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Pesiome. [lcopuaz — XpoHHMUYECKOE BOCHAIMTENILHOE 3a00jeBaHUE KOXM, XapaKTepHU3Ylolleecsl IOBbI-
LIICHHOI TIposindepalieii anuaepMaTbHbIX KIETOK, HapyllIeHMeM KepaTUHNU3alluU U BOCTIAIUTEIbHOMN peak-
yel B iepMe, OOyCIOBIeHHOM akTuBaleii T-1uM@OoIUTOB U CUHTE30M MPOBOCHAIUTEIbHBIX IIMTOKMHOB.
IMatodusmonorus ncopuasa TakKe CBs3aHa CO CHUKEHHMEM IIPOTUBOBOCHIAIUTEIbHBIX (DYHKIIMI UMMYHO-
CYIIPECCUBHBIX KJIETOK. B IociienHee BpeMsl Bce 4allle BCTPEYalOTCs Cllydaud pa3BUTHUSI PE3UCTEHTHOCTU K
MPOBOAMMOI Tepaluy GuomnpernapaTaMu B I€TCKOM BO3pacTe, TpeOylolle OTMEHbI IperapaTa Wiu ero 3a-
MeHbl. Llenb nccnenoBaHusl — OLIEHUTH CoAepXkKaHue cyononyasiuuii T-xearnepoB B MporHose 3PdeKTuB-
HOCTU OMOJIOTMYECKOM Tepaliuu y IeTeil ¢ ncopuazoM. MMyHoheHOTUIIMPOBaHUE Oy Isiluii T-xenmnepoB
nepudeprudecKoit Kpou npooawin y 110 geTeii ¢ ByJbrapHbIM IICOPUA30M 10 Ha3HAYEHUsT OMOIOIMYECKOM
Tepanuu, Ha 16-it u 52-i1 Henene seyeHus1. Bo3pact mereir cocraBui oT 6 1o 18 net. TskecTh mcopuasa u
3 dHEKTUBHOCTD Tepanuu olieHuBaau no nHaekcy PASI, kotopslii uameHsuicst ot 0 1o 68 6auioB. MeTomom
NPOTOYHOI LIUTOMETPUU ONpEIessiain coaepxkaHue T-xeanepon, peryasatopHbix T-knetok (Treg), akTuBu-
poBaHHbIX T-xenmnepon (Thact) u Thl7-numdoinuToB. B rpyrrme nmanueHTOB ¢ XOpominuM 3¢ deKToM O1o-
JIOTMYECKOM Tepanuu IoJiydeHo 3HaunMoe cHukeHue PASI, kak Ha 16-it Henese tepanuu (p = 0,000), Tak
u K rony nedyeHust (p = 0,017). ¥ gereii ¢ ncopuazomM, He 3aBUCUMO OT JJIMTENbHOCTU U 3(PPEKTUBHOCTU
ouomnperapaToB, ObLT YBeJIMUEH MpolieHT Thact oTHOCUTETbHO HOPMAaTUBHBIX 3HaUeHUit. B rpynne 1 1o Ha-
3HaUYeHUs OMOJIOrnYecKoil Tepanuu o6bu1 yBeaudeH npoueHT Thact (p = 0,005) u Th17 (p = 0,001). Ananu3s
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JTUHAMUKU CONepKaHUs MOMmyasauuii T-xeamnepoB B Te4eHUE rofa 6MoJI0OTHYeCcKOoi Teparuu y AeTeil ¢ pa3HOu
3 (PEeKTUBHOCTHIO JICUCHHUS ITOKa3aj, YTO HanboJiee 3HAUNMbIC N3MEHEHMSI BBISIBJICHBI B comepxkanuu Thl7
u Treg, a Takke ux orHoieHust Th17/Treg. ROC-ananu3 nmokasai, 4To npu otkjaoHeHuu Thl7 Beie 53%,
Thact Boiite 181% u Th17/Treg Boliiie 2,6 10 HazHaYeHUsI GUomnpernapaToB B 75% ciyd4aeB MOXHO OXKIATh
HEIOCTATOYHYIO 3((MEKTUBHOCTD Tepanuu K roxy. K oKoOHYaHNIO MHAYKIIMOHHOTO Kypca IIPpY OTKJIOHCHUM
Th17 Beire 102% u orHouennu Th17/Treg Boiiie 2,6 BeposITHOCTb Hea(h(HEKTUBHOIO JIeYSHUsI COCTaBIISI-
eT yxe 82%. B ucciienoBaHuM nokazaHa MHGOPMATUBHOCTh olieHKM Thact 10 Ha3HaYeHUsT OMOJIOTMYECKOMN
Tepanuu, nuHamuka Thl7 K KOHLY MHAYKILMOHHOTO Kypca u Treg mociie 16 Hedelab Tepanuu B MPOTHO3€E
appexktuBHoctu MBI y neteit ¢ mcopuazom.

