ORIGINAL RESEARCH | IMMUNOLOGY

ACTIVITY OF NUCLEAR FACTOR «B IN LYMPHOCYTE POPULATIONS OF CHILDREN WITH PSORIASIS
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Alterations in intracellular signaling pathways affecting immune cell activation, proliferation and differentiation of keratinocytes in psoriasis could explain the complex
pathogenesis of the disease. NF-kB is one of the intracellular signaling pathways, which is involved in regulation of numerous pro-inflammatory genes, and
affects the synthesis of pro-inflammatory cytokines directly involved in the development of psoriasis. The study was aimed to assess the number of cells with
NF-kB translocation in lymphocyte populations of children with psoriasis depending in the disease severity and therapy. A total of 130 children with psoriasis
vulgaris were examined. The comparison group included 30 healthy children. The study was conducted using the imaging flow cytometry Amnis ImageStreamX
system. It was found that there were significant differences in the number of cells with NF-kB translocation in the lymphocyte populations of both children with
psoriasis and comparison group. Children with psoriasis had a higher number of cells with NF-«B translocation in the populations of T helper cells, T_, TW, and
Th17 compared to healthy children (p < 0.05). The number of cells with NF-kB translocation in children with psoriasis correlated with the disease severity PASI
(R, = 0.32) and BSA (R, = 0.31) scores, as well as with the disease duration (o < 0.05). NF-xB determination could be considered an additional criterion for
the disease severity assessment in children with psoriasis. The differences in the degree of reduction of the number of cells with NF-kB translocation 24 h after
administration of biologics (adalimumab, etanercept, ustekinumab) have been shown. Studying NF-kB in cell populations offers the prospect of understanding
pathogenetic mechanisms of inflammation and developing new therapeutic methods for psoriasis.
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VI3MEHEHNS B NyTsiX Nepenasqn BHYTPUKIIETOUHbIX CUMHASIOB, BIIUSIOLLMX HA aKTUBALMIO MMMYHHBIX KIETOK, MponmdepaLiiio 1 audbhepeHLpOBKY KepaTuHOLMTOB
npy Ncopuase, MoryT 0O bSICHUTL CNOXHbIN NaToreHe3 3abonesanHns. OfHMM 13 NyTel Nepeaaqn BHYTPUKIETOUHbIX curHanoB siensetcs NF-kB, yqacTayrolwmin B
perynsaumm 60MbLLOrO KONMYECTBa MPOBOCMAMTENBHbIX FEHOB U BAUSIOLLMIA HA MPOAYKLMIO MPOBOCHAMTENBHbIX LIMTOKMHOB, HEMOCPEACTBEHHO YHaCTBYIOLLWMX
B passuTUK ncopvasa. Llenbto nccnenoBannst 6bino OLEHUTL YMCNO KIETOK C TpaHcnokauven NF-kB B nonynaumax nmmdoumnToB y OeTein ¢ Ncoprasom B
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¢ TpaHcnokauuen NF-kB y fieteit ¢ Ncopuasom COOTHOCUTCS C TsKeCTbio cocTosiHug no PASI (R, = 0,32), BSA (R, = 0,31) 1 amTensHOCTLIO 3abonesaHiis
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Psoriasis is a multifactorial immune-mediated inflammatory
skin disorder with a complex pathogenesis [1-3], caused by
interactions of immune system, psoriasis susceptibility loci,
psoriasis autoantigens, and numerous environmental factors [4].
Psoriasis has various cutaneous clinical manifestations, based
on which a number of disease forms is distinguished. Psoriasis
vulgaris, being the most common form, is diagnosed in 90%
cases [5, 6]. Psoriasis is characterized by hyperproliferation of
keratinocytes, blood vessel dilation and leukocyte cell infiltration
in skin dermis, and skin plaques [7].

It is believed that synthesis of pro-inflammatory cytokines,
being the pathogenic cascade triggers, by activated T cells
plays a key role in the skin inflammation associated with
psoriasis [8]. Disease begins with T cell activation by unknown
antigen or gene product. After the T cell activation, a number of
pro-inflammatory cytokines and chemokines are secreted [9].
Cytokine action contributes to proliferation of keratinocytes,
epidermal hyperplasia, neutrophil migration, enhanced T helper
type 1 (Th1) cell response [10]. The increase in the number of
T helper 17 cells (Th17) in blood and skin of patients with psoriasis
with the progression of skin lesions was reported [11-13]. It
was also found that elevated blood counts of regulatory T cells
(Treg) in patients with psoriasis did not suppress inflammatory
response due to the cells' functional failure [14, 15].

