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Resume. Multiple sclerosis (MS) is a chronic, demyelinating disease that leads to disability. Understanding the etiology of MS
contributes to the development of pathogenetic methods of treatment, and the search for informative biomarkers of the effectiveness
of treatment will allow the patient to adjust therapy in time. The aim of this work was to determine informative cytokines and
cytokine profiles to predict the effectiveness of IFN-g1a therapy in children with MS.

Materials and methods. 66 children with MS aged 16 [14.2—17.5] years who are on INFB-1a therapy were examined: group
1 — patients with exacerbation of MS (with active foci of demyelination by MRTI), n=34; group 2 — patients in remission of MS
(without active foci), n=32. The content of cytokines in the blood serum of patients was assessed using the multiplex panel Human
Th17 Magnetic Bead Panel.

Results: There wasasignificant increase in cytokine concentrationsin patients with exacerbation of MS compared with children in remission:
IL5, IL6, IL9, IL12p70, IL17E/11.25, 11.21, 1128 A, GM-CSE TNFRB. Threshold values for IL9 (AUC=0,785), IL6 (AUC=0,750), TNFR
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(0,740), IL28A (AUC=0,744) were obtained above which it is possible to predict an exacerbation of MS in patients: IL9 — 3.9 pg/ml
(Sn—70.6, Sp — 71.9), IL6 — 4.0 pg/ml (Sn — 70.6, Sp — 68.8), TNFB — 6.6 pg/ml (Sn — 70.6, Sp — 71.9), [IL28A — 243.0 pg/ml (Sn —
70.6, Sp — 71.9). Cytokine profiles associated with T-lymphocytes and their functions were evaluated using z-score.

Conclusions. For the first time, an increase in cytokine levels was demonstrated in children with active foci of demyelination
compared to patients in remission of MS. An increase in proinflammatory cytokines and cytokine profiles associated with Th1 and
Th17, as well as with Th2 and Th22 has been shown. The use of threshold values for 119, IL6, TNFB, IL28A will help predict the
development of exacerbation in patients with MS.
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Amnnotauus. Paccesannbiii ckiepos (PC) — a1o XpoHUYECKoe, IeMUeTMHU3KUpPYoliiee 3a00J1eBaH e, TIPUBOJSIIEE K MHBAIM/IU3AIIUH,
[Monumanue aruosiornn PC criocobeTByer paspaboTKe MaToreHeTHYeCKUX METO/IOB JICYEHNSs, a OMCK HH(POPMaTUBHBIX OHOMapKe-
POB 3P PEKTUBHOCTH JIeYeHHMsT IO3BOJIUT BOBPEMSI CKOPPEKTUPOBATH Tepalinto. [leibto qanHoil paGoThl ObLIO BbISIBUTH MH(MOPMATHB-
Hble IINTOKUHBI ¥ IMTOKMHOBBIE TIponm il mpornosa addextnsHoct Teparmn MHO-B1ay pereii ¢ PC.

Marepuainst u Metonpt. O6cesenoBaro 66 gereii ¢ PC B Bospacre 16 [14,2—17,5] ser, Haxosimuxcst Ha Teparmn MHD-Bla: 1-a
rpynia — naiuenTbl B o0octpernu PC (¢ akTUBHBIMU OuaramMu JieMueIMHusal, no gaiabiv MPT), n=34; 2-g rpyrina — nanmeH-
b1 B pemuccun PC (6e3 akTuBHbix oyaros), n=32. CojepKaHue IUTOKUHOB B CIBOPOTKE KPOBU TIAIIMEHTOB U3MEPSIIN € TIOMOIIBIO
myJisruriekcHoi manesn Human Th17 Magnetic Bead Panel.

Pesyabrarbl: y nanueHtos B oboctpeHrn PC BbISIBJIEHO A0CTOBEPHOE YBeJMYeHHe KOHIeHTpaluu nurokuuos IL5, IL6, L9,
IL12p70, IL17E/1125, 1121, IL28A, GM-CSF, TNFB no cpaBHeHuio ¢ etbMu B pemuccni. Iloporosbie 3nadenust cut-off cocra-
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sum st 1LY (AUC=0,785), IL6 (AUC=0,750), TNFB (0,740), IL28A (AUC=0,744), Bbliile KOTOPLIX MOXKHO ITPOTHO3UPOBATDH
y nanuentoB obocrpenuie PC: 119 — 3,9 ur/mu (Sn — 70,6, Sp — 71,9), IL6 — 4,0 uir/mu (Sn — 70,6, Sp — 68,8), TNFB — 6,6 nr/
M (Sn — 70,6, Sp — 71,9), IL28A — 243,0 ir/ma (Sn — 70,6, Sp — 71,9). IIpoBeziena oteHKa ypoBHEH IIMTOKMHOBBIX TIPOdIICii,
accorupoBaHHbIX ¢ T-mumborutami, a Takxe ¢ UX GYHKIFSIMU € UCTIOTb30BAHIEM METO/IA Z-SCOTE.

