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Pesrome

[{UTOKUHBI ABJISIOTCS MEAUATOPAMH UMMYHHOUW CHCTEMBI, PETYIUPYIOIIUMU
BOCHAJIMTENIbHBIA mpouecc. MHTEHCHMBHOCTh BOCHAJIUTENBHOTO IMpoOLEcca BO
MHOT'OM 3aBUCHUT OT TUIIa IUTOKKHA U MIPOJIOJKUTEIBHOCTH €ro JIelcTBUs. bonbioe
3HQYEHUWE B PA3BUTUM U [POrPECCUPOBAHUU BOCHAICHUS TPUHAIIICIKUAT
unrepiaeiikuny 6 (MJI-6) u unrepnerikuny 18 (MJI-18). LluTokunasl mo-pazHOMY
pPEryJIMpyIOT  BOCHAJIUTENBbHBIA  NPOLIECC, HUHAYUHUPYS  WIM  [OJABISS
BOCHAJIUTENbHbIE ~ peakiuu. @OYyHKIMOHAIBHYK0  AKTUBHOCTh  LIUTOKHHOB
OTPaHUYUBAIOT MOJIEKYJIBI-TIOBYIIKHA, YPOBHH KOTOPBIX SIBJISIFOTCS ONPEIEISAIOIIIMU
dbakTopaMu ISl MHULMAIMK JTUOO 3aIUTHBIX, MO0 MaTOJIOrHYecKuX 3(dheKkToB
untepaeiikuHoB. s WMJI-6 Takod  JOBYIIKOM  SIBJISIETCS  PACTBOPUMBIN
rnukornporend SgP130. Kontpomupyroumm ¢dakropom MJI-18 saensercs MNJI-18-
cesi3biBatonuit 0enok (MJI-18CB). Beicokue yposau NJI-6 u NJI-18 nabnroganuck
npu COVID-19 wu accouuupoBaiuch C HEOJArompuATHBIMU  HCXOJaMU
3a0oneBaHus. Llenpio HacToslero ucciieqoBaHus ObUI CPAaBHUTENbHBIA aHaIU3
ypoBHeit sgpl130 u MJI-18Ch y nauueHToB ¢ pa3Hou crenenbto Tskectu COVID-
19.

B perpocnexktuBHOe ucciaegoBanue Briaounian /4 namuenta ¢ COVID-19 B
Bo3pacte 6314 net, cpeau KoTopbix 40 Myx4uH U 34 sxeHIUHBL. [larueHTs! ObUTH
pa3zielieHbl Ha TPYIIIBI B COOTBETCTBUHU CO CTENEHBIO IMOPAXKEHUS JIETKUX IO
JAHHBIM KOMITBIOTEPHOU ToMOrpaduu. B mepByto rpynmy BXOJIWIIN MalMEHTHI 0€3
MOPaXXEHHS JIETKUX; BO BTOPYIO TPyNNy — NallMEeHTbl ¢ YMEPEHHOU Gopmoit
MHEBMOHHUM, C MOopaxkeHueM JErkux 10 50%; B TpeThi0 rpynmny — NalHEHTHI C
TsokEnot  dopMol MHEBMOHUH, C TopaxkeHueM JErkux >50%. VYposHu
HUTOKMHOB M HX JIOBYUIEK ONpPEIENSIM B IUIa3M€ KPOBH KOJUYECTBEHHBIM
UMMYHO(GEPMEHTHBIM METOIOM.

Konuenrpamun MJI-6 u WNJI-18 B KpoBH NAalMEHTOB BO3pacTaId IIPU
yBennuenuu Tsokectd COVID-19. YpoBHM uX J0OBYIIEK MEHSIUCh HEOAHO3ZHAYHO.
VYposau sgpl30 B rpymnme ManyeHToB C YMEPEHHOM (PopMoOil MHEBMOHUHU ObLIH
HUKE, YeM Yy MAalMEHTOB 0e3 MOopaxeHus JErKuX. A y NalUEHTOB C TSKETOU
dbopmoii nmHeBMOHMU YypoBHH SQP130 oka3zanuch BbIIIE, YEM Y MAIMEHTOB C
yMEpEeHHOU (POpMOil 1 OBLIIM CXOXKHU C YPOBHSIMH B IpyIIie 0€3 MopakeHUs JIETKUX.