Complex pathogenesis of psoriasis could be explained
by alterations in the intracellular signaling pathways. Impaired
regulation of the signal transduction pathways affects activation,
proliferation and differentiation of keratinocytes, associated
with psoriasis [16, 17]. The nuclear factor kB (NF-kB) pathway,
which has been first discovered in mature B cells by R. Sen
and D. Baltimor, is one of the intracellular signaling pathways
[18]. NF-kB is capable of binding with the gene promoter
encoding the immunoglobulin — light chain. NF-kB is a family
of structurally similar transcription factors, such as RelA (p65),
NF-kB1 (p50/p105), NF-kB2 (p52/p100), c-Rel, and RelB.
The NF-kB family members function as various hetero- and
homodimers (p50-p65; RelB-p100), except for RelB. The main
active form of NF-kB is a complex formed by subunit p65 and
subunit p50 or p52 bound to the I-kB inhibitor protein [19].
The advanced Amnis ImageStreamX imaging flow cytometry
system makes it possible to assess the percentage of cells
with NF-kB translocation (% of activated cells with nuclear
localization of NF-kB) in various populations [20, 21].

Under physiological conditions, the NF-«kB/I-kB complex
is a self-regulating system [22]. NF-xB activation occurs in
response to the wide range of stimuli [23]. Stimulus activates
the NF-kB signaling pathway, which leads to the NF-«B release
from the inhibitor complex and NF-kB translocation from
cytoplasm into cell nucleus. NF-kB is involved in regulation
of numerous pro-inflammatory genes and affects synthesis
of pro-inflammatory cytokines, such as IL1B, IL6, IL8, TNFa,
directly involved in the development of psoriasis [24-26].

Multiple studies confirmed impaired regulation of the NF-kB
signaling pathways associated with psoriasis in in vitro
models, animal models, and skin biopsy samples, obtained
from patients with psoriasis [10, 25, 26]. Furthermore, anti-
TNF therapy and glucocorticoid therapy reduce the levels of
active NF-xB and related elements of the signaling pathway
[27, 30]. Currently, the effects of other targeted biologics on
the variation in the number of cells with NF-kB translocation
are under study, however, chronic NF-kB pathway inhibition
may reduce therapeutic efficacy in patients with immune-
mediated diseases [28]. Thus, quantification of cells with NF-kB
translocation could be a promising tool for evaluation of the
disease severity and therapeutic efficacy in patients with
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immune-mediated diseases. The study was aimed to quantify
cells with NF-kB translocation in the lymphocyte populations of
children with psoriasis depending on the disease severity and
therapy.

METHODS
Clinical characteristics of patients

A total of 130 children and adolescents with psoriasis vulgaris
were enrolled in the study, of them 42 patients were followed-
up. The comparison group included 30 healthy children. The
surveyed children's age was 1-18 years: psoriasis — Me 12.5
[8.3; 15.5], comparison group — Me 12.4 [7.4; 16.1]. There
were 62 girls and 68 boys in the group with psoriasis, and 18
girls and 12 boys in the comparison group. All children were
of European origin. Inclusion criteria: proven case of psoriasis
vulgaris. Exclusion criteria: other forms of psoriasis, 18 years of
age or more, inability to obtain blood sample.

Severity of psoriasis was assessed in all patients using the
PASI (Psoriasis Area and Severity Index) and BSA (Body
Surface Area, %) indices. Children with psoriasis received
different pathogenetic therapy in accordance with the guidelines
and psoriasis severity. Children were prescribed topical
corticosteroids and emollients with keratolytic effects (n = 41),
systemic methotrexate therapy (n = 28), genetically-engineered
biological drugs (GEBD; n = 61). The effects of GEBD were
assessed in 42 patients with psoriasis before and 24 hours
after administration of the following drugs: adalimumab
(n = 24), etanercept (n = 8), ustekinumab (n = 10).

Isolation of peripheral blood mononuclear cells

To isolate the peripheral blood mononuclear cells (PBMCs), the
5 mL fasting whole blood samples were used, collected in the
morning into EDTA tubes. Blood samples were processed on
the same day. Whole blood was diluted with warm glutamine-
free RPMI 1640 medium (PanEco; Russia) in a ratio of 1 : 3,
gently layered over 2 mL of the Histopaque-1.077 g/cm?
medium (Sigma-Aldrich; USA), then centrifuged at 2000 RPM
for 20 min at room temperature. Buffy coat was collected into
15 mm Falcon tubes (BD; USA) and washed with RPMI medium
for 8 min under the same conditions. After that supernatant
was drained, and the cells were diluted with the RPMI-1640
medium to the desired volume.

