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Abstract.

Relevance. Systemicjuvenile idiopathic arthritis (sJIA) is a distinct autoinflammatory
subtype of juvenile arthritis, characterized by pronounced systemic inflammation and
extra-articular manifestations such as fever, rash, and hepatosplenomegaly. The disease
is associated with dysregulated production of proinflammatory cytokines (IL-18, IL-6, IL-
18), which determine its severity and increase the risk of complications. Conventional
inflammatory markers, such as erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP), are often insufficiently specific for accurate assessment of disease activity.
Therefore, studying cytokine profiles and identifying reliable immunological biomarkers
is particularly relevant for timely diagnosis, objective evaluation of disease activity,
and optimization of individualized treatment strategies in children with sJIA, ultimately
contributing to improved clinical outcomes and better prognosis.

Objective. To study the characteristics of the course of juvenile arthritis depending
on disease activity in patients with systemic-onset juvenile idiopathic arthritis (sJIA).

Materials and Methods. A prospective cohort study including 74 children
with juvenile arthritis (44 of them with sJIA) was conducted from 2021 to 2023. The
diagnosis was established according to the International League of Associations for
Rheumatology (ILAR) criteria (2001). Immunological assessments included measurement
of proinflammatory cytokines (IL-1, IL-6, IL-18, TNF-a) using the RANDOX biochip
technology, as well as autoimmune markers (S-100, serum ferritin) by enzyme-linked
immunosorbent assay (ELISA) on a Multiskan FS, conducted in the clinical laboratory
of RSSPMCP. The level of disease activity was assessed using the Juvenile Arthritis
Disease Activity Score 27 (JADAS27). Statistical analysis was performed using StatPlus
v8.0.3 and Microsoft Excel; correlations were assessed with Spearman’s rank correlation
coefficient, and differences were considered statistically significant at p<0.05.

Results. Our findings demonstrated a strong positive correlation between IL-1 and
IL-6 (rs = 0.89; p = 0.0000), a moderate negative correlation between IL-1 and S-100
(rs = —0.298; p = 0.59), and a weak negative correlation with JADAS27 (rs = -0.278; p
= 0.067). A very weak positive correlation was observed between IL-1 and TNF-a (rs =
0.15; p = 0.34) and between IL-1 and ferritin (rs = 0.18; p = 0.24).

Conclusion. It has been demonstrated that systemic-onset juvenile idiopathic
arthritis (sJIA) is characterized by a distinct immunological profile dominated by elevated
levels of proinflammatory cytokines, including IL-1, IL-6, and IL-18, which contribute to
the development of systemic clinical manifestations and disease severity. A significant
positive correlation between IL-18 and ferritin levels (rs = 0.46; p = 0.0019) suggests
that ferritin may serve not only as an indicator of inflammation but also as an active
proinflammatory mediator involved in the immunopathogenesis of sJIA.

Key words: IL-18, systemic-onset juvenile idiopathic arthritis, IL-6, JADAS27.

BBEOEHUE

FOACCH — aTo pgeTckuii apTpuT, oTnvdatowmiics ot gpyrux nogtunos KOA npeob-
nagaHnem CUCTEMHOrO BOCMANeHNsi U BHECYCTaBHbIX NMPU3HAKOB, BKIOYAs eXXEAHEBHYHO
nnxopagky, cbinb, NUMdageHonaTuio, renatocnneHoMeranuio u ceposunt [1]. MNMauneHTsb
C OBEHUITbHBIM apTPUTOM C cucTteMHbIM Hadanom (FKOAcCH) nonagatoT B KaTeroputo cu-
CTEMHOro apTpuTa B Knaccudukaumm AeTCKMX apTpUTOB, NpeanoxeHHon MexagyHapoa-
HoW nuron pesmatonornyecknx accoumnaumii (ILAR) 2001 roga. Oetu ¢ aTnm 3abonesa-
Hnem coctasnstoT oT 10 4o 20 npoueHTOB Bcex cny4vaes toBeHunsHoro aptputa (KOA).
OpHako JaHHble CBUAETENBLCTBYIOT O TOM, YTO 3TO 3aboneBaHne ABNAETCA YHUKAlNbHbIM
COCTOSIHMEM, MOXOXUM Ha ayToBOCNanuTeribHoe CEMeNCTBO 3aboneBaHnn, C pasnnyHbl-
MU MPOSIBNEHMSIMUN U MOAENSAMW OTBETA HA FIEYEHNE, KOTOpbIE OTNMYAOT €ro oT OPYrnx
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3aboneBaHui, oTHocALWwmMXcs K kateropun FOA [2,3].