B otnuuume ot sgp130, yporau NJI-18Ch cHmkanuck o Mepe yBEJIUUECHUS TAKECTH
COVID-109.

Taxkum o6pazoMm, yBenuuenue ypoHed WMJI-6 u NJI-18 mpu Bo3pactanuu
Tsokect COVID-19 conpoBokaaeTcsi HEOQJHO3HAYHBIMA MU3MEHEHUSIMH YPOBHEU
ux joByiiek. CooTHoOLIeHHE Mexay KoHLeHTpausmu NJI-6 u NJI-18 u nx noBymek
oTpaxaeT cteneHb Tshkectn COVID-109.

KiroueBbie ciaoBa: NJI-6; NJI-18; pactBopumsiii peuentop NJI-6; sgpl30;
NJI-18- cBaseiBaronmi 6emokx, COVID-19.
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Abstract

Cytokines are mediators of immunity that regulate inflammation. Intensity of
inflammatory process is strongly dependent on the cytokine type and duration of its
effect. Interleukin 6 (IL-6) and interleukin 18 (IL-18) play an important role in the
initiation and progression of inflammation. Cytokines regulate the inflammatory
process in different ways by inducing or inhibiting inflammatory reactions.
Functional activity of cytokines is limited by trap molecules whose levels determine
initiation of protective or pathological effects of interleukins. Soluble glycoprotein
sgp130 functions as a trap for IL-6, while IL-18 is controlled by IL-18 binding
protein (IL-18BP). High IL-6 and IL-18 levels were recorded in COVID-19 patients,
being associated with unfavorable outcome of the disease.

Our objective was to compare sgpl130 and IL-18BP levels in patients with
different degrees of COVID-19.

Retrospective study included 74 COVID-19 patients (40 men and 34 women)
aged 6314 years. The patients were assigned to groups according to severity of lung
damage. Group 1 included patients without lung damage; group 2, patients with
moderate pneumonia (<50% lung damage); group 3, patients with severe pneumonia
(>50% lung damage). Plasma levels of cytokines and their trap molecules were
determined by quantitative immunoenzyme assay.

IL-6 and IL-18 plasma concentrations increased with COVID-19 severity.
Ambiguous changes were recorded for their traps. Plasma levels of sgp130 were
lower in patients with moderate pneumonia than in patients without lung damage. In
patients with severe pneumonia sgp130 plasma concentrations were higher than
those in patients with mild pneumonia, being similar to those in patients without
lung damage. In contrast to sgp130, IL-18BP levels decreased with COVID-19
severity.

Thus, an increase in IL-6 and IL-18 levels parallel to COVID-19 severity is
accompanied by ambiguous changes in the levels of their trap molecules. The ratio
between the levels of IL-6 and IL-18 and their traps reflects the degree of COVID-
19 severity.

