.4, 4.4, 4.0 and 2.4 times, respectively
(Table 2).

The analysis of the relationship between the level
of cytokines revealed positive correlations between
proinflammatory cytokines IL-6 and IL-18 (r = 0.535,
p < 0.001), IL-6 and TNF-a (r = 0.687, p < 0.001),
IL-18 and TNF-a (r = 0.460, p < 0.001). IL-10, being
by nature an anti-inflammatory cytokine, it directly
correlated with IL-6 (r = 0.583, p < 0.001), TNF-a
(r = 0.594, p < 0.001) and IL-18 (r = 0.490,
P < 0.001). The presence of a noticeable positive cor-
relation indicates the mutually stimulating ability of
cytokines, triggering a cascade release reaction in
response to malignant transformation, and the syn-
ergism of their effects. It is known that in the early
stages of tumor transformation, TNF-a-dependent
activation of NF-kB and MAPK signaling pathways
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aui B kapuorune. I[locie goctmkenns X® wum
VCIIENTHO ITPOBEJIEHA aJIJIOTeHHAs TPAHCIIAHTAIIHSA
reMOIIO3THYECKUX CTBOJIOBBIX KJ1eTOK (am1o-TI'CK).

[TogpobHast  KJIWHWYECKAas  XapaKTePHCTHKA
0OJIPHBIX, BKIIOUEHHBIX B HCCIIEOBAaHHE, IIPE/ICTAB-
JieHa B TabJI. 1.

[To pesynbraTaM HCCIEAOBAHUSA YCTAaHOBJIEHO,
gro npu XMJI B HaubOJIbINIEN CTENIEHH YCHUITUBAETCS
cekpenusa IL-10, IL-6, TNF-a u IL-18, ceiBopoTou-
Hasl KOHIIEHTPAIUs KOTOPBIX IIpeBbIIIaa IOKa3a-
TeJIM KOHTPOJIBHOU TIpynmbl B 5.4, 4.4, 4.0 U B
2.4 pa3a COOTBETCTBEHHO (TabI. 2).

stimulates the synthesis of proinflammatory cyto-
kines (IL-1, IFN-y, IL-2, IL-6 and IL-8), chemokines
and transcription factors [18—20], which form a spe-
cific microenvironment, contributing to the predom-
inant proliferation of tumor cells. Further, in
response to tumor antigens, macrophages synthesize
anti-inflammatory cytokines, in particular, IL-10,
which inhibits the activity of antitumor immunity
[21—23]. The pro-oncogenic properties of IL-10 are
confirmed by the results of meta-analysis of 21 stu-
dies that demonstrated a correlation of high levels of
1L-10 with worse survival rates [24].

Ta6smmna 1. KnnHuyeckas XapaKTepUCTUKA IPYIIbI 60J1bHbIX XMJI

Table 1. Clinical characteristics of patients with CML

Xapaxkrepuctuku / Indicator

3HaueHus / Values

Bospacr, roger, M + SD (95% /11/Q1-Q3) | Age, years, M + SD (95% CI /Q1-Qs)

My K4HHBI : 3keHIIUHbI / Men : women, n (%)
®aza 3a6oseBanus / Phase of the disease:
xpoHuveckas / chronic, n (%)

55 + 13 (52-59)
20 (33.3) : 40 (66.7)

60 (100.0)

I'pynna pucka mo Sokal Ha MOMeHT ycTaHOBJIeHUs AMarHosa, n (%)

Sokal risk group at diagnosis, n (%):
HU3KUH puck / low risk

NpoOMeXyTO4YHbIN puck / intermediate risk
BbICOKUH puck / high risk

23 (38.3)
22 (36.7)
15 (25.0)

['pymmna pucka o ELTS Ha MOMeHT ycTaHOBJIeHUS AUarHo3a, n (%)

ELTS risk group at diagnosis, n (%):
HU3KUH puck / low risk

NpoMeXyTO4YHbIHN puck / intermediate risk
BbICOKUH puck / high risk

Tepanus / Therapy, n (%):

MMaTUHUG / imatinib

HUIOTUHUG / nilotinib

nasatuHu6 / dasatinib

603yTHHUG / bozutinib

MeZinaHa AJIMTeJNbHOCTH Tepanuu, Mec / median duration of therapy, months, Me (Q,-Q,)

