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Pesrome. [Icopraz — XxpoHMYECKOE BOCTIAJIMTEIIFHOE 3a00JIeBAHNE KOXHN XapaKTEPU3YeTCsT TTOBBIIICHHOMN
nponudepaimeit SMuAepMaIbHBIX KJIETOK, HapyIIeHEeM KepaTMHU3ALMKM U BOCIIAJIUTCIbHOMN peakiiieil B
nepMe, o0yCIoBIeHHOM akTuBalmeit T-1uM@OnInTOB M CUHTE30M ITPOBOCIIAIMTEIILHBIX IIMTOKMHOB. [1aTo-
busnoNorusd rmcoprasa CBsi3aHa He TOJIBKO C aKTUBALIMEH TTPOBOCITAJIMTENbHBIX PEAKIIUI, a TAKXKE CO CHU-
KEHHUEM MPOTHUBOBOCITAIMTEIBHBIX (DYHKIINI MMMYHOCYIIPECCOPHBIX KJIETOK. M3BecTHO, uTo Treg, Breg u
KJIETKHA-CYIIPECCOPBI MUEIOUTHOTO TIporcxoxaeHus (MDSCs) He BBIIOTHSIIOT CBOM KJIACCUYCCKUE TOME-
ocTaTM4ecKre (YHKIIUM MpU TIcoprase. B mocieqHme roapl Bce yallle BCTpEeJaloTCs Cilydad pa3BUTHS pe-
3UCTEHTHOCTU K MPOBOAMMOI Tepallii TeHHO-MHXEHEePpHBIMU Onosiormdeckumu Tiperrapatamu (IMBIT) B
JIETCKOM BO3pacTe, TpeOYoIIre 3aMeHBI MJIM OTMEHBI npenapata. Lleab ncciiemoBaHms COCTOsIIa B OIICHKE
conepxkanus cyoromysiiniit MDSCs n nx yHKIIMOHAIBHONW aKTUBHOCTH B TIepUMEPUICCKON KPOBHU Y Ac-
Tel ¢ ricopuaszoM nipu pasHoit apdexktuBHocT TMBIT. O6¢cnenoBano 110 meTeit ¢ ByJabrapHbIM IICOPUA30M
IO Ha3HAYeHMSI OMOJIOTMYECKOM Teparuu, Ha 16-ii 1 52-i1 HefelsIX Tepaluu agaluMyMa0doM, 3TaHEPLENTOM
M YCTUKMHYMa0oM, B Bo3pacte ot 6 10 18 jeT. [pymity cpaBHeHMsT — 34 310pOBbIX pebeHKa, COIOCTABUMBIX I10
Bo3pacTy. D GeKTUBHOCTD Tepalliy OLICHUBAJIN 110 mocTrkeHUIo PASI 75 K roay Tepanuu. MeTomoM MHO-
TOLIBETHOI IIPOTOYHON IIMTOMETPUN MPOBOAMIIN OICHKY comepkaHusa MDSCs n ux cyoronyIsinuii, u ak-
TUBHOCTH apTUHAa3bI- 1. YcTaHOBICHO yBenmueHne coaepkanus MDSCs y neTeii ¢ mcopra3zoM OTHOCUTEIBHO
rpynmsl cpaBHeHUS (p = 0,000). AHanm3 3(pGeKTUBHOCTH OMOJIOTMISCKOM Tepalluu y AeTeil C ITcopra3oM,
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no nHaekcy PASI, mokasan nocToBepHOe CHUXKEHME TSDKECTH 3a00JIeBaHUS B TPYTITIE MAIIMEHTOB C XOPOIITUM
s dexToMm, KaKk Ha 16 Hemene Teparmuu (p = 0,000), Tak 1 K roxy jdedenuss [MUBIT (p = 0,017). ¥ nmeteii ¢
MCcopua3oM MpU pa3Hoil 3(pheKTUBHOCTU U IJIUTEIbHOCTA OMOJOTMUYECKOU Tepalluy BbISIBJIeHA pa3Has Iu-
Hamuka cogepxkanuss MDSCs. B rpynne nmauyueHTOB ¢ XOopoluuM 3(p(GeKToM OMOJIOTUYECKOl Tepanuun, Kak
JI0 HavaJjia JIedeHUs, TaK U K 52-11 HeJese Tepariiu, Boillle npoleHT ooiei nonyasauun MDSCs (p < 0,01). Y
JIIeTel C IICOPMAa30M BBISIBJICHO YBEJINMYCHUE UMMYHOCYTIpeccuBHOM ¢pyHKIIMT MDSCs 110 aKkTUBHOCTH apri-
Ha3bl-1 oTHOCUTEIbHO rpyIinbl cpaBHeHus (Me 3,2 (3,0-3,4) MFI npotus Me 2,7 (2,6-2,9) MFI; p = 0,000).
AKTUBHOCTbH apruHa3bl- | y malimeHTOB C TIcopra3oM B ctanuu perpecca 3adoneBanust (PASI < 10) noctosep-
HO yBeJIMueHa OTHOCUTEIBHO JeTeil B mporpeccupytoieit craauu rcopuasa (PASI > 10; p = 0,001). Takum
obpaszom, cogepxkaHnue MDSCs u ux cynpeccopHast aktuBHocTb MDSCs y neteii ¢ ricopuazoM uHpopma-
TUBHA B rporHo3e 3@ dexktuBHocTu Tepanuu ' MBI1. Yckonb3anue adpekra Onosornyeckoii Teparnuu rnocse
MHIYKIIMOHHOTO Kypca COIPOBOXIAaeTcsl CHUXKeHueM KojaudectBa MDSCs 1 nx yHKIIMOHATIBHOU aKTHUB-
HOCTH.