OueHka akTuBHOCTM 3aboneBaHusi npu KOA 0Obl4HO BKtoYaeT nabopaTopHble
MapKepbl BOCMANeHus, y>ke MPoOBEPEHHbIE B KITMHNYECKOW NPaKTUKe, TaKne Kak CKOpOCTb
ocepanusa apuTtpoumTtoB (COD) n C-peaktmBHbin 6enok (CPB). 3HaunTenbHble ycunus
COCpenoTOYEHbl Ha BbISIBMEHUN OPYTMX CbIBOPOTOYHBIX OMOMapKepoB akTUBHOCTH 3ab0-
neBaHus, KOTopble SIBNSOTCSA Oonee YyBCTBUTEMbHBIMU U HAAEXHBIMW. HecKomnbko unc-
crnepoBaHui Gbiny NOCBALLEHBI OMomMapkepam y naumeHToB ¢ FOA Jo cux nop, 1 HECKOSb-
KO KaHauAaToB Obinv naeHTUMULMPOBaHbI B pasBedOYHbIX MCCNEAOBaHMAX, BKIoYasi
MHOXECTBO PasfMYHbIX XEMOKUHOB U LUMTOKNHOB [3,4]. XoTs natodmsunonorna KOAcCH
OCTaeTcs HesICHOW, ObINo BbickadaHo npegnonoxexue, 4to KOAcCH — aTo ayToBOCha-
NUTENbHOE COCTOSIHNE, BbI3BAHHOE HEMPEPbLIBHOW akTUBaUMEN BPOXOEHHBIX UMMYHHbIX
nyTemn, 4TO NPMBOAUT K abeppaHTHON MHOYKLMM NPOBOCMANUTENbHbIX LIUTOKMHOB, TaKMX
Kak uHTeprernkuH IL-6, IL-1 1 IL-18 [5]. 3yueHune npoBocnanuTernbHbIX LIUTOKMHOB, Taknx
kak IL-6, IL-1 n IL-18, npn FOUA cncteMHoro Hayana siBNsieTcs akTyarnbHbIM Anst TOYHON
OMarHoCTUKKM, OLLEHKM aKTUBHOCTM 3aboneBaHus 1 onTMMu3auny Tepanum y OeTen.

Uensb. Llenbto nccneposaHus ABnseTcs BbiBNEHNE 0COBEHHOCTEN NMMYHOSOIM-
yeckoro npoduns y 6onbHeix KDACCH n ero koppensiuusa ¢ ypoBHEM aKTUBHOCTM 3ab0-
neBaHus.

MaTtepuanbl n metoabl. [1pOCNeKTMBHOE KOropTHOE MCCrefoBaHue, BKIOYato-
wee 74 peteii ¢ FOA, (13 Hux 44 geteri ¢ KOACCH) 6bino npoeegeHo ¢ 2021 no 2023 roaa.
Bce getn nomyyaroT nevyeHne B KapoMopeBMaTtoniormyeckoM otaeneHum PecnybnvkaH-
CKOrO CrneLmann3npoBaHHOro Hay4YHO-MPaKTUYECKOro MEeAMLIMHCKOIO LIeHTpa neguatpum
(PCHMMUIM). OnarHos 6bin BbICTaBNEeH COrMacHoO kputepuem MexayHapogHou nurm
peBmaTtonornyeckmnx accounaumn (ILAR) 2001 roga.