OtBet / Response, n (%):

BMO ne pgocturnyTt / MMR is not achieved
MO3.0 / MR3.0

MO4.0 /MR4.0

MO4.5 / MR4,5

MOS.O / MR5.0

27 (45.0)
20 (33.3)
13 (21.7)

39 (65.0)
9 (15)

8 (13.3)

4 (6.7)

60 (4-180)

8 (13.3)
10 (16.7)
6 (10.0)
11 (18.3)
25 (41.7)

KinHuko-na6opaTtopHble nokasatesu / Clinical and laboratory parameters:

nerikonuthl / leukocytes, x10°/1, Me (Q,-Q,)

remoryio6buH, /i, M = SD (95% /1) | hemoglobin, g/1, M + SD (95% CI)
TpoMm6ouuTel, x10°/1, Me (Q,-Q,) | platelets, x10°/1, Me (Q,-Q,)

JIATL En/n, Me (Q,-Q,) | LDH, U/1, Me (Q,-Q,)
renatomerasus / hepatomegaly, n (%)
criieHoMerasus / splenomegaly, n (%)

6 (5-7)

122 +15 (118-127)
233 + 87 (209-257)
206 (190-233)

14 (23.3)

10 (16.7)

[IpumMmevyaHue.

XMJI - XxpoHu4eckui Muesosieiikos; M + SD - cpesHee U ero cranfapTHoe OTKJOHeHUe; [JU - noBepUTeIbHbBIN

uHTepBas; BMO - 60J1b1110# MoJieKyIsspHbIH oTBeT; MO0, MO*0, MO*5, MO - riy6okuii MosieKy/asipHblit oTBeT; JI/II - TakTaTAerugporeHasa.

Note.

CML - chronic myeloid leukemia; M + SD - mean and its standard deviation; CI - confidence interval; MMR - major molecular

response; MR*’, MR*?, MR*®, MR*® - deep molecular response; LDH - lactic dehydrogenase.
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Ta6una 2. KoHneHTpanusa GUTOKUHOB (1r/Mut) 601bHBIX XMJI 11 y 3/[0pOBBIX JIUI]
Table 2. Cytokine concentration (pg/ml) in CML patients and in healthy individuals

I'pynna / Group Me /M £ SD Q1-Q3/95% n D
TNF-a
BosbHble / Patients 2.80 1.58-5.58 60 <0.001*
KonTtposbHas rpynna / Control group 0.70 0.23-1.48 22
IL-2
BoJsibHble / Patients 0.78 0.78-0.78 60 0.099
KonTposbHas rpynna / Control group 0.78 0.78-0.78 22
IL-16
BosibHbIe / Patients 0.88 0.88-2.17 60 0.073
KonTpospHas rpynna / Control group 0.88 0.88-1.04 22
IL-6
BosbHble / Patients 3.10 1.85-5.12 60 <0.001*
KonTtposnwHas rpynna / Control group 0.70 0.45-0.97 22
IL-18
BosbHble / Patients 296.40 208.80-402.27 60 <0.001*
KonTposbHas rpynna / Control group 122.10 92.00-188.30 22
IL-4
BosabHble / Patients 3.89+1.35 3.54-4.24 60 0.090
KonTposbHas rpynna / Control group 336091 2.95-3.76 22
IL-10
BosbHble / Patients 5.15 2.50-6.60 60 <0.001*
KonTposibHas rpynna / Control group 0.95 0.95-0.95 22
IFN-a
BosbHble / Patients 5.60 4.00-9.80 60 0.006*
KonTposbHas rpynna / Control group 4.00 4.00-5.60 22

* Pazyinuus okasaTesieil CTaTUCTHYECKH 3HaYUMBI (p < 0.05).
Differences are statistically significant (p < 0.05).