Karoueswie crosa: MDSCs, apeunasza- 1, demu, ncopuas, buonpenapamaot, npomoYHAs YUMoMempusi

ROLE OF MYELOID-DERIVED SUPPRESSOR CELLS IN
PREDICTION OF THE EFFECTIVENESS OF BIOLOGICS IN
CHILDREN WITH PSORIASIS

Kuptsova D.G.?, Radigina T.V.2, Freidlin E.V.2, Kurbatova O.V.2"¢
Murashkin N.N.2, Petrichuk S.V.2

@ National Medical Research Center for Children’s Health, Moscow, Russian Federation
b Central State Medical Academy of Department of Presidential Affairs, Moscow, Russian Federation
¢ I. Sechenov First Moscow State Medical University, Moscow, Russian Federation

Abstract. Psoriasis is a chronic inflammatory skin disease characterized by increased proliferation of
epidermal cells, impaired keratinization, and an inflammatory reaction in the dermis due to activation of
T-lymphocytes and synthesis of proinflammatory cytokines. Pathophysiology of psoriasis is associated not
only with activation of proinflammatory reactions, but also with decreased anti-inflammatory functions of
immunosuppressive cells. It is known that Treg, Breg and MDSCs do not perform their classical homeostatic
functions in psoriasis. In recent years, there have been more and more cases of developing resistance to
ongoing therapy with genetically engineered biological drugs (GEBD) in childhood, requiring replacement
or discontinuation of the drug. The aim of our work was to estimate the content of MDSCs subpopulations
and their functional activity in the peripheral blood of children with psoriasis at different effectiveness of
biotherapeutic drugs. We examined 110 children with psoriasis vulgaris before the appointment of biologics,
at 16 and 52 weeks of therapy with adalimumab, etanercept and ustikinumab, aged 6 to 18 years. Comparison
group consisted of 34 healthy children. The effectiveness of therapy was assessed by the achievement of PASI
75 by one year of therapy. Contents of myeloid-derived suppressor cells (MDSCs) and their subpopulations,
and the activity of arginase-1 were assessed by multicolor flow cytometry. An increased content of MDSCs
was found in children with psoriasis against the comparison group (p = 0.000). Analysis of the effectiveness
of biologics in children with psoriasis, according to PASI, showed a significant reduction in disease severity in
the group of patients with good effect, both at week 16 of therapy (p = 0.000) and by one year (p = 0.017). In
the group of patients with good effect of biological therapy, percentage of total MDSCs population was higher,
both before start of treatment and by 52" week of therapy (p < 0.01). Children with psoriasis showed increased
immunosuppressive function of MDSCs by arginase-1 activity versus the comparison group (p = 0.000). The
arginase-1 activity in patients with psoriasis at the stage of disease regression (PASI < 10) was significantly
increased relative to children in progressive stage of psoriasis (PASI>10; p = 0.001). Thus, the content of
MDSCs and their suppressive activity in children with psoriasis is an informative efficiency predictor of the
biological drugs. Fading of biotherapy effect after the induction course is accompanied by decreased number of
MDSCs and their functional activity.