MMmmyHonornyeckne uccrnegoBaHusi, BKIOYaloLme onpegeneHne nposocnanu-
TenbHbIX untokmHoB (IL-1, IL-6, IL-18, TNF-a) ¢ ucnonb3oBaHmem 6mounn TeEXHONOrMm
RANDOX. OnpegeneHve ayToMMMYHHbIX MapkepoB (S-100, cbiIBOPOTOYHOTO cheppuTu-
Ha) MMMyHOodepMeHTHbIM MeTogoM (MIDA) Ha annapaTte Multiskan FS (Ffepmanus), npo-
BOAWINCH B KNUHUKO-NabopaTtopHom oTtaene PCHITMLIIM.

YpoBeHb aKTMBHOCTM 3aboneBaHWsi OLEHMBANCA C MCMOMb30BaHWEM  LUKanbl
Juvenile Arthritis Disease Activity Score (JADAS27) [5]. HeakTMBHOE Te4YeHMe HOBEHUIIb-
Horo apTpuTa (H3) onpeaensanock Ha ocHoBaHumn kputepueB Wallace v 3Ha4eHuWi Wwkanel
JADAS27 [6-8].

Cratuctmyecknii aHanma NpoOBOAWICS C MCMonb3oBaHMeM nporpambl “StatPlus”
(v8.0.3 ons macOS; StatPlus:mac, AnalystSoft Inc. Bepcus v8.) n “Microsoft Excel”. Onu-
caTernbHasa ctatucTuka bbina paccumTaHa Onsd Bcex nepemeHHbix. Koppensuum Obinm
Bblpa)keHbl C MCMomnb3oBaHWeM KoadurumeHTa paHroBon koppensumn CnvpmeHa (rs).
Paznununa cumtanucb goctoBepHbiMn Npn 3HavyeHumn p <0,05.

Pe3ynbratbl. Bo3pact o6cnenoBaHHbIx geTen coctasun 9,55+3,77 net, megnaH-
Hoe 3HadeHue Bo3pacTa geten ¢ KOA coctaBuno 9 net (IQR; 6-13), cambii ManeHbKni
Bo3pacT coctaBun 2 net. Y 44 (100%) naumeHTa Ha MOMeHT onpenenexus IL-1, IL-6, IL-
18, TNF- a, S-100 umenock aktusHasa doopma FOACCH (puc.1).

O6wwii ypoBeHb IL-18 B cbiBopoTKe KpoBu Bapbuposarics ot 100.4 go 313.8 pg/
ml (BepxHsia rpaHuua Hopmbl 270 pg/ml), meguaHHoe 3HadeHue coctaBuro 248.9 pg/mi
(IQR 193.95-286.2). bbina npoaHanuavMpoBaHa B3avMOCBA3b Mexay ypoBHeM IL-18 u
OPYrMMY MMMYHoRormdeckummn mapkepamum y naumeHTtoB ¢ KOACCH. Mpu conocTaene-
HuK IL-18 ¢ OpyrMMy1 UMMYHONOTMYECKMMU MapKepamu ObINo yCTaHOBMEHO NpsaMasi yme-
peHHas KoppernsunoHHasi B3aMMoCBsi3b Mexay ypoBHeM IL-18 u dpepputrHom (rs =0,50;
p =0,00052), a Takke npsmas cnabas KoppensuMoHHas B3aMMocBaA3b Mexay IL-1 (rs
=0,21; p =0,175), IL-6 (rs =0,20; p =0,199), JADAS27 (rs =0,19; p =0,2). Bbino BbisiBne-
Ho obpaTHasa cnabas koppensunoHHasa B3anmocBsasb Mexay IL-18 n TNF- a (rs = -0,27;
p =0,07), He ObINO BbISIBNEHO KOPPENALNOHHON B3aMMocBsA3n mexay IL-18 n S-100 (rs
=0,08; p =0,59) (puc.1).