IIpu aHanM3e B3aMMOCBA3U YPOBHA LIUTOKUHOB
MeK/1y cOO0M BBIABJIEHBI IIOJIOKUTETBHBIE KOPPEJIA-
OUU MeXJly IPOBOCHAJIUTENHbHBIMU LUTOKUHAMU
IL-6 u IL-18 (r = 0.535, p < 0.001), IL-6 u TNF-a
(r = 0.687, p < 0.001), IL-18 u TNF-a (r = 0.460,
p < 0.001). IL-10, sSBJIsSISICh TI0 CBOEI IIPUPOJIE MIPO-
TUBOBOCIAJIUTEIBHBIM IIUTOKUMHOM, IIPSAMO KOppe-
gupoBas ¢ IL-6 (r = 0.583, p < 0.001), TNF-a
(r=0.594, p < 0.001) u IL-18 (r = 0.490, p < 0.001).
Hanmuyre 3aMeTHON TOJIOKHUTETHLHOU KOPPEJISIU-
OHHOH CBA3U CBU/ETEJICTBYET O B3aUMOCTUMYJIU-
pyIoIell CIIOCOOHOCTH ITUTOKWHOB, 3aIyCKaIoIein
KACKaJHyI0 PEaKIUI0 BBHICBOOOXK/IEHHSA B OTBET HA
OILyX0JIeByI0 TpaHchOpMaluioo, U CHHEpPrusMe HX
a¢gPexToB. VI3BeCTHO, UTO HA pAaHHUX 3TAIaX OILyXO0-
nesou Tpancopmanuu TNF-a-3aBucumasi akTuBa-
nusA curHaabHbIX nmyTed NF-xB u MAPK crumynn-
PYeT CHHTE3 MPOBOCIATUTEbHBIX TUTOKUHOB (IL-1,
IFN-y, IL-2, IL-6 u IL-8), X*eMOKHHOB 1 (aKTOPOB
TpaHCKpHUNIUH [18—20], KOTOpBIEe 0OPA3YIOT CHEIH-
(pryeckoe MUKPOOKPYKEHUE, CIIOCOOCTBYIOIIIEE ITpe-
HUMYyIIeCTBEHHON ITpoindepanuu OIyX0JIeBbIX KJIe-

The analysis of the relationship of clinical and
laboratory parameters with cytokine profile revealed
a direct correlation between the level of IL-18 and
leukocytes (rxy = 0.351, p = 0.008), as well as IL-18
and stab neutrophils (rw = 0.349, p = 0.029), which
is probably due to its ability to stimulate GM-CSF
production [25]. Similarly, in the work of Zhang et
al., high levels of IL-18 correlated with initial leuko-
cytosis, as well as CD34+ cell expression and
myeloid blast cell immunophenotype, whereby the
role of IL-18 in leukemic cell proliferation was
assumed [26].

In the group of patients with CML, the level of
cytokines varied depending on the extent of molecu-
lar response and the type of TKI. Thus, patients
receiving imatinib were characterized by signifi-
cantly lower TNF-a levels compared to patients
receiving nilotinib, dasatinib and bozutinib (2.10,
4.00, 6.85 and 4.25 pg/ml, respectively, p = 0.013).
It can be assumed that imatinib, which is a non-
selective tyrosine kinase inhibitor, has a stronger
inhibitory effect on TNF-a.
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ToK. Jlajiee, B OTBeT Ha OIyXOJIeBble AHTUTEHBI
MakKpodaru CHUHTE3UPYIOT IPOTUBOBOCIIATIUTEb-
HbIE [TUTOKUHBI, B YacTHOCTH [L-10, KOTOpBIN yTHE-
TaeT aKTUBHOCTH MPOTUBOOITYX0JIEBOT'O UMMYHUTETA
[21—23]. IIpoonkorenubie cBoictBa IL-10 moa-
TBEPXKJAIOT PE3yJIbTaThl MeTaaHaIu3a 21 paboThl,
IIPOJIEMOHCTPUPOBABIIINE KOPPEJIAIHUI0 BBICOKOTO
ypoBH: IL-10 ¢ XyAIMMU IOKa3aTe/ISIMUA BbIKHBae-
MocCTH [24].