BsiBozibl. BriepBbie poieMOHCTPUPOBAHO YBEJINUYEHe YPOBHEH IUTOKIMHOB Y [IeTell ¢ AKTUBHBIMU OYaraMu eMUETNHI3AIIH 110
CPaBHEHMUIO ¢ MaleHTaMu, Haxostumucst B pemuccunt PC. OGHAPYKeHO yBeInYeH e IIPOBOCIIATIUTENbHBIX [IUTOKMHOB, ACCOLMU-
poBantbix ¢ Thi- u Th17-, a rakske ¢ Th2- u Th22-mmumdonuramu. [Tpumenenue noporosbix snauenwmii cut-off ms 119, 1L6, TNFB,
IL28A nosBosisier IporHo3upoBarh pasBuTie 0docTpeHus y manuenTos ¢ PC.

KioueBsbie c10Ba: IUTOKUHDI, PACCESIHHbIN CK1epo3, getH, Thi-urokunbl, Th2-uurokuust, Th17-mmurokuns, MHD-B1a.

st muruposanmst: Pappiruia TB, [erpuayk CB, Kypbarosa OB, Kymosa /[T, @ucenko AIl, Cemuknna EJI, @peiinmun EB, A6xyma-
esa JIM, Bypcarosa BU. ¥YpoBHu nupKymMpyIomux MUTOKIHOB Y ZIeTel ¢ pacCesSTHHBIM CKJIEPO30M MPH pa3Hoii aeKTHBHOCT UHTEP-
(eponoBoi Tepann. Aniepeonozus u ummynonozus 6 neduampuu. 2023; 4: 31-39. https://doi.org/10.53529,/2500-1175-2023-4-31-39

INTRODUCTION

Multiple sclerosis (MS) is a chronic, demyelinating
disease that occurs in a genetically predisposed
individual under the influence of various adverse
environmental factors and leads to damage to the
central nervous system with subsequent disability.
About 2,8 million people suffer from MS worldwide
[1]. The prevalence of MS in Russia ranges in different
regions from 36 to 79 cases per 100,000 population,
while children constitute some 4—5% of all patients
[2]. The disease has a remitting course in most children
(97-99%), and the average age of the nosology onset
is 14,2 + 1,3 years [2]. Modern drugs allow to reduce
the number of exacerbations and the progression of the
disease [3]. Patients are prescribed long-term therapy
with drugs, changing the course of MS (PITRS). There
are 2 approaches of treating MS — escalatory and
inductive. Escalatory approach implies prescription
of T'line PITRS, in case of their inefficiency, drugs of
IT line are used. Inductive approach uses drugs of II
line at the initial stage of therapy that are considered
more efficient, but have a large number of adverse
reactions [4]. IFN-81a — I-line drug (allowed from 12
years) and fingolimod (II-line drug, allowed from 10
years) are referred to drugs allowed for MS treatment
in children in Russia [5]. The mechanism of IFN-g1a
action is to reduce T-cell activation and adhesiveness,
the inhibition of matrix metalloproteinases and the
loss of the ability for lymphocytes to pass through the
blood-brain barrier. The effect of fingolimod is aimed
at suppressing lymphocyte release from the lymph
nodes [4].

The main mechanism of MS pathogenesis is
immune system dysfunction [6]: particularly,
the prevalence of T-helpers type 1 (Th1l) over
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T-helpers type 2 (Th2) during an exacerbation
and the production of increased levels of such pro-
inflammatory cytokines as IFNy and I1L-12 [7]. There
is also the critical role of T-helpers 17 (Th17) in the
pathogenesis of MS, producing IL-17 and 1L-23 [8].
Adults with MS showed an increase in the cytokine
concentration of both Th1- (IL-18, IL-2 u TNF«)
and Th17-lymphocites (IL-17A, TL-21 and IL-22)
that confirms both populations of T-lymphocytes
to be involved in the pathogenesis of MS [9]. The
inflammatory response and impaired interaction
of immune cells with MS, mediated by cytokines,
constitute an attractive target for MS immunotherapy
[10]. Over the last decade there has been an increase
in the number of studies, dedicated to the search for
predictive biomarkers of disease progression and
response to drug treatment [11, 12]. It has been
shown in adult patients with MS that an increase in
concentration of cytokines IL-1«, IL-4, IL-18, CCL7
CCL27, INFy, LIF, M-CSF, SCF and TNF« allows to
differentiate the phase of MS with a high degree of
accuracy [13]. There are very few works on studies
of the levels of cytokines with MS in children. An
increase in the number of cytokines (IL-10, IL-21, TL-
23, 1L-27) was shown in children with MS both in an
exacerbation state and in remission, compared to the
group of healthy children [14]. Understanding of the
pathogenesis of MS will contribute to the development
of treatments, modifying the course of the disease, and
the search for predictors of inefficiency of drugs used
will allow to adjust therapy on time.