MepgunaHHoe 3HaveHune nokasartenen IL-1 y geten ¢ KOACCH coctaBuno 17.1 pg/
ml (IQR; 6.47-24.37), MMHMManbHoe 3HadYeHne — 3.7 pg/ml, makcumanbHoe — 32.6 pg/
ml (BepxHsia rpaHuua Hopmbl 11 pg/ml) (puc.2). Hawwm pesynsratsbl NpogeMOoHCTpUMpOBa-
nn NpsiMmyto cunbHyto koppensaumio mexay IL-1 mn IL-6 (rs =0,89; p =0,0000), obpaTHyto
yMepeHHyto koppensuuio mexay IL-1 n S-100 (rs = -0,298; p =0,59), obpaTHyto criabyto
koppensuuio mexay JADAS27 (rs = -0,278; p =0,067). MNMpsamasi o4yeHb cnabas koppens-
LMOHHAasA B3aMMOCBs3b Obina yctaHoBneHa mexay IL-1 n TNF- a (rs = 0,15; p =0,34) n
deppuTtnHoM (rs =0,18; p =0,24) (puc.2).
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PucyHok-1. Pe3ynbsraTbl KOppensiuMoHHOro aHan13a CnupmeHa mexay ypoB-

HamM IL-18, mapképoB BocnaneHusa un nigekcom JADAS27.
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PucyHok-2. Pe3ynbsraThl KOppensiuMoHHOro aHanm3a CnupmeHa mexay ypoB-
HAMM IL-1 1 APYrMMYM UMMYHONOrMYECKUMMN MapKkepamMu.

Y peten ¢ KOACCH o6wwmin yposeHb IL-6 B cbiBOPOTKE KPOBU BapbmpoBancs ot 5.4
8o 37.5 pg/ml (BepxHsas rpaHyua Hopmbl 10 pg/ml), MegnaHHoe 3HaveHne coctaBmno 19
pag/ml (IQR 9.17-29.45) (puc.3). MNMpu conoctaeneHumn IL-6 ¢ nokasarensamm akTMBHOCTU
FOAcCH 6bino BbisiBneHo obpatHasa cnabas koppensaumMoHHas B3aumocsssb ¢ JADAS27
(rs =-0,27; p=0,075) n npsimas o4eHb criabasi kKoppensunoHHas B3aMMOCBS3b C dheppu-
THOM (rs = -0,17; p=0,25). bbino yctaHoBNeHO obpaTHast ymepeHHas KoppensaumMoHHas
B3aMMOCBS3b Mexay ypoBHem IL-6 n nokasatensmun S-100 (rs = -0,36; p =0,0157). He
ObINO BbISBMEHO KOppensauMoHHoW B3ammocsasu mexgy IL-6 u TNF- a (rs = 0,016; p
=0,91) (puc.3).

O6cyxneHue. ViHtepnenknH-18 (IL -18) — MOLUHBIN NpoBOCNANUTENbHBIA LUTO-
KVH, YYaCTBYIOLLMI B 3alUTE XO3AMHA OT MHMEKUNA 1 PEerynupyowmnin BPOXOEHHbIV 1
NprMoBpPeETEHHBIN MMMYHHBIN oTBET [9]. Y nauneHToB ¢ FOA oTMevaeTcs yBenmyeHne KOoH-
ueHTpaumm IL -18 B CbIBOpOTKE KPOBM, KOppPENuUpyoLLee C akTMBHOCTbIO 3aboneBaHus
(nnuxopapgka, apTpuUT 1 yBENUYEHME YPOBHSA OCTPOa30BbIX MokasaTerien), 0COGEHHO y
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nauneHtoB ¢ KOAcCCH [10]. IL-18—npoBocnanuTenbHbI LMTOKUH, NepBOHa4YanbHoO 060-
3HayeHHbIV Kak IGIF (“interferon-gamma inducing factor”, baktop, nHgyuupyoLwmn npo-
OyKUMo nHTepdepoHa). HecmoTpst Ha GonbLUOe KONMYECTBO OTHETOB, YKa3biBaKLLMX Ha
HesameHMyto ponb IL-18 npyn ayTOMMMYHHBIX 3a00neBaHNsiX, MHOIME U3 HUX BCe elle
HesicHbl [9]. Buiomapkepbl B ngeane MoryT 6biTb BHEOPEHbI B NMOBCEOHEBHYIO KITMHUYE-
CKYH0 NMOMOLLb NS BbiABNEHMS naumeHToB ¢ FOA ¢ 0coBbIM PYCKOM OCITOXXHEHHOIO Teve-
HWs1 3aboneBaHus, HaNpMMep, AN AOCTWKEHUS] HEaKTUBHOCTM 3aboneBaHus, peumamsea
3aboneBaH1s UM BO3HUKHOBEHNS OCINOXHEHMI [9].