Lymphocyte immunophenotyping and evaluation of NF-kB
translocation from cytoplasm into nucleus

Cell populations were isolated by step-wise gating using
monoclonal antibodies (MmAbs) labeled with fluorochromes
(Beckman Coulter; USA): CD19-PE, CD4-PE, CD8-PE, CD
(16/56)-PE, CD127-PE, CD161-PE, CD3-ECD, CD4-PB,
CD25 PE-Cy7. Cells with NF-«B translocation were quantified
in lymphocyte populations with the imaging flow cytometry
Amnis ImageStreamX Mk Il platform (Luminex; USA) using the
Amnis NF-kB Translocation Kit (Luminex; USA), which included
antibody Anti-Hu NF-kB (p50) conjugated to Alexa Fluor 488
for detection of NF-kB and the 7-AAD nuclear dye. The tubes,
containing 100 pL of PBMCs, were added 10 pL of mAb and
incubated for 20 min in a dark place, then NF-«kB translocation
was assessed in accordance with the manufacturer's
inctructions. The following cell populations were assessed:
CD3+ (T cells); CD3*CD4+ (T helper cells); CD3*CD8* (cytotoxic
T cells); CD3-CD19* (B cells); CD3-CD16+/CD56+ (natural killer
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Fig. 1. Stages of analysis when quantifying cells with NF-kB translocation. A. Gallery of recorded cell images. B. Isolation of cells in good focus based on Gradient RMS.
C. Isolation of single events. D. Isolation of the studied lymphocyte population, particularly CD3*CD4* (CD3_ECD — channel 4; CD4_PB — channel 3). E. Isolation of double-
positive cells: NF-kB+/7-AAD+ (NF-kB_FITC — channel 2; 7-AAD — channel 5). F. Isolation of the proportion of cells with NF-kB translocation based on Similarity>1

cells); CD3*CD16*/CD56* (natural killer T cells); CD3*CD4-CD8~
(immature T cells); CD4*CD25+*CD127high (activated T helper
cells, T,); CD4*CD25*CD127low (T ); CD4*CD161*CD3+ (Th17).
Data recording and analysis with the ImageStream Mk Il
Imaging Flow Cytometer

Cell imaging and recording were performed with the ImageStream
Mk Il Imaging Flow Cytometer using the INSPIRE™ software
(Luminex; USA) at 40x magnification and low flow rate. Image
recording involved collecting at least 20,000 events per sample
in the lymphoid region for the major lymphocyte populations, and
at least 40,000 events forthe T_, T, , and Th17 populations.
The images acquired were analyzed using the IDEAS®
ImageStreamX software (Luminex; USA) in accordance with
the algorithm provided in Fig. 1. Data analysis started with
digital pixel-based spectral compensation applied to each cell
image. After compensation, single cells were analyzed with
good focus, and single events were isolated (Fig. 1B, C). The
percentage of the NF-kB+/7-AAD+ double-positive cells was
defined based on fluorescence intensity (Fig. 1D, E). At the next
stage, Similarity was assessed, which reflected the degree of
the NF-kB and 7-AAD colocalization in the studied population

regardless of morphology (Fig. 1F). Similarity was caclulated
based on the Pearson correlation coefficient as described
earlier [20, 21].

Statistical analysis

Statistical processing of the research data was performed
using the Statistica 10.0 software package (StatSoft; USA).
Descriptive statistics of quantitative indicators was presented
as median (lower and upper quartiles), Me (Q,,;; Q,.). The
nonparametric Mann-Whitney U test was used to assess the
significance of differences between groups. The stepwise
multiple regression method with exceptions was used to
obtain regression equations. The differences were considered
significant at p < 0.05.

RESULTS

Assessment of lymphocyte populations with NF-xB
translocation in children with psoriasis and comparison group

There was a significant increase in the percentage of cells with
NF-xB translocation in the populations of T helper cells (o = 0.001),

Table 1. Number of cells with NF-kB translocation in children with psoriasis and comparison group

Population Patients with psoriasis (n = 130) Healthy children (n = 30) P
B cells 48.3 [38;64] 58.4 [40;72] 0.322
T cells 19.9 [17;26] 18.0 [16;21] 0.113
T helper cells 20.1[17;26] 18.4 [14;20] 0.001
Cytotoxic T cells 18.0 [15;24] 17.2 [15;23] 0.402
Immature T cells 24.4[18;36] 23.7 [19;33] 0.473
NK cells 28.0[19;39] 29.9[18;42] 0.829
NKT cells 22.3[16;34] 20.1 [17;25] 0.315
Activated T helper cells 18.7 [15;24] 15.2 [14;18] 0.012
Regulatory T cells 23.0[19;32] 20.3 [16;26] 0.032
T helper 17 cells 20.7 [17;27] 19.6 [17;23] 0.034