The purpose of this work was to identify the main
cytokines and cytokine profiles to prognose the
efficacy of INF-g1a therapy in children with multiple
sclerosis.
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MATERIALS AND METHODS

66 children with MS, aged 14,2-17,5 years
(average age — 16 years) were examined,
undergoing ING-B1« therapy. The patients were
divided into groups based on clinical anamnestic
and the presence of active foci of demyelination by
the results of magnetic resonance analysis (MRA):
group 1 contained patients with exacerbation
of MS (with active foci) (n = 34); group 2 —
patients in remission of MS (without active foci)
(n = 32). The groups were compared by duration
of the disease: exacerbation — [Me 1,2 (0,6-2,2)],
remission — [Me 1,5 (0,7-3,4)], p = 0,545 — and by
the duration of INF-B1a therapy: exacerbation —
[Me 67,4 (14,8-95,7)], remission — [Me 41,4 (4,9—
138,0)], p = 0,498.

All children were examined according to
regulatory documents of the Russian Federation
after receiving approval from the local ethics
committee FSAI “NMRC for Children’s Health”,
the Health Ministry of the Russian Federation
(protocol Ne 6 of 11 June, 2019) and informed
consent of parents and children over 14 in
accordance with the Declaration of Helsinki.

Venous blood samples for the study were obtained
from the cubital vein on an empty stomach in BD
Vacutainer® clot activator test tubes. The test
tubes with blood were centrifuged at 1500 rpm for
10 min, the resulting serum was stored at —80 °C
until analysis.

The measurement of cytokine concentration in
samples was performed using multiplex analysis
(xMAP-technology) with MILLIPLEXMAP
Human Th17 Magnetic Bead Panel (EMD
Millipore Corporation, USA). The analysis made
was according to the manufacturer’s instruction,
followed by analysis on Bio-Plex™ 200 Assay
System (Bio-Rad, CIITA) flow fluorometer using
xPONENT 4.2 and Milliplex Analyst 5.1 software.
The panel of the studied cytokines included: TL-
17F, GM-CSF, IFN-y, IL10, CCL20/MIP3«,
IL12p70, IL13, TL15, IL17A, IL22, IL9, IL1B,
1133, IL2, 1L21, IL4, 1123, IL5, IL6, IL17E/IL25,
1127, TL31, TNFa, TNFB, IL28A. The results of
cytokines were obtained in pg/ml. Differences
between the groups of patients in exacerbation
and remission of MS were analyzed on separate
cytokines as well as on the complex of cytokines,
associated with different cells and their functions:
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macrophage M (IL-1+IL-6+TNF-«), regulatory
Reg (ILA+IL5+IL10+IL13+1L33), associated with
particular cells (¢), cell functions (f): Th1-assoiciated
(cTh1) — (IFN-y+IL12p70+TNF-g+IL2); Th2-
associated (cTh2) — (IL4+IL5+IL10+IL13+IL17E/
[L25+1L33), Thi7-associated (cTh17)
(IL1B+IL6+IL17A+IL17F+1L21+10L22+11L23),
fTh2+mast-associated fTh2+mast)
(TL4+TL5+TL31+1L13); family TL-12 (fIL12) —
(IL12+1L23+1L27); fTh17 — (IL17A+IL17F);
fTh2 (TLA+IL5+IL13); fTh22 (IL13+11.22) [14, 15,
16, 17].

Toanalyze and normalize data for cytokine profiles,
we have implemented the approached, described in
Cataldi C. work [18]. Z-standardization (z-score)
was conducted for cytokines, using the following
formula: z = (x;,—p) /o, where z — standardized score,
x; — initial sampling unit, u — arithmetic mean,
o — standard deviation. Z of separate cytokines was
summed up to define z-score of cytokine complexes.