Keywords: [IL-6; IL-18; soluble IL-6 receptor; sgp130; IL-18 binding
protein; COVID-109.
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1 Beenenue
[[uTOKMHBI — 93TO YHUKaJIbHBIE HMMMYHHOPETYJISTOPHBIE MOJIEKYJIIBI.
OOecmeunBasi MEXKJICTOYHOE B3aWMOJICHCTBUE, OHH PETYIUPYIOT CHIYy U
IIPOJOJKUTEIBHOCTE MUMMYHHOI'O OTBE€Ta M BOCHAJMTENBHOrO mnpouecca [l1].
[IuTOKMHBI B3aUMOAECUCTBYIOT MEXAy COO00H, oOpa3ys €IuHyr padouyyro CETb.
COaslaHCUPOBAHHOCTh ~ IMPOBOCHAINUTENBHBIX U IPOTHUBOBOCHAIMTEIbHBIX
LUTOKMHOBBIX PEAKIINI CIIOCOOCTBYET YCIEUTHOMY Pa3peIIeHNI0 BOCIAIUTEIBHOIO
npouecca. OgHaKoO HW3MEHEHHE YPOBHEH LIUTOKMHOB MOXKET HapyllaTh JaHHBIN
0amaHC M NPUBOAUTH K PAa3BUTHUIO IATOJIOTMYECKUX MpolieccoB. B uacTHOCTH,
yBEJIMYEHUE  YPOBHEM  pa3IMYHbIX  IIUTOKMHOB  acCOIMMPOBAHO  C
nporpeccupoBanreM uHpeknuun COVID-19, Bei3piBacmoil kopoHaBupycom SARS-
CoV-2. Ocoboe BHUMaHWE B JaHHOM acIieKTe OTBOJIUTCS UHTEpiekuny 6 (11J1-6)
u unrepneiikuny 18 (MJI-18). YpoBuu WJI-6 m WJI-18 Obuim BBICOKUMH Yy
naueHToB, ymepmux B pesynbrate COVID-19, u xoppenupoBanu Mexay codoi
[3,10]. Taxxe BbIsIBICHA KOPPEISIIMOHHAS CBSI3b MEX/Ty MOBBIIICHHBIMU YPOBHIMHU
NJI-6 u anurensHbiM COVID-19, kotopslii acconmuupyercs € JOJTOCPOYHBIMU
MOCTIEACTBUSIMHA MH(PEKIINU U PA3TMIHBIMU OCIOKHEHUSIMH, BKITI0Yasi HeoOpaTuMoe
HOBPEXKICHHE OPraHoB [12].

B opranusme 4enoBeka CyIIECTBYIOT MEXaHHU3Mbl, OIPAaHUYMBAIOIINE
¢dbynkunonanbHyto aktuBHocth WJI-6 u Un-18. Ina NJI-6 xapakrtepHO Hanuuue
JBYyX CUTHAJIBHBIX IMYTEW: KIACCMYECKOTO0 U  TpaHc-curHaibHOro. llpu
KJaccuueckoi nepegade curnana MJI-6 oOpasyeT KOMILJIEKC CO CBOUM PELEITOPOM
NJI-6P na MemOpaHe KJIETOK, a MPU TPaHC-CUTHAIM3AINH — C PaCTBOPUMOI (popMoii
peuentopa pUJI-6P. Llupkynupyromuidi B KpOBU PaCTBOPUMBINH TIIMKONPOTEUH
sgp130 siBisieTcs JIOBYIIKOW M MHTUOUPYET akTUBHOCTH NJI-6, peanuzyemyto TpaHc-
CUTHAJIbHBIM ITYTEM, HE BIIMSS HAa KJIACCHUYECKYIO0 curHanuzauuio [4]. Cuuraercs,
yto 3¢dekrsr  MJI-6, cmocoOcTByromure  MATOJOTUYECKUM  IPOIIECCaM,
ONOCPEAYIOTCS IPEUMYIIECTBEHHO TPAHC-CUTHAJIBHBIM IYTEM, B TO BpEMsS Kak
IIPOTUBOBOCIIAJIMTENIbHASI aKTUBHOCTH MJI-6 peanusyercs kiraccuueckon rnepegayen
curana [8]. na Wn-18 kouTponupyrommm ¢akropom siBusiercs HNII-18-
ces3piBatomuii 0enok (MJI-18CB), koTopsiit, 0b6magas BEICOKUM cpoacTBoM k NJI-
18, monasisier MJI-18-3aBucumeie 3¢ dextol [2]. YPOBHU IIUTOKUHOBBIX JIOBYIIEK
SBIIAIOTCS. ONPEACISIIONMMU (paKTOpamMu Il MHULUALUUK JIUOO 3aIlMTHBIX, JTUOO
NaTOJIOTMYECKUX 3(PPEKTOB UHTEPIICUKUHOB.

