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В ПРОГНОЗЕ ЭФФЕКТИВНОСТИ БИОЛОГИЧЕСКОЙ 
ТЕРАПИИ ПСОРИАЗА У ДЕТЕЙ 
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Резюме. Псориаз – хроническое воспалительное заболевание кожи, характеризующееся повы-
шенной пролиферацией эпидермальных клеток, нарушением кератинизации и воспалительной реак-
цией в дерме, обусловленной активацией Т-лимфоцитов и синтезом провоспалительных цитокинов. 
Патофизиология псориаза также связана со снижением противовоспалительных функций иммуно-
супрессивных клеток. В последнее время все чаще встречаются случаи развития резистентности к 
проводимой терапии биопрепаратами в детском возрасте, требующие отмены препарата или его за-
мены. Цель исследования – оценить содержание субпопуляций Т-хелперов в прогнозе эффектив-
ности биологической терапии у детей с псориазом. Иммунофенотипирование популяций Т-хелперов 
периферической крови проводили у 110 детей с вульгарным псориазом до назначения биологической 
терапии, на 16-й и 52-й неделе лечения. Возраст детей составил от 6 до 18 лет. Тяжесть псориаза и 
эффективность терапии оценивали по индексу PASI, который изменялся от 0 до 68 баллов. Методом 
проточной цитометрии определяли содержание Т-хелперов, регуляторных Т-клеток (Treg), активи-
рованных Т-хелперов (Thact) и Th17-лимфоцитов. В группе пациентов с хорошим эффектом био-
логической терапии получено значимое снижение PASI, как на 16-й неделе терапии (p = 0,000), так 
и к году лечения (р = 0,017). У детей с псориазом, не зависимо от длительности и эффективности 
биопрепаратов, был увеличен процент Thact относительно нормативных значений. В группе 1 до на-
значения биологической терапии был увеличен процент Thact (р = 0,005) и Th17 (р = 0,001). Анализ 
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динамики содержания популяций Т-хелперов в течение года биологической терапии у детей с разной 
эффективностью лечения показал, что наиболее значимые изменения выявлены в содержании Th17 
и Treg, а также их отношения Th17/Treg. ROC-анализ показал, что при отклонении Th17 выше 53%, 
Thact выше 181% и Th17/Treg выше 2,6 до назначения биопрепаратов в 75% случаев можно ожидать 
недостаточную эффективность терапии к году. К окончанию индукционного курса при отклонении 
Th17 выше 102% и отношении Th17/Treg выше 2,6 вероятность неэффективного лечения составля-
ет уже 82%. В исследовании показана информативность оценки Thact до назначения биологической 
терапии, динамика Th17 к концу индукционного курса и Treg после 16 недель терапии в прогнозе 
эффективности ГИБП у детей с псориазом. 

Ключевые слова: дети, псориаз, биопрепараты, Т-хелперы, Th17, Treg

CONTENT OF CD4+Т CELL SUBPOPULATIONS IN PREDICTING 
THE EFFICACY OF BIOLOGICAL THERAPY FOR PSORIASIS IN 
CHILDREN
Kuptsova D.G.a, Radigina T.V.a, Kurbatova O.V.a, Materikin A.I.a, 
Epishev R.V.a, Opryatin L.A.a, Khotko A.A.b, Murashkin N.N.a, b, c, 
Petrichuk S.V.a
a National Medical Research Center for Children’s Health, Moscow, Russian Federation  
b Central State Medical Academy of Department of Presidential Affairs, Moscow, Russian Federation  
c 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. Сontent 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-
lymphocytes (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 Th1 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-β and IL-10 [5, 
12]. An increase in Th17 content and a decrease in the 
proportion of Treg in the peripheral blood of patients 
with psoriasis lead to an imbalance of Th17/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 (TNFα), 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-
pho cyte populations was performed by flow cytome-
try using monoclonal antibodies from the “Beckman 
Coul ter” (USA). Sample preparation involved 
in cu bating 100 µL of whole blood with 10 µL of 
fluo rochrome-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 samp les ob-
tained were recorded on flow cytometer the Novocyte 
(ACEA Biosciences, USA). The following popula tions 
were determined by the sequential gating method: 
CD3+CD4+ (T  helpers), CD4+CD127lowCD25high (Treg), 
CD4+CD25+CD127high (activated T helpers – Thact) 
and CD3+CD4+CD161+ (Th17). 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 (Q0.25-Q0.75). 
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: 

Xn = (Xmin-X) / 0,01*(Xmax – Xmin), 
Xn, value of the individual index normalized to the 

age norm; X, value of the studied index; Xmax, upper 
limit of the age norm; Xmin, 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 = 0.017. 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 16th 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 Th17 
content than in group 2 (Table 1, Figure 1). 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)

Population Duration 
of therapy, week

Group 1
Insufficient effect 

(IE, n = 52)

Group 2
PASI 75
(n = 58)

р

Thact, % CD4

0 225.2 (183.3-264.1) 164.3 (114.3-235.9) 0.005

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

Treg, % CD4

0 31.8 (-12-82) 70.8 (4.5-136.0) 0.116

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

Th17, % CD4

0 73.5 (51.5-135.9) 25.2 (-5.9-54.4) 0.001

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. р, differences between independent groups by Mann–Whitney test; p < 0.05.
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Figure 1. Deviation of the relative numbers of Th17 (A) and Treg (B) with insufficient effect (IE) and achievement of PASI 75 
in children with psoriasis before, at 16 and 52 weeks of biological therapy
Note. The range of age norm was taken as 100%. 

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

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 (р0-16 = 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 (р0-52  =  0.047,  
р16-52  =  0.006). 
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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 

that with a Th17 deviation above 102% and a Th17/
Treg ratio above 2.6, there is already an 82% chance of 
ineffective treatment (Figure 2). 

Conclusion
Thus, this analysis allowed us to identify the 

most informative CD4+ cell counts in predicting and 
evaluating the effectiveness of biologics in children 
with psoriasis. Analysis of the dynamics of small 
populations T helper during year of biologics in 
children with different efficacy of therapy showed 
that the most significant changes were detected in the 
content of Th17 and Treg populations and their ratio 
(Th17/Treg), which is consistent with the results in 
adult patients with psoriasis [5, 7, 8, 13]. The study 
demonstrates the information value of content Thact 
estimation before biological therapy, the dynamics of 
Th17 by the end of induction course and the dynamics 
of content Treg after 16 weeks of biological therapy 
in prognosis of biologics efficacy in children with 
psoriasis.
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