Keywords: myeloid-derived suppressor cells, arginase- 1, children, psoriasis, biologics, flow cytometry
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Introduction

Psoriasis is a chronic inflammatory skin disease
with hereditary predisposition and is characterized by
increased proliferation of epidermal cells, impaired
keratinization, and an inflammatory response in
the dermis due to activation of T lymphocytes and
synthesis of proinflammatory cytokines [1, 6]. The
pathophysiology of psoriasis is related not only to
the activation of proinflammatory reactions, but also
to a decrease in the anti-inflammatory functions of
immunosuppressor cells. In particular, it has been
shown that regulatory T cells, regulatory B cells,
and myeloid-derived suppressor cells (MDSCs) do
not perform their classical homeostatic functions in
psoriasis [9, 10].

MDSCs are a population of immature myeloid
cells with an immune regulatory role [3, 11]. MDSCs
originate from common myeloid precursorsinthe bone
marrow and under normal conditions differentiate
into endothelial cells, macrophages, dendritic cells,
or neutrophils [8]. However, under inflammatory
conditions, aberrant resistant myelopoiesis can lead
to the accumulation of immature myeloid cells.
Increased growth factors (GM-CSF and VEGF) and
cytokines (TNFa, IFNy, IL-13, IL-6 and TGFp)
are known to accelerate the expansion of MDSCs
in the bone marrow and lead to the accumulation of
these cells in the periphery [2, 13]. MDSCs possess
surface markers of myeloid cells and have no specific
markers characteristic of lymphocytes, dendritic
cells, natural Kkiller cells, and macrophages [13, 14].
MDSCs express CD11b" and CD33" myeloid cell
markers, but are negative for HLA-DR antigens and
linear specific antigens (Lin) such as CD3, CDI19,
and CD56 [7]. Two main subpopulations of MDSCs
are currently characterized: monocytic (M-MDSCs)
and granulocytic (G-MDSCs) [4, 13].

MDSCs exhibit suppressor activity against
innate and adaptive immune cells using different
immunosuppression mechanisms [4, 13, 14]. One
of the mechanisms by which MDSCs develop
immunosuppression is the depletion of nutrients for
T cells, in particular arginine stores. MDSCs produce
the enzyme arginase-1, which degrades arginine
and also causes damage to the -chain of the TCR,
thus blocking activation and proliferation T cells [2,
4, 13]. MDSCs modulate the immune response in
a variety of diseases, including numerous types of
cancer, inflammatory bowel disease, trauma, burns,
infections, and transplants [2, 3, 11, 13]. Previously,
we showed that children with psoriasis have increased
levels of MDSC:s relative to healthy children [6]. Also,
adult patients with psoriasis have been shown to have
increased MDSCs in peripheral blood compared to

healthy controls, which is associated with the severity
and duration of the disease [2, 3, 8, 15].