[Ipu aHayMm3e B3aUMOCBSI3U KJIWHHKO-JIabopa-
TOPHBIX TIOKa3aTesJieldl C IMTOKHHOBBIM CTaTyCOM
BBISIBJIEHA TIPsIMasi KOPPEJIAIUOHHAS CBA3b MEXKAY
ypoBHeM IL-18 w JelikonuTamMu (rxy = 0.351,
p = 0.008), a Takxe IL-18 u masOUKOSIAEPHBIMU
HeuTpodIaMu (rw = 0.349, p = 0.029), 4TO, BEPO-
SITHO, OO'BSICHSIETCS €r0 CIIOCOOHOCTHIO CTHMYJIHPO-
BaTh mpoayknuioo GM-CSF [25]. AHajorWyHO B
pabore B. Zhang et al. Beicokuii ypoBens IL-18 kop-
peJIUpoBasl ¢ HAaYaJbHBIM JIEHKOIIUTO30M, a TaKXKe
skcmpeccueii kaetok CD34+ W MOHOOJIaCTHBIM
(eHOTHUIIOM OJIACTHBIX KJIETOK, HA OCHOBAHUH UYETO
MpeJnoJIoKeHa poJib IL-18 B mposudeparuu jgerke-
MUYECKHUX KJIETOK [26].

B rpynne nanuentos ¢ XMJI ypoBeHb IUTOKMHOB
BapbUPOBAJ B 3aBHUCHUMOCTH OT YPOBHS MOJIEKYJISIP-
Horo otBeta v Tuna UTK. Tak, 60/1bHbBIE, TIOTYYAIOITHE
Tepanui0 UMATHHUOOM, XapaKTEPH30BAJIUCh JIOCTO-
BepHO Oostee HU3KUM ypoBHeM TNF-a 110 cpaBHEHUIO ¢
00JIbHBIMH, TTOJTYYATOITUMU HUJIOTUHUO, 1a3aTUHUO U
603yTHHUO (2.10, 4.00, 6.85 U 4.25 OT/MJI COOTBET-
CTBEHHO, P = 0.013). M0O>KHO IPE/TIOIOKHUTb, UTO HMa-
TUHUO, SABJISIOIIMICS HECEIEKTUBHBIM UHTHOUTOPOM
TUPO3UHKNHA3, OKas3biBaeT Ha TNF-a Gostee CHTBHBIN
UHTAOUPYIOIUHA 3D HEKT.

Bosnbubie, He mocturmue BMO, xapakrepu3oBa-
JIUCH JIOCTOBEPHO 00Jiee BBICOKMMHU KOHIIEHTpAI[U-
svu IL-6, TNF-a u IL-1B (Tabs. 3), 94TO I03BOJIsAET
MIPEIIOIOKUTh UX POJIb B PA3BUTHU PE3UCTEHTHO-
ctu k UTK.

Heb6sarompustHas mporsocruyeckasi posb 1L-6
OoTMeueHa TakKe B paboTax Apyrux aBTOpoB. Tax,
BBICOKas KOHIleHTpanus [L-6 cpeau 601pHBIX XMJI
ObLIa acCOIMUPOBAHA C PUCKOM TpaHCcGOPMAIlHH B
BK, HemocTu)keHUs PpaHHETO MOJIEKYJISIPHOTO
OTBETa W HU3KUMU IOKa3aTeIsIMU OecIiporpeccuB-
HOM BbDKHMBaeMocTu [27, 28]. B cooTrBeTcTBUHU C
STOMU F'UIOTE30H HAaMU ObLIN pa3zpaboTaHbl IPOTHO-
CTHYECKHE MOJIeJIU JUIA OIEHKU BEPOATHOCTH
noctmxkenuss BMO B 3aBUCUMOCTHY OT yPOBHS IIUTO-
kuHoB TNF-a, IL-1f u IL-6. Cpenu u3ydeHHBIX
IIUTOKHUHOB TOJIBKO IL-6 ABJSIJICA CTaTHUCTHYECKU
3HAUYMMBIM MIPOTHOCTUYECKUM (HaKTOPOM, BIIUSIO-
M Ha goctrxkenre BMO (OIII (oTHoOLIEeHKE IaH-
coB) — 0.884, 95% I — 0.794—0.985, p = 0.025).

Patients who did not achieve MMR were charac-
terized by significantly higher concentrations of IL-6,
TNF-a and IL-1p (Table 3), which suggests their role
in the development of TKI resistance.