Knroueswie cnosa: demu, ncopuas, buonpenapamot, T-xeanepot, Th17, Treg

CONTENT OF CD4'T CELL SUBPOPULATIONS IN PREDICTING
THE EFFICACY OF BIOLOGICAL THERAPY FOR PSORIASIS IN

CHILDREN

Kuptsova D.G.?, Radigina T.V.2, Kurbatova 0.V.?, Materikin A.L?,
Epishev R.V.2 Opryatin L.A.?, Khotko A.A.*, Murashkin N.N.»"¢,
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 dermis caused by activation of
T lymphocytes and synthesis of pro-inflammatory cytokines. The pathophysiology of psoriasis is also associated
with a decrease in anti-inflammatory functions of immunosuppressive cells. Recently, there are more cases
of development of resistance to ongoing therapy with biologics in children, requiring cancellation of drug or
its replacement. The aim of the study was to evaluate the content of T helper subpopulations in prognosis
of effectiveness of biologics in children with psoriasis. Immunophenotyping of T helper populations was
performed in 110 children with psoriasis vulgaris before appointment of biologics, at 16 and 52 weeks. Age
of children ranged from 6 to 18 years. Severity of psoriasis and effectiveness of therapy were assessed by index
PASI, which varied 0-68. Content of Tregs, Thact and Th17 was determined by flow cytometry. In group with
a sufficient effect of biologics, a decrease in PASI was obtained, both at week 16 of therapy (p = 0.000) and by
year of treatment, p = 0.017. In children with psoriasis, regardless of duration and effectiveness of biologics,
percentage of Thact was increased relative to normal values. In group 1 before prescription of biologics was
increased percentage of Thact (p = 0.005) and Th17 (p = 0.001). Analysis of dynamics of content of small
populations of T helper during 1 year of use of biologics in children with different efficacy of therapy showed
that significant changes were found in content of Th17 and Treg, as well as their Th17/Treg. ROC analysis
showed that when Th17 deviation was above 53%, Thact above 181% and Th17/Treg above 2.6 before biologics
were prescribed, insufficient efficacy of therapy could be expected in 75% of cases by year. By the end of
induction course, with a Th17 deviation above 102% and a Th17/Treg above 2.6, probability of ineffective
treatment was already 82%. The study shows the informative value of assessment of Thact before appointment
of biologics, dynamics of Th17 by the end of induction course and Treg after 16 weeks of therapy in prognosis
of effectiveness of biologics in children with psoriasis.

Keywords: children, psoriasis, biologics, T helpers, Th17, Treg
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Introduction

Psoriasis is a systemic chronic inflammatory
disease with an immunogenetic basis [3, 11]. Adaptive
immune cells in psoriasis are activated by aberrant
signaling of innate immune cells, and subsequently
release inflammatory mediators that enhance pso-
riatic manifestations on the skin. The cellular link of
the immune system is predominantly involved in the
development and maintenance of inflammation in
psoriasis [3, 14]. Clinically, psoriasis is characterized
by well-defined red, scaly plaques, and histologically
by increased proliferation of keratinocytes, dense skin
inflammatory infiltrates and angiogenesis [7, 14].

A special role in psoriasis is assigned to Th17-
Ilymphocytes (Th17) and cytotoxic T lymphocytes
(CD8"), since they largely produce cytokines of the
interleukin (IL)-17 family, thereby stimulating the
proliferation of keratinocytes [9, 13, 14]. It has been
shown that in psoriasis, Th17 enhances the immune
response of Thl cells, mainly due to the production
of IL-17A, which is responsible for the recruitment
of neutrophils, activation of innate immunity cells,
enhancement of B-cell functions and the release of
pro-inflammatory cytokines [7, 9]. A high percentage
of Th17 cells have been found in the circulating
and affected skin of psoriasis patients and a direct
correlation has been established between the number
of Th17 cells and the PASI (Psoriasis Area and Severity
Index) [8, 9, 13].

The pathophysiology of psoriasis is not only related
to the activation of pro-inflammatory reactions, but
also to a decrease in the anti-inflammatory functions
of immunosuppressive cells [10, 11]. It has been
shown that regulatory T cells (Treg), regulatory B cells
and myeloid-derived suppressor cells (MDSCs) do
not perform their classical homeostatic functions in
psoriasis [8, 10, 11]. It is known that Tregs are able
to suppress the activation and proliferation of effector
cells through the production of TGF-f3 and IL-10 [5,
12]. Anincrease in Th17 content and a decrease in the
proportion of Treg in the peripheral blood of patients
with psoriasis lead to an imbalance of Thl17/Treg,
which correlates with the severity of the disease [7, 8,
9, 13].