To treat psoriasis in children, algorithms for
external and systemic therapy have been developed
based on physical examination and clinical evaluation
of characteristic signs and changes in the patient’s
skin. In cases of moderate or severe disease, as well
as in the ineffectiveness of previously used therapy,
the prescription of genetically engineered biological
drugs (GEBD) is indicated [1, 10]. The targeting
effect of biologics is based on the blockade of the
main proinflammatory cytokines involved in the
pathogenesis of psoriasis, such as TNFa, [L-17, [L-12
and IL-23 [1, 3, 10]. To achieve a sustained remission
on biologics requires long-term treatment, which,
unfortunately, does not guarantee the preservation
of the effect in the case of drug withdrawal. One of
the factors of loss of response to GEBD therapy is
the production of antibodies to biological drugs, and
monitoring their level is recognized as a necessary
criterion for controlling the ongoing treatment [5].
In recent years, there have been more and more cases
of development of resistance to the ongoing therapy
of GEBD in children, requiring replacement or
withdrawal of the drug [5, 12]. In this connection,
the search for informative immunological criteria
of effectiveness of biologics for psoriasis, as well as
the identification of factors that lead to a decrease
or absence of the effect of GEBD in patients with
psoriasis, remains relevant.

The aim of the study was to evaluate the content of
MDSCs subpopulations and their functional activity
in peripheral blood in children with psoriasis at
different efficacy of GEBD.

Materials and methods

The study included 110 children with vulgar
psoriasis who were treated with HIBP at the
Department of Dermatology with the Laser Surgery
Group of the Federal State Institution “Scientific
and Research Center of Children’s Health” of the
Ministry of Health of Russia. The patients were
examined before biological therapy, at weeks 16
and 52 of therapy with adalimumab, etanercept and
ustekinumab. Inclusion criteria in the study: age
of children 6-18 years old, established diagnosis of
psoriasis vulgaris, compliance with the multiplicity
and dose of GEBD administration. Exclusion criteria:
other forms of psoriasis in children, age over 18 years,
inability to obtain a blood sample. The severity of
psoriasis was assessed by the PASI, which varied from
0to 68 (Me 14.0 (9.0-19.9)).

The effectiveness of therapy was assessed by
achieving PASI 75 by one year of therapy: group 1
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included children with an insufficient effect of GEBD
(“IE”, less than PASI 75, n = 52), group 2 included
children with a good effect (“PASI 75” or more,
n = 58). The children examined ranged in age from 6
to 18 years, children in groups 1 and 2 did not differ
in age: 12.3 (7.8-16.4) years versus 12.5 (8.8-15.3)
years, p = 0.821. The study complied with the ethical
principles of the Declaration of Helsinki (WMA
Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects, 2013)
and was approved by the local ethical committee
National Medical Research Center for Children’s
Health of the Russian Ministry of Health (protocol
No 2 of 14.02.2020).

The content of MDSCs subpopulations was
determined by stepwise gating according to a
previously described algorithm [6], using multicolor
flow cytometry: including the isolation of the
“lymphoid-monocytic” region, the isolation of
a population of cells that do not carry linear
lymphocytic markers CD3, CD19, CD56 with PE
fluorochrome and are negative for HLA-DR —
FITC, the isolation of a double positive population
for CD11b markers — APC-Cy7 and CD33 — PE-
Cy7, division of the subpopulation of MDSCs by
expression of CD14 — PerCP and CD15 — APC
(Beckman Coulter, Sony Biotechnology, USA). The
MDSCs were phenotyped as monocytic (M-MDSCs)
with the phenotype CDI11b*"CDI14*CD33*HLA-
DR/¥, granulocytic subpopulation (G-MDSCs) as
CDI11b*CD15"CD33*HLA-DR~*¥ and population
cells negative CD14 and CD15 (M-G-MDSCs) with
the phenotype CDI11b*CD33"HLA-DR/*"CD14-
CDl15.

The immunosuppressive ability of the MDSCs
population was assessed by the activity of the

intracellular enzyme arginase-1 in 40 children
with psoriasis and 32 children in the comparison
group. Sample preparation included isolation of
peripheral blood mononuclear cells from patients.
To the isolated cell suspension (100 pL), 10 uL of
monoclonal antibodies were added according to the
following panel: CD3, CDI19, CD56, HLA-DR —
FITC (cocktail), CD11b — APC-Cy7 and CD33 —
PE-Cy7. Permeabilization cells was performed using
the BD Cytofix/Cytoperm kit (USA) according to the
manufacturer’s instructions. After permeabilization
of the cells, 10 ul of arginase-1 with fluorochrome
PE was added and incubated for 20 min in a dark
place. The sample was recorded on a Novocyte flow
cytofluorimeter (ACEA Biosciences, USA). The
activity of arginase-1 enzyme was determined by
mean fluorescence intensity — MFI.