Statistical processing of the data obtained was
carried out using Statistica 10.0 (StatSoft, USA)
programs. Descriptive statistics of quantitative
trait are presented in the format: median
(lower and upper quartiles) — Me (Qg25—Qq.75)-
Significance of differences between groups in
the condition of exacerbation and remission was
evaluated using nonparametric the Mann-Whitney
U-test. Differences were considered statistically
significant at p < 0,05. ROC-analysis was used to
identify thresholds of cytokines in exacerbation
and remission, the area under the curve, sensitivity
and specificity were determined (SPSS, version 25,
USA). Spearman correlation analysis was carried
out to evaluate the effect of disease and therapy
duration on the level of cytokines in patients with
MS.

RESULTS AND DISCUSSION

The content of cytokines in the blood serum
in patients with MS in groups with and without
active foci of demyelination is presented in the table
1. In particular, significant differences for 9 pro-
inflammatory cytokines out of 25 studied ones (IL5,
IL6, TL9, 1L12p70, IL17E/1L25, 1121, IL28A, GM-
CSF, TNFB) were found when comparing two groups.
Concentrations of all the above cytokines were
higher as well in the group of patients with active foci,
compared to the group of patients without active foci

(table 1).
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Table 1. Cytokine content in groups of MS patients with active foci and without active foci
Tabnuua 1. CoaeprkaHue ULMTOKMHOB B rpynnax naumeHToB ¢ PC ¢ akTMBHbIMU o4aramu U 6e3 akTUBHbIX 04aroB

Cytokine name Group 1
Me (Qo,25—Qo.75),
pg/ml
N=34
IL18 1,7 (0,3-2,0)
IL2 6,3 (4,3-10,8)
IL4 95,2 (27,6-130,4)
IL5 5,3/(8,7-6,5)
IL6 11,7 (0,9-30,2)
IL9 8,5(1,8-25,5)
IL10 2,6 (0,1-5,1)
IL12p70 2,2(1,9-2,6)
IL13 198,2 (101,7-313,1)
IL15 5,5(3,9-9,2)
IL17A 0,5 (0,3-0,8)
IL17E/IL25 25,6 (10,5-33,4)
IL17F 45,6 (9,7-55,9)
IL21 7,5 (5,3-8,8)
IL22 709,3 (36,0-1444,0)
IL23 928,9 (8,0-1343,0)
IL27 518,7 (394,5-745,5)
IL28A 369,9 (45,0-808,9)
IL31 35,1(18,2-66,3)
IL33 20,9 (6,2-28,2)
CCL20 21,5(16,9-25,6)
GM-CSF 212,4 (148,1-255,0)
IFNy 3,8 (3,0-9,0)
TNFa 15,0 (9,7-16,8)
TNFB 71,9 (3,0-149,0)

Note: group 1 — with active foci, group 2 — without active foci.

Group 2 P12

Me (Qo,25—Qo,75),

pg/mi

N=32

1,7 (0,5-2,0) 0,084
5,2 (2,5-10,8) 0,237
38,6 (4-124,2) 0,165
1,9(0,1-4,1) 0,013
1,5(0,3-5,4) <0,001
0,2 (0,2-4,9) <0,001
2,4 (0,1-5,1) 0,814
1,7 (0,2-2,0) 0,021
133,9 (57,4-235,7) 0,092
5,5(1,9-10,8) 0,784
0,3(0,2-1,2) 0,0985
7,7(2,0-29,9) 0,049
16,8 (2,2-39,6) 0,062
5,3(0,9-7,7) 0,031
36,0 (36,0-797,8) 0,146
83,6 (8,0-1025,0) 0,185
558,6 (334,5-860,9) 0,924
45,0 (45,0-255,1) <0,001
4,2 (0,7-50,5) 0,098
2,4(0,1-22,1) 0,105
20,1 (8,5-32,0) 0,579
12,4 (2,0-217,2) 0,019
3,3(0,9-8,3) 0,495
11,1(7,4-30,7) 0,479
3,0(3,0-7,9) <0,001

MpyMeyaHue: rpynna 1 — ¢ akTMBHBIMU 04aramu, rpynna 2 — 6e3 akTMBHbIX 04aroB.