Over the past decade, the use of biologics in
children with psoriasis has shown its effectiveness,
persistent long-term remission and significantly
improved the quality of life of patients [2, 15]. The
targeting effect of genetically engineered biological
drugs (GEBD) is based on a blockade of the main pro-
inflammatory cytokines of disease pathogenesis, such
as tumor necrosis factor-alpha (TNFa), IL-17, IL-12
and IL-23 [2, 15]. However, in recent years, there are
more and more cases of resistance to biologic therapy
in children, requiring withdrawal or replacement
of the drug [1, 4, 6]. Factors in the loss of response
to GEBD therapy in patients with psoriasis include

a high body mass index, a burdened family history
and the production of antibodies to biologics [1, 2,
4, 6]. Nevertheless, there is a lack of information
and guidelines on the tactics of switching biologics,
and a complete lack of clear laboratory markers for
predicting the efficacy of GEBD in children with
psoriasis.

The aim of the study was to evaluate the content
of CD4* cell subpopulations (Thact, Th17, Treg) in
predicting the effectiveness of biologics in children
with psoriasis.

Materials and methods

In 110 children with psoriasis vulgaris, peripheral
blood T helper subpopulations were examined before
biological therapy, at weeks 16 and 52 of therapy
with adalimumab, etanercept and ustekinumab. The
effectiveness of therapy was assessed by achieving
“PASI 75” or more by the year of therapy: group 1
included children with insufficient effect of biologics
(“IE”, less than PASI 75, n = 52), group 2 — children
with good effect of biologics (“PASI 75” and more,
n = 58). The age of the examined children ranged
from 6 to 18 years. The children of 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. Inclusion criteria
in the study: the age of children from 6-18 years old,
established diagnosis of psoriasis vulgaris, compliance
with the frequency and dose of administration GEBD.
Exclusion criteria: other forms of psoriasis in children,
age over 18, inability to obtain a blood sample. The
severity of psoriasis was assessed by the PASI, which
varied from 0 to 68 (Me 14.0 (9.0-19.9)). 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).

Immunophenotyping of peripheral blood lym-
phocyte populations was performed by flow cytome-
try using monoclonal antibodies from the “Beckman
Coulter” (USA). Sample preparation involved
incubating 100 puL of whole blood with 10 uL of
fluorochrome-labelled monoclonal antibodies for
20 minutes in the dark. For lysis of erythrocytes was
used BD FACS™ Lysing Solution (BD Biosciences,
USA), with incubation time in the dark at room tem-
perature not exceeding 10-12 minutes. The samples ob-
tained were recorded on flow cytometer the Novocyte
(ACEA Biosciences, USA). The following populations
were determined by the sequential gating method:
CD3*"CD4" (T helpers), CD4"CD127°*CD25"e" (Treg),
CD4"*CD25*CD127"eh (activated T helpers — Thact)
and CD3"CD4*CD161" (Thl17). Statistical analysis
was performed using Statistica 10.0 (StatSoft,
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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 (Q,,5-Qy 75)-
The non-parametric Mann—Whitney test considered
differences between independent groups; differences
were considered significant at p < 0.05. The study
included children of different ages; in this regard, in
order to assess changes in the lymphocyte population,
the deviation of individual indicators from the age
norm level was calculated according to the formula:

X = Kain=X) / 0,01* (X — Xinin)

X,, value of the individual index normalized to the
age norm; X, value of the studied index; X,,,,, upper
limit of the age norm; X,,,, lower limit of the age
norm. The range of age norm was taken as 100%.

Results and discussion

Analysis of the efficacy of biologics in children
with psoriasis, as measured by index the PASI,
showed a significant and significant reduction in
disease severity in the group of patients with good
effect of GEBD (PASI 75), both at 16 weeks of
therapy (PASI decreased from 20.1 (14-31) to 11.3
(7-15), p = 0.000), and by year of treatment — PASI
decreased to 6.1 (1.5-9.9), p=10.017. However, in the
group of children with insufficient effect of biological
therapy (group 1), the decrease in the PASI index
was less pronounced and by the year of treatment

of biologics PASI exceeded 10 points (16 weeks —
16.2 (15-21), 52 weeks of GEBD — 10.9 (4.9-22).
It is worth noting that the groups of children with
different efficacy of biologics before the appointment
of therapy according to the PASI index did not
differ (p = 0.631), but by the 16" week of therapy, a
significant difference was revealed between the groups
according to PASI (p = 0.000), which persisted by the
year of treatment (p = 0.002).

An assessment of the content lymphocyte
population showed that children with psoriasis,
irrespective of the duration and effectiveness of therapy
GEBD, had an increased percentage of Thact relative
to the normal values (over 100; Table 1). In patients
of group 1, the percentage of Thact (p = 0.005) and
Th17 (p = 0.001) was significantly increased before
the appointment of therapy, relative to the indicators
of group 2 (Table 1, Figure 1).