B Hactosimem uccnenoBaHuu olieHMBanu ypoBHM joByiiek NJI-6 u UJI-18 y
nanueHToB ¢ pasHbiMu popmamu COVID-19

2 MatepuaJjbl 1 METO/IbI

B uccnenosanne Bxmounmmu 74 mauuenta ¢ COVID-19, u3 nux 40 myx4nx
(54%) un 34 xenmunsbl (46%). CpeaHuii Bo3pacT MalMeHToB coctaBmwi 63+14 jner.
Bce maruenTsl, BKIIOYEHHBIC B MCCIICIOBAHNE, TTOAMUCHIBAIA HH(MOPMUPOBAHHOE
corjlacue 1o 3abopy OMOJOTMUECKUX OOpasloB i OaHKUPOBaHUS, OJ0O0pEHHOE
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Otndeckum komuteroM HMULL kapauonoruu um. akajn. E.JM.Yazosa (mpotokos No
249 01 30.09.2019 r.).

[TarmenTsl ObUTM pa3leleHbl Ha TPYMIBl B COOTBETCTBHH CO CTEHEHBIO
NOpa)KeHUs JIETKKUX 0 JAHHBIM KOMIIBIOTEpHOM Tomorpaduu. B mepByto rpymimy
BXOJIMJIM NAMEHTHl 0€3 MOpaKeHUsl JErkhX; BO BTOPYI0 IpPynny — NalHEeHThI
¢ yMepeHHOU (OopMOIl MHEBMOHUHU, C MOopaxkeHueM JErkux 10 50%; B TpeThio
rpynny — HauueHThl ¢ THKENOW (POpMON MHEBMOHUU, C MOPAKEHUEM JIETKUX
>50%.

OO6pa3upl KpoBU OTOMpad HA 2-4 JeHb rOCHUTAIW3AIlMd U XPaHWUJU TpU
temneparype -80°C 10 npoBeneHus UccieI0BAHMS.

Yposuu WJI-6, sgpl130, pWUJI-6P, WJI-18 u WJI-18Ch onpenensnu
UMMYHO(QEPMEHTHBIM METOJIOM C HMCIOJIb30BaHUEM HA0OPOB PEAKTUBOB (PUPMBI
R&D Systems, ¢pupmer eBioscience, Cloud-Clone Corp.

Cratuctrueckyio 00pabOTKy MAaHHBIX MPOBOJWIA C MOMOIIBIO MaKeTa
nporpaMmMm IBM SPSS STATISTICS 23. Pe3ynbprarel OpencTaBi€Hbl B BHUIE
MeJIMaHbl C yKa3aHWEeM HMHTEPKBAPTUIILHOIO MHTEpBaia (25-i mpoueHTwIb; 75-i
OPOLEHTUIB) JJIA MapaMeTpoB, HUMEIOIIUMX pachpeleieHue, OTIUYHOE OT
HOpMasibHOTO. IlpM cpaBHEHMM TIpylnn 10 KOJUYECTBEHHOMY IIPU3HAKY
VCIIOJIB30BAJIM HENapaMeTpUYECKUEe KpuTepuu MaHHa-YUTHU ISl HE3aBUCHUMBIX
BbIOOpOK. CTaTUCTUYECKH 3HAYUMBIMU CUYUTAIHMCHh pE3yJbTaThl IPU YpPOBHE
noctoBepHocTH P <0.05.

3 Pe3yJabTaThl U 00CYK1eHHE

Konnentpanuu NJI-6, pUJI-6P n NJI-18 B kpoBM manmeHTOB BO3pacTalv 10
Mmepe yBennueHus Tsoxectd COVID-19 (puc.1), B To Bpemsi Kak YPOBHH JIOBYIIEK
IUTOKWHOB MEHSJIMCh HEOJHO3HAYHO.