Statistical analysis was performed using Statistica
10.0 (StatSoft, USA) and ROC analysis using SPSS
16.0 (SPSS: An IBM Company, USA). Descriptive
statistics of the number of cells are presented in
the form of a median (lower — upper quartiles) —
Me (Qg15-Qp.75). The non-parametric Mann—Whitney
test considered differences between independent
groups; differences were considered significant at
p <0.05.

Results and discussion

Assessment of the MIDSCs population in children
with psoriasis showed a significant increase in this
population relative to the comparison group (Table 1).
The increase in the relative amount of the MDSCs
population is mainly due to the monocytic MDSCs
subpopulation (M-MDSCs). A significant increase in
both the absolute and relative numbers of M-MDSC:s,

TABLE 1. RELATIVE AND ABSOLUTE NUMBER OF MDSCS AND THEIR SUBPOPULATIONS IN CHILDREN WITH PSORIASIS

AND IN THE COMPARISON GROUP

Population cells I;:o=r|1a1$(;)s Comp(a;l:(:);r;)group p
cells/uL 75 (48-114) 41 (25-53) 0.000
MDSCs
% PBMCs 2.7 (1.6-3.9) 1.4 (0.9-1.7) 0.000
cells/uL 10 (4-26) 3(1-8) 0.000
M-MDSCs
% MDSCs 14.5 (5.7-29.1) 9.7 (6.6-16.1) 0.006
cells/uL 15 (6-32) 8 (4-16) 0.001
G-MDSCs
% MDSCs 21.0 (10.9-36) 25.2 (12.6-43.8) 0.339
cells/uL 39 (25-58) 21 (9-35) 0.000
M-G-MDSCs
% MDSCs 54.7 (38.9-70.1) 66.3 (43.2-77.2) 0.032

Note. p, differences between independent groups by Mann-Whitney test, p < 0.05.
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as well as in the absolute numbers of G-MDSCs and
M-G--MDSCs, with a decrease in the relative number
of nondifferentiated MDSCs (M-G-MDSCs), re-
lative to those in the comparison group, was found for
children with psoriasis (Table 1).

Analysis of the effectiveness of biologics in children
with psoriasis, according to the PASI index, showed a
significant and significant reduction in the severity of
the disease in the patient group when PASI 75, both
at 16 weeks of therapy (from 20.1 (14.0-31.0) to 11.3
(7.0-15.0), p = 0.000), and by one year of GEBD
treatment — 6.1 (1.5-9.9), p = 0.017. In the group
of children with insufficient effect of biologics the
decrease of PASI index was less pronounced and by
one year of therapy PASI was higher than 10 points
(16 weeks — 16.2 (15.0-21.0), 52 weeks of GEBD —
10.9 (4.9-22.0)). Before prescription of biological
therapy, groups 1 and 2 did not differ in terms of
PASI index (p = 0.631), but starting from week 16 of
therapy, PASI index in the group of patients with good
effect was significantly lower than in the group with
poor effect.

Analysis of the content of MDSCs subpopulations
at different efficacy of GIBP in children with psoriasis
showed that the percentage of total MDSCs population
was significantly reduced in the group of patients with
insufficient effect of biologics, both before treatment
started and by 52 weeks of therapy relative to group 2
(Figure 1).