Ferritin (rs=0.18, p=0.25) JADAS27 (rs=-0.27, p=0.075)
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PﬂcyHOK-3. Pe3y]1bTaTbl KoppenAuMoHHOro aHanunsa CnupmeHa Mexany ypoB-
HAMU IL-6 n APyruMn UMMyHOIIOrm4eCKUMuMU Mmapkepamu.

®HO BbIpabaTbiBaeTCsl B OCHOBHOM aKTMBMPOBaHHLIMK Makpodaramm 1 Bbi3biBa-
€T BocnareHue, CBs3biBasiCb CO CBOMMU peLenTtopamu Ha apyrux knetkax [11]. OH sBns-
€TCs1 YIIEHOM CyrnepceMencTBa hakTopoB HEKPO3a OMyXOonu, CeMencTBa TpaHCcMeMbpaH-
HbIX 6EenKoB, KOTOpble ABMSATCA LUTOKUHAMU, XUMUYECKUMW NOCPEOHNKAMU NMMYHHOMN
cuctembl [12]. YUpesmepHoe npoayKLmsa BoCnanuTenbHOrO LIMTOKUMHA dhakTopa Hekposa
onyxonun ®HO-anbda (PHOQ) urpaet Kno4eByHo posb B NOAAEPXKAHUM MHOTUX XPOHUYe-
CKUX BOCManNuTENbHbIX PEBMaTUYeCKNX 3aboneBaHuin, 0COBEHHO TeX, KOTOpbIE 3aBUCAT
OT B3aMMOCBA3N mexay T-knetkamu u makpodparamm [13].

YpoBHM S100 B CbIBOPOTKE MOBbLILLEHBI Y MALMEHTOB C ayTOMMMYHHbIMK 3abore-
BaHUSAMW, U HECKOMBKO UCCrefoBaHNi NPOAEMOHCTPMPOBANN UX NMOMNE3HOCTb B Ka4eCTBe
OunarHoCTU4eckmx mapkepoB BocnaneHus [14, 15]. YpoHn S100A8/A9 n S100A12 cunta-
NCb YyBCTBUTENBHBIMU BMOMapkepamMy akTMBHOCTM 3aboneBaHus Npyu peBmaTtonormye-
CKMX pacCTPOMCTBaXxX M MOTyT Aaxe B OOMbLUEN CTENEHN OTpaxaTb CTENEHb BOCNAaneHus,
4YeM ckopocTb ocefaHus aputpountos (COJ) n C-peakTnBHbIi 6enok (CPB) [16].

BeiBoa. [lokaszaHo, 4To ummMyHonornyeckumm mapkepamm FKOACCH saBnstoTca npo-
BocnanutenbHble UnMTokuHbl (IL-1, IL-6, IL-18), noBbiweHMe ypoBHS KOTOpbIX 0bycnasnu-
BaeT pa3BUTUNE KITMHUYECKMX MPOSIBNEHUIN N TSHKENOe TeveHne 3aboneBaHus. BoisBneHa
nonoxuTensHasa B3aumocss3b IL-18 ¢ depputuHom (rs = 0,46; p = 0,0019), yto cBuge-
TENbCTBYET O TOM, YTO (DEPPUTUH ABMSIETCA MPOBOCNANUTENBHBIM MELMaTOpPOM pPa3Bu-
Tmsa KOACCH.
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