VYposau Sgpl30 B rpymnmne NmauveHTOB C YMEPEHHOW (OpPMON NMHEBMOHHH
OBLIM HUXKE, YEM Y MALIMEHTOB 0€3 NOpaXXeHUs JErKuX. A y NalUEeHTOB C TAKENOM
dbopmoii mHeBMOHMHU ypoBHU SUP130 oxazanuch BbIIIE, Y€M Y MAIlMEHTOB C

yMEPEHHOU (OpMOM U OBUIM CXOXKHU C YPOBHSIMHU B rpyIine 0e3 MOpakeHUs JETKUX
(puc.2A).

Sgp130 u pHUJI-6P KOHCTUTYTHBHO MPHUCYTCTBYIOT C KPOBU U SIBJISIOTCS
KOMIIOHEHTaMU Oy(epHOM CHCTEMBI, KOTOpas pPeryjupyeT Mepuoj Ioypacraja
NJI-6 [8]. V 3mopoBbix moaeh koHmeHTpauuu SgpPl30 u pUJI-6P naxoasTcs B
MOJISIPHOM M30BITKE, TIpenoaras, 4to cBo0oiubIi NJI-6 ObICTpo 3aXBaThIBaeTCA U
HerTpanusyercss [9]. HaOmromaemoe B HACTOSIEM HCCICAOBAHUU CHUKEHUE
ypoBHe# Sgp130 y manueHToB ¢ yMepeHHOU pOopMOii MTHEBMOHUM CBUETEIBCTBYET
00 MHTEHCUBHOM PacX0JI0OBaHUH 3TOT'0 IIMKOINpOoTenHa Ha gaHHo# craauun COVID-
19. BrisBnennoe noseiieHue ypoBHer SgP130 na tsoxénoit craquu COVID-19
MOXXET OBITh CBSA3aHO C YBEJIMYEHUEM €ro MpoAyKiuu. Jlpyrue wucciempoBatenu
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TaKKe MoKa3aiu, 9To ypoBHH SQP130 moBeimarotcs mpu Tsoxénoi craguu COVID-
19 no cpaBHEHUIO C yMEpPEHHOM [7].

Hamn ycranoBieHo, 4TO wu3MeHeHus ypoBHed noBymkn MJI-18 B
3aBucumoctH ot craauu COVID-19 otnuuanuce ot nu3menenuit nosymku NJI-6.
B orimmume ot sgpl30, ypoBuu MJI-18Ch cHMWXaIHMCh NIPU YBEIIMYEHUH TSKECTH
COVID-19 (puc.2b). HaubGonee Bbicokue ypoBuu WJI-18Ch nHabmoganuce y
nanueHToB 0e3 mopaxenus J€rkux. I[Ipu stom ypoBHu MJI-18 B 31O rpymme
NalMeHTOB OBLIM HIXKE, YE€M B OCTAJIbHBIX HCCIEIyeMbIX Tpyrmmax (puc.l).
Bo3moxkHno, Ha nanHoi craguu COVID-19 noBylika HHTEHCUBHO CBSI3BIBAECTCS C
NJI-18, TeM caMbIM aKTUBHO HHTHOUPYS POBOCTIATUTENbHbBIE 3P (HEKThI IUTOKUHA.
Ha 6onee tsoxénbix cranusx COVID-19 npoucxoaut HapylieHrne 6aimaHca MExXIy
npoaykuuei NJI-18 u ero noBymiku. Huzkue yposau NMJI-18Ch npu noBbIIIEHHBIX
ypoBusix WJI-18 wemocrarounst s d>¢dexktuBHON HeuTpanuzamun MJI-18.
BoisiBneHHOE B HACTOAILIEM HCCIAEAOBAaHWU HapylleHHe OajlaHca MEXIy
koHeHTtpausimu  WJI-18 u WMJI-18Ch  MoXeT NpuBOAUTh K YBEIUYCHHIO
KOHIICHTpauu cBOoOOAHOrO Omonormyecku aktuBHOro MJI-18, koTOphIii BHOCHUT
CBOI1 BKJIaJl B MaTOreHe3 3a00JIeBaHusl.