In children with psoriasis, different dynamics in the
content of MDSCs subpopulations were revealed with

1 0.000
15 0.002 o 0.467
: 3 v o
%
g
10 o
= o (=]
ﬁ' o
aQ ' 4 oo}
= o 0%
Y
-
0 T

0IE 0PASIT75 16IE  16PASI75 52IE  52PASIT75

Figure 1. Relative number of MDSCs at insufficient effect
(IE) and reaching PASI 75 (PASI 75) in children with
psoriasis at 0, 16, 52 weeks of biological therapy

Note. The dotted line indicates the range of the comparison group.

different efficacy and duration of biologics: at the time
of incubation course of GEBD therapy, a significantly
lower percentage of M-MDSCs was obtained in
group 1 compared to group 2 (p = 0.041). By one
year of GEBD therapy, a significant increase in the
granulocyte subpopulation of G-MDSCs (p = 0.003)
with a decrease in the number of undifferentiated
M-G--MDSCs was obtained in the group with a good
effect (p = 0.000; Table 2).

TABLE 2. CONTENT OF SUBPOPULATIONS OF MDSCS IN CHILDREN WITH PSORIASIS IN PERIPHERAL BLOOD WITH

DIFFERENT EFFECTIVENESS OF BIOLOGICS

. Duration of _G_roup ! . Group 2
Population therapy, week Insufflmer_\t effect (IE, Achleveme:\t of PASI 75 p
n = 52) (n = 58)
0 2.0 (1.5-3.8) 3.2 (2.8-5.8) 0.002
MDSCs, % PBMCs 16 4.1 (2.5-5.1) 2.9 (2.1-4.7) 0.467
52 1.4 (1.0-2.3) 3.6 (1.8-6.1) 0.000
0 21 (7.4-40.6) 18.7 (16.3-33.9) 0.682
M-MDSCs, % MDSCs 16 12.9 (6.7-30.4) 24.8 (11.7-35.3) 0.041
52 17.2 (3.1-36.2) 19.3 (1.3-32.1) 0.915
0 24.2 (14.4-37.1) 29.3 (15.1-43.2) 0.347
G-MDSCs, % MDSCs 16 28.2 (11.6-42.8) 21.1 (15.0-36.8) 0.613
52 10.4 (4.0-16.1) 19.8 (8.7-59.3) 0.003
0 42.1 (30.2-53.0) 43 (20.6-48.9) 0.400
gfs"MDSCS’ % MD- 16 50.1 (31.4-58.8) 48.3 (25.7-65.6) 0.231
52 59.7 (59.7-87.0) 48.7 (26.1-60.8) 0.000
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ROC analysis for MDSCs and their subpopulations
before and at week 16 of therapy revealed only an
average (AUC < 0.7) and poor quality (AUC < 0.6)
divisor model for the PASI 75 states and insufficient
effect: AUC MDSCs 0 week — 0.677; AUC MDSCs
16 week — 0.543. Thus, children with psoriasis showed
higher levels of MDSCs prior to therapy than those in
the insufficient-effect group when the biologics had a
good effect (p = 0.002). However, because of the wide
variation in the indices, it is impossible to calculate a
reliable cut-off level for predicting efficacy.

Assessment of the immunosuppressive function of
MDSCs by intracellular arginase-1 enzyme activity
showed a significant increase in enzyme activity in
children with psoriasis relative to the comparison
group (Me 3.2 (3.0-3.4) MFI versus Me 2.7 (2.6-2.9)
MFTI; p = 0.000).

A direct correlation between arginase-1 activity
and the relative number of G-MDSCs (r = 0.30;
p = 0.022), M-MDSCs (r = 0.40; p = 0.002) and
inverse with M-G-MDSCs (r = -0.54; p = 0.000) was
detected. No direct correlation of the enzyme activity
with the age of children and the duration of psoriasis
disease was detected. Analysis of arginase-1 activity in
patients with psoriasis in the disease regression stage
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progressive stage of psoriasis (PASI > 10), arginase-1
enzyme activity is significantly lower than in the
regressive stage of the disease. Thus, the content of
MDSCs and their suppressor activity of MDSCs in
children with psoriasis is informative in predicting
the effectiveness of HDI therapy. The slippage of
the effect of biological therapy after the induction
course is accompanied by a decrease in the number of
MDSCs and their functional activity.
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