Note: p — significance of differences between groups, Mann-Whitney U test.
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Fig. 2. Number of major (A) and minor (B) populations of lymphocytes and NK cells with NF-kB translocation in children with psoriasis and comparison group.
p — significance of differences between populations, Wilcoxon signed rank test for dependent variables

T 0=0.012), T_ (0 = 0.032), and Th17 (o = 0.034) in children
with psoriasis compared to healthy children (Table 1). In children
with psoriasis, an upward trend was observed in the percentage
of cells with NF-xB translocation in the populations of T cells,
cytotoxic T cells, and natural killer T (NKT) cells, however, in
the populations of B cells and natural killer (NK) cells there was
a downward trend. The largest proportion of cells with NF-kB
translocation was revealed in B cell populations of both children
with psoriasis and comparison group (Table 1).

Analysis revealed differences in the percentage of cells with

NF-kB translocation in the studied cell populations of surveyed children.
The number of cells with NF-xB translocation was significantly
(o = 0.000) higher in B cell population compared to NK cells,
T helper cells, cytotoxic T cells, and in the NK cell population it
was significantly (o = 0.000) higher compared to the populations of
T helper cells and cytotoxic T cells in both children with psoriasis
and comparison group; moreover, it was 2.5 times higher
compared to other cell populations (Table 1; Fig. 2A). In the group

Table 2. Correlations of the number of cells with NF-kB translocation in lymphocyte populations with the patients' age and the duration of psoriasis

I?sc;ri?;ios) Comp(a;iiosr:) )group
Population Age Disease duration Age
r P r P r P
B cells 0.09 0.299 -0.02 0.796 0.25 0.182
T cells 0.21 0.016 0.21 0.22 0.28 0.142
T helper cells 0.22 0.011 0.21 0.022 0.25 0.194
Cytotoxic T cells 0.19 0.031 0.19 0.003 0.32 0.09
Immature T cells 0.2 0.028 0.21 0.021 0.24 0.214
NK cells 0.24 0.006 0.27 0.002 0.11 0.577
NKT cells 0.16 0.071 0.15 0.083 0.41 0.052
Activated T helper cells 0.21 0.023 0.16 0.109 0.16 0.433
Regulatory T cells 0.2 0.031 0.15 0.116 0.18 0.383
T helper 17 cells 0.23 0.015 0.21 0.021 0.46 0.015

Note: r — Pearson correlation coefficient, p — probability of non-zero regression coefficients.
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A Multiple regression equation Multiple regression equation
Dependent variable: PASI Dependent variable: BSA (%)
: Regression|| Error of : Regression || Error of
Variable coefficient| coefficient || 1St P Variable coefficient || coefficient || €St P
Free term 24,63 4.47 5.51 0,000 Free term 29:12 9,33 3,12 0,002
NF-kB in Treg -0.46 0,19 | -2.34 | 0,021 NF-kB in Treg -0,71 0,23 -3,04 0,003
NF-kB in NK cells -0,42 0.21 -1.99 | 0,048 NF-kB in B cells 0.33 0,16 1.99 0,048
NF-kB in immature 0,65 0.24 2.78 0,006
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Fig. 3. Multiple regression equation for the relationship between PASI (A) and BSA (B) scores and the number of cells with NF-kB translocation in children with psoriasis,
and the relationship between the observed and predicted values calculated using the regression eqution for PASI (C) and BSA (D) indices. Regression equations were

constructed using the stepwise multiple regression method with exceptions. R_

coefficients

of healthy children, the number of cells with NF-kB translocation in
the populations of T helper cells and cytotoxic T cells was the same
(o =0.101). In contrast to healthy children, the increased percentage
of cells with NF-kB translocation in the population of T helper cells
compared to cytotoxic T cells was revealed in patients with psoriasis
(o =0.000; Fig. 2A).

In the group of healthy children, it was found that the
average number of cells with NF-kB translocation in T cell
populations, including Tyeg, Th17,and T ,, was 15x20%. The
largest proportion of cells with NF-kB translocation was found
in the Treg population (20% of cells), and the lowest proportion
was observed in the T__ population (15% of cells; p = 0,011),

act

the difference was considered significant (p = 0.002; Fig. 2B).