The unfavorable prognostic role of IL-6 is also
noted in the works of other authors. Thus, a high
concentration of IL-6 among CML patients was
associated with the risk of transformation into BC,
failure to achieve an early molecular response and
low rates of progression-free survival [27, 28]. In
accordance with this hypothesis, we have developed
prognostic models to assess the probability of
achieving MMR depending on the level of TNF-q,
IL-1P and IL-6 cytokines. Among the studied cyto-
kines, only IL-6 was a statistically significant prog-
nostic factor affecting the achievement of MMR (OR
(odds ratio) 0.884, 95% CI 0.794—0.985, p = 0.025).
In the developed predictive model, the area under
the ROC curve was 0.897 + 0.045 (95% CI 0.808-
0.985), which indicates a high predictive ability.
The threshold value of IL-6 serum concentration at
the cut-off point, which corresponded to the highest
Youden’s index, was 0.909. The non-achievement of
MMR can be predicted when the IL-6 concentration
is greater or equal to this value. The sensitivity and
specificity of the model were 100.0% and 78.8%,
respectively.

Despite the lack of prognostic significance of
IL-1 and TNF-q, in the group of patients without
MMR, the concentration of IL-1 was 4.19 times
higher, and the concentration of TNF-a was
2.89 times higher than in patients who achieved
MMR. A comparative analysis of the IL-18 concen-
tration between the general cohort of CML patients
and the control group also showed no significant
differences. The available data do not allow us to
draw unambiguous conclusions about the role of
IL-18 in the development of CML. The increase in
IL-1B secretion is selective in the group of patients
without MMR, which is probably due to the overex-
pression of the IL-1 receptor accessory protein
(IL1-RA) mainly on BCR-ABL-positive cells [28].
Thus, more research involving a larger number of
patients with varying levels of molecular response
is required to determine the prognostic role of IL-1
and TNF-a.

CONCLUSION

The current study demonstrated an increase in
TNF-a, IL-6, IL-18, IL-10, and IFN-a secretion in
patients with chronic CML, suggesting that these
cytokines play an important role in the pathogenesis
of CML. At the same time, the study showed that
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Ta6auna 3. KoHneHTpanusa DUTOKUHOB (1r/mut) y 601bHbIX XMJI B 3aBUCHMOCTH OT IPOTHBOOIYX0JIEBOTO OTBETA
Table 3. Cytokine concentration (pg/ml) in CML patients depending on response to treatment

BoabHbie XMJI / Group of CML patients Me Q,-Q, D

TNF-a
BMO ectb / MMR positive (n = 52) 2.30 1.50-4.62 0.004*
BMO Het / MMR negative (n = 8) 6.65 5.97-19.35

IL-2
BMO ectb / MMR positive (n = 52) 0.78 0.78-0.78 H/o|n/d
BMO Het / MMR negative (n = 8) 0.78 0.78-0.78

IL-16
BMO ectb / MMR positive (n = 52) 0.88 0.88-2.04 0.004*
BMO HeT / MMR negative (n = 8) 3.69 1.85-9.10

IL-6
BMO ectb / MMR positive (n = 52) 2.80 1.70-4.22 <0.001*
BMO Het / MMR negative (n = 8) 9.40 5.35-20.70

IL-18
BMO ectb / MMR positive (n = 52) 296.40 217.10-400.00 0.664
BMO HeT / MMR negative (n = 8) 294.90 173.20-655.55

IL-10
BMO ectb / MMR positive (n = 52) 4.85 2.20-6.60 0.100
BMO HeTt / MMR negative (n = 8) 6.25 5.80-6.60

IL-4
BMO ectb / MMR positive (n = 52) 3.67 2.93-4.69 0.281
BMO Het / MMR negative (n = 8) 4.07 3.66-4.80

IFN-a
BMO ectb / MMR positive (n = 52) 5.60 4.00-9.80 0.850
BMO HeT / MMR negative (n = 8) 5.60 4.00-10.10

[IpuMevyaHnusd:
* Pa3inuus nokasaTesiel craTUCTHYeCcKH 3Ha4YUMBlI (p < 0.05).
Notes:
* Differences are statistically significant (p < 0.05).