At the end of the biological therapy induction
course (16 weeks), children with psoriasis in group 1,
as before the start of therapy, had a higher Thl7
content than in group 2 (Tablel, Figurel). The
assessment of content Th17 by the year of biological
therapy treatment in patients with insufficient effect
also showed a significant increase in the content of
this population relative to the indicators of group 2
(p =0.003; Figure 1, Table 1).

Analysis of content Treg in children with psoriasis
showed that regardless of the effectiveness of biolo-
gical therapy both before treatment and at the end of

TABLE 1. CONTENT OF Thact, Th17, Treg POPULATIONS IN CHILDREN WITH PSORIASIS AT DIFFERENT EFFECTIVENESS
OF BIOLOGICAL THERAPY (% DEVIATION FROM AGE-SPECIFIC NORM)

. Duration G:rc_»up 1 Group 2
Population of therapy, week Insufflmeft effect PA?I 75 ¢]
(IE, n = 52) (n =58)
0 225.2 (183.3-264.1) 164.3 (114.3-235.9) 0.005
Thact, % CD4 16 181.3 (149.1-211.7) 202.3 (101.6-269.0) 0.956
52 198 (125.0-246.9) 156.1 (79.7-169.0) 0.279
0 31.8 (-12-82) 70.8 (4.5-136.0) 0.116
Treg, % CD4 16 66.2 (7.58-125.00) 67.5 (48.0-131.8) 0.359
52 -18.4 (-68.2-19.6) 90.1 (16.0-159.1) 0.008
0 73.5 (51.5-135.9) 25.2 (-5.9-54.4) 0.001
Th17, % CD4 16 161.1 (109.1-177.2) 33.7 (-5.6-83.8) 0.000
52 117.4 (72-215) 41.7 (-1.5-56.5) 0.003

Note. p, differences between independent groups by Mann-Whitney test; p < 0.05.
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the induction course (16 weeks), the percentage of
Treg in the groups was in the range of normal values
(Figure 1, Table 1). However, by the year of treatment
with biologics in group 1, a significant decrease in the
percentage of Treg (p = 0.008) was obtained relative
to the indicators of group 2 (p = 0.008), while in
the group with insufficient effect of biologics, the
percentage of Treg was lower than the normal values
(Figure 1).

Assessment of the dynamics of T helper popula-
tions in children with psoriasis with insufficient effect
of biological therapy revealed a significant increase
in Th17 by 16 weeks of therapy (p, ;s = 0.046), which
persisted to a year of therapy and was higher than
normal values. Analysis of the dynamics of content
Treg in this group showed a significant decrease in
the population by year of therapy (p,s, =0.047,
Pie-s2 = 0.006).

A Before treatment (0 weeks) B 16 weeks of therapy
1.0 r 1.0 T =
7 l s
-1 7 = Thact, % CD4 ’ -
----- P i | R g5
0.8 e - - Reference line 08 iz - - Reference line
~. 06 -t ’ -, 06 AZ
= = .
2 3
c c
3 04 o 04
AUC Thact = 0.843 AUC Th17 =0.870
0.2 ! (0.776-0.910) 02 (0.802-0.937)
AUC Th17=0.816 7 AUC Th17/Treg = 0.816
(0.743-0.888) ' (0.760-0.929)
0.0 0.0L7
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity

Figure 2. ROC-analysis of deviation of Th17, Thact in predict

ing efficacy of biological therapy in children with psoriasis

before prescription (A) and Th17, ratio Th17/Treg at 16 weeks of biological therapy (B)

Note. AUC, area under curve.
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Analysis of the Th17/Treg ratio in children with
psoriasis at different effectiveness of biological the-
rapy showed that the Th17/Treg ratio was significantly
increased in the group of children with insufficient
effect of biologics before therapy and during the year
relative to group 2 (week 0: 3.0 (2.6-3.6) vs 1.6 (1.2-
2.5),p=0.001; week 52: 3.9 (2.6-4.3) vs 1.7 (1.2-2.3),
p = 0.000).

The performed ROC analysis showed an excellent
separating model for the “PASI 75 — insufficient
effect” states for Th17, Thact and Th17/Treg ratio
before the appointment of biological therapy and for
Th17, Th17/Treg at 16 week of biologics (AUC > 0.8;
Figure 2). The calculation of threshold values of
indicators with the coincidence of sensitivity (Se)
and specificity (Sp) showed that with a deviation of
Th17 above 53%, Thact above 181% and Th17/Treg
above 2.6 before the appointment of biologics in
75% of cases, insufficient effectiveness of biological
therapy can be expected by the year. ROC analysis of
the immunological parameters at 16 weeks showed
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