A weak inverse correlation is revealed between
disease duration in children with MS and the
level of cytokines: 1L33 (R -0,26); 1L23
(R = —0,27); IL6 (R = —0,32); TL31 (R = —0,27);
IL28A (R = —0,25). A similar correlation is found
between therapy duration in children with MS and
the level of cytokines: IL17F (R = —0,38); IL10
(R = —0,48); IL12p70 (R = —0,49); L2 (R = —0,37);
IL4 (R = —0,40); IL5 (R = —0,34); IL6 (R = —0,34);
IL17E/IL25 (R = —0,33); TNFg (R = —0,33);
IL28A (R = —0,37). Thus, there was reduced level
of cytokines in the blood serum in children with
MS with an increase in duration of the disease and
INF-g1a therapy. ROC-analysis showed a good
quality of the separation model for exacerbation/

35

remission conditions for the following cytokines:
L9 (AUC = 0,785), IL6 (AUC = 0,750), TNFB
(0,740), IL28A (AUC = 0,744) (fig. 1).

Threshold cut-off values are obtained, above
which it is possible to prognose exacerbations of MS
in patients (table 2.)

There was evaluation of cytokine complexes on
z-score in groups of patients with MS. Analysis of
the results showed that cytokine profiles M and
with Th1 on z-score were significantly different in
patients with active foci, compared to patients in
remission, whereas cytokine profiles, associated with
Th2 and Th17 cells, mesxxay rpynmamu did not differ
significantly between groups (fig. 2A). Meanwhile,
difference between groups of patients with MS for
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Fig. 1. ROC curves for serum cytokines in children with MS. A — IL9, IL6; B — TNFg, IL28A
Puc. 1. ROC-kpuBble ons LUTOKMHOB CbIBOPOTKM KpoBu y aeteii ¢ PC. A —IL9, IL6; B — TNFB, IL28A

Reg, fTh22 and fTh2 cytokine profiles were reliable
(fig. 2B).

Thus, patients with MS exacerbation showed a
significant increase in pro-inflammatory cytokines,
involved in the differentiation and activation of
different types of Th-cells, compared to patients in
remission of the disease. It has been also found that
patients in MS exacerbation experience a significant
increase in cytokine production, necessary for
differentiation from naive CD4*-cells in Tht-
cells and a significant increase in cytokine profile,
characteristic of M1-macrophages as well as levels
of cytokines, associated with the activation and
function of Th2-cells: IL5, IL17E /IL25, 113, 1L33.
It is interesting to note that patients in exacerbation
showed a significant increase in cytokines of the
regulatory profile (IL4, IL6, 1110, IL11 u IL13,1133).
It is known that, on the one hand, these cytokines

play a neuroprotective role, and on the over hand,
may be involved in the damage to the brain tissues,
activating Th2-cells with subsequent stimulation of
B-cells and complement activation [19]. We have
shown previously that patients with active foci of
demyelination have a significantly lower number of
T-regulatory lymphocytes, compared to the group
in MS remission, which might be explained by the
compensatory response of T-cells [20]. Recently
there have been studies on Th22 role in autoimmune
diseases that produce 1122 and 1113 [21, 22].

It is known that, depending on the
microenvironment, Th22 may differentiate into Th1-
and Th2-cells. Besides, IL22 can play synergistic
role with 117, damaging the integrity of blood-
brain barrier [21]. As our study has shown, patients
in exacerbation of MS have a significantly increased
profile of cytokines, synthesized by Th22-cells.

Table 2. Cytokine thresholds for exacerbation/remission conditions in children with MS
Tabnunua 2. NMoporoBble 3HA4YEHUS LLUTOKMHOB [J1 COCTOSIHUI 060CcTpeHne/pemuccusa y aeteii c PC

Cytokine Sensitivity
(Sn), %

IL9 70,6

IL6 70,6

TNF8 70,6

IL28A 70,6
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Specificity cut-off,
(Sp), % pg/ml
71,9 3.9
68,8 4,0
71,9 6,6
71,9 243,0
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Fig. 2. Z-score of cytokine profiles. A— M, cTh1, cTh2, cTh17. B — cytokine profiles associated with the function:

fTh17, fll12, Reg, fTh22, fTh2-mast, fTh2

Puc. 2. Z-score npoduneit LUTOKMHOB Yy NALMEHTOB C aKTUBHbIMM o4araMmu n 6e3 akTUBHbIX o4aros. A — M, cTh1,
cTh2, cTh17. B — npodunu uMTOKNHOB, accouunpoBaHHble ¢ dyHkumeii: fTh17, fll12, Reg, fTh22, fTh2-mast,

fTh2

Mpumeyaxune: *
owmnbKu.

Note: * —

CONCLUSION

For the first time, we obtained the data that
demonstrate an increase in cytokine levels
in patients with active foci of demyelination
compared to patients in remission of MS. There
is an increase in proinflammatory cytokines,
necessary for differentiation of naive CD4"
T-cells into effector cells and activation of not
only Th1 and Th17, but also Th2 and Th22-
helper populations. Most significant differences
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