B paspaboTaHHO! IPOTHOCTUYECKOU MOJEIHU ILJIO-
maas moa ROC-kpuBo#l cocraBmia 0.897 £ 0.045
(95% O — 0.808-0.985), 4TO CBUETETHCTBYET O
BBICOKOU ITPOTHOCTHUYECKOH criocobHocTH. [Toporo-
BO€ 3HaUEHHNE CHIBOPOTOUHOU KOoHIleHTpamuu 1L-6
B Touke cut-off, KoTOpoMy COOTBETCTBOBAJIO HaH-
BBICIIEE 3HaUeHHe wHHAekca IOmeHa, cOCTaBHIIO
0.909. Henoctmkenne bMO MOXHO TPOTHO3UPO-
BaTh Ipu 3HaueHUU [L-6 BbIIe TAHHOW BEJTUUHUHBI
WIN paBHOM ed. UyBCTBUTEJHLHOCTh U CIIeIUpII-
HOCTb MOJIEJTH COCTABMJIN 100.0 1 78.8 % cooTBeT-
CTBEHHO.

HecMoTpst Ha OTCYTCTBHE JIOCTOBEPHOU ITPOTHO-
cruueckoit 3naunmoctu IL-1f u TNF-a, B rpymme
6ospHBIX 6€3 BMO konnentpanus IL-1 6puia B
4.19 pa3sa BbIlIle, a koHIeHTparusa TNF-a B 2.89 paza
BBIIIIE [0 CPABHEHUIO ¢ OOJBHBIMH, JOCTUTIIAMHU
BMO. IIpu cpaBHUTEJIFPHOM aHAJIN3€e KOHIIEHTPAIIUN
IL-1f mexay obieit koroptoiét 6osibHbIX XMJI u
KOHTPOJIPHOM TPYIIION Takke He ObLIO IOJIydYeHO
JIOCTOBEPHBIX OTIMUMi. VMeroliuecs MaHHBIE He

XMJI - xpoHUYeCKUH MUeso1eliko3; BMO - 6os1bIoi MoJIeKyJISIpHBIN OTBET; H/O — He OIpe/iesIeHO.

CML - chronic myeloid leukemia; MMR - major molecular response; n/d - not defined.

patients who did not achieve MMR were character-
ized by significantly higher concentrations of TNF-a,
IL-6 and IL-1, and IL-6 was a statistically significant
factor influencing the achievement of MMR.

There was no significant difference in the levels
of IL-18, IL-10 and IFN-a in the groups of patients
who achieved and did not achieve MMR, which
probably indicates the preservation of potential pro-
oncogenic mechanisms at a sufficiently high level
even in patients who achieved an optimal response
to therapy. These mechanisms may partially explain
the loss of MMR when the TKI therapy is discontin-
ued. However, to clarify the prognostic significance
of each of the cytokines, it is necessary to conduct
additional studies on a larger sample, including
patients in different phases of the disease and with
different levels of cytogenetic and molecular
response.
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[IO3BOJIAIOT C/IEJIaTh OJTHO3HAYHBIE BBIBOJBI O POJIH
IL-1f B pasButuu XMJI. IloBbIlIEHHE CEKPEIUH
IL-1p usbupatesnbHo B rpymme 6osbHbIX 6e3 BMO,
YTO, BEPOSATHO, OOYCJIOBJIEHO THIIEPIKCIIPECCHEN
mobaBouHoro mpoTewHa perentopa IL-1 (IL1-RA)
npeuMmyiiiecTBeHHO Ha BCR-ABL-1010:XKUTEIBHBIX
kietkax [28]. Takum o6pas3om, 71 yTOYHEHHUSA TTPO-
rHoctuyeckoil posn IL-1f u TNF-a Heo6XomaumMbl
JAJIbHEUININe WCCIE0OBAHMUSA, BKIIIOYAIONIE OO0JIb-
Iee KOJINYECTBO OOJIBHBIX € Pa3INYHBIM YPOBHEM
MOJIEKYJIIPHOTO OTBETA.

3AK/IOYEHUE

Hacrosamee wuccienoBanre INIPOJEMOHCTPUPO-
Bajsio nosbilieHue cekpenuu TNF-a, IL-6, IL-18,
IL-10 u IFN-a B rpyniie DaiMeHTOB ¢ XpPOHUYECKOU
dazoit XMJI, 4TO MOKET CBUETETHCTBOBATD O BAXK-
HOH POJIM JJAaHHBIX ITUTOKUHOB B MeXaHU3Max IaTo-
reseza XMJI. IIpu 3ToM B Hcciie0BAaHUM TOKA3aHO,
gTo Ui OOJIBHBIX, He nocturmux BMO, xapak-
TEPHBI JIOCTOBEPHO (0Jiee BBHICOKHE KOHIIEHTPAIUH
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