— coefficient of multiple correlation, R; p — significance of non-zero regression

In children with psoriasis, the number of cells with NF-kB
translocation in the T_, Th17, and T populations was
significantly higher compared to the comparison group (Table 1).
In healthy children, the highest percentage of cells with NF-kB
translocation was also found in the 'I',eg population (23% of
cells), and was significantly higher than in the populations
of T helper cells, Th17, and T_ (o = 0.000; Fig. 2B). The
number of T . with NF-kB translocation was significantly
lower compared to the T helper cell population, just like in the
group of healthy children (p = 0.000; Fig. 2B). In contrast to
healthy children, the number of Th17 with NF-«B translocation
was significantly higher compared to the T, population
(o = 0.001).

Table 3. Number of cells with NF-kB translocation in children with psoriasis before and 24 h after administration of GEBD

Number of cells with NF-kB translocation
Population Adalimumab (n = 24) Etanercept (n = 8) Ustekinumab (n = 10)
before after p before after 1% before after p
B cells 46.0 [39; 65] | 38.2[33;45] | 0.002 | 36.7[33;42] | 28.0[27;31] | 0.004 | 51.7 [35;71] | 44.8[32;51] 0.217
T cells 20.2[17;25] | 19.5[15; 21] 0.12 17.0[16;20] | 17.6[15;19] | 0.721 | 24.9[18;36] | 18.2[16; 25] 0.105
T helper cells 20.2[18;24] | 18.3[16;21] | 0.025 | 19.0[18;21] | 17.5[16;19] | 0.049 | 24.8[19;32] | 19.6[16;25] | 0.191
Cytotoxic T cells 19.2[16; 24] | 17.2[15;18] | 0.021 | 16.30[16; 18] | 16.6 [15; 18] 0.99 23.9[19; 35] | 16.6 [14; 25] 0.052
Immature T cells 22.5[16;31] | 21.2[20;38] | 0.814 | 21.2[19;24] | 19.2[17;23] | 0.161 | 36.2 [30; 48] | 21.4 [14; 30] 0.009
NK cells 27.7[18;32] | 26.2[19;29] | 0.574 | 30.6[29;36] | 30.7[27;33] | 0.721 | 37.9[35;42] | 25.3[17;29] 0.018
NKT cells 21.6[15;27] | 19.7[15;24] | 0.418 | 20.9[18;23] | 18.4[17;21] | 0.131 | 30.0[26; 44] | 24.7 [13; 31] 0.052
Activated T helper cells 19.1[16;21] | 17.1[14;20] | 0.165 | 19.7[16;24] | 14.3[14;16] | 0.007 | 24.4[17;34] | 16.4[13; 24] 0.042
Regulatory T cells 19.1[16;21] | 20.5[19;23] | 0.005 | 23.2[19;28] | 19.4[19;21] | 0.105 | 34.9[22;48] | 21.5[15; 29] 0.018
T helper 17 cells 22.4[18;23] | 18.5[16;21] | 0.032 | 18.6[18;20] | 17.2[15;18] [ 0.021 | 27.3[27;39] | 19.1[14; 25] 0.011

Note: p — significance of differences in the numbers of cells with NF-kB translocation obtained before and 24 h after administration of GEBD, Mann-Whitney U test.
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Correlations of the number of cells with NF-kB
translocation with the patients' age and the duration of
psoriasis

Analysis of the relationship between the number of cells with
NF-kB translocation and the healthy children's age revealed no
correlations in all cell populations, except for T helper 17 cells,
the number of which increased with age (Table 2). In children
with psoriasis, the proportion of cells with NF-kB translocation
increased with age in all populations, except for B cells and NKT
cells. With increased disease duration, the number of cells with
NF-kB translocation significantly increased in the populations of
T helper cells, cytotoxic T cells, immature T cells, NK cells and
Th17 (Table 2). In children with psoriasis, correlation between
the patient's age and the disease duration was revealed
(o = 0.000): the older the child, the longer he was ill.

Relationship between the content of cells with NF-xB
translocation and psoriasis severity in children

PASI and BSA indices were evaluated in the surveyed children
with psoriasis. The psoriasis severity PASI scores in children
varied between 0-70% (Me 13.3 [5; 22]), and BSA scores
varied between 0-100% (Me 20 [4; 40]).

Multiple correlation analysis of the relationship between
the psoriasis severity and the number of cells with NF-xB
translocation showed the increase in the PASI score with
the decrease in the number of T_ and NK cells with NF-«xB
translocation and the increase in the proportion of immature
T cells with translocation (R, , = 0.32; Fig. 3A). The increased
BSA scores are associated with the decreased number of cells
with NF-xB translocation in the T_ population and increased
number in B cell population (R, = 0.31; Fig. 3B).

Assessing the number of cells with