Hucbananc B mpoxaykiuu WJI-18 u ero noBymiku omwicaH MPU MHOTHX
XPOHUYECKHUX BOCHAIUTENbHBIX 3a00eBaHusAX. JlucOanaHc MOXKET BBIPaXKaThCs B
yBennueHnn nponykuuu MJI-18 mpu CHMKEHWH, OTCYTCTBUM YBEIWYEHUS WIH
HeZocTaTouHOM yBennueHuu npoaykunu MJI-18Ch. B wactHOCTH, IpyU CUCTEMHOM
KPaCHOW BOJIYaHKE OTMEYEHO 3HAYMTENbHOE moBellmieHue ypoBHen MJI-18 m UJI-
18CB [6]. Y GonpHBIX BOTYaHOUYHBIM HE(DPHUTOM TaKKE HAOIIO1aJI0Ch MOBHIIICHNE
nna3MeHHbix ypoBHen MJI-18 m WMJI-18Ch, B TO Bpems Kak Npu NEPBUYHOM
He(poTrueckom cunapome nosimancs Toiasko MJI-18Ch [5]. IIpu peBMatougnoM
aptpute ypoBHu WMJI-18 noswimanuce, a ypoBau MJI-18Ch moHmxkanuch Kak B
CBIBOPOTKE, TaK U B CHHOBHAJIbHOM *xuakoctu [11].

Takum obpazom, ysenuuenue ypoHeit NJI-6 u NJI-18 mo mepe Bo3pactanus
Tskectn COVID-19 He conpoBo)kaercsi ONHO3HAYHBIMU W3MEHEHUSIMH YPOBHEU
UX JIOBYUIEK, YTO MPUBOJUT K HEKOHTPOJUPYEMOMY YBEIMUYECHHUIO aKTUBHBIX (OpM
OUTOKMHOB UM  INporpeccupoBaHuio  3a0osieBaHusl. COOTHOLIEHHE  MEXKIY

koHeHTpauusiMu MJI-6 u MJI-18 u ux JIOByIIEK OTpakaeT CTENEHb TKECTH
COVID-19.
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PUCYHKHU
Pucynok 1. Yposuu NJI-6, PUJI-6P u sgp130 B 3aBucumoctu ot Tsxectn COVID-
19.
Figure 1. IL-6, sIL-6R and sgp130 levels depending on the severity of COVID-19.
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IIpumeuanme: Pe3yibTarhl NMpeACTaBICHBI B BHUJIE OOKC-IIOTOB, I'€ ITOKa3aHbI
MeMaHbl, THTEPKBApTWIbHBINA pazmax (Q1; Q3), MakcumanbHbIe U MUHUMAJIbHBIC
3HAYEHMS, P - 3HAYCHUE NIPUBEACHO I KpuTepuss MaHHa-YUTHHU.

Note: Box plots show medians (middle lines) with first and third quartiles (boxes),
and whiskers show maximum and minimum values. Mann-Whitney test results are
expressed as p-values
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Pucynok 2. Yposau WJI-18 u NJI-18Ch B 3aBucumoctu ot Tsxectrn COVID-19.
Figure 2. 1L-18 and IL-18BP levels depending on the severity of COVID-109.
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MeJIMaHbl, MHTePKBapTUIIbHBIN pazMax (Q1; Q3), MakcuMaabHbIE © MUHUMAaJIbHBIE
3HAYEHHUS; P - 3HAUEHUE NIPUBEJICHO I Kputepruss ManHa-Y UTHU.

Note: Box plots show medians (middle lines) with first and third quartiles (boxes),
and whiskers show maximum and minimum values. Mann-Whitney test results are

expressed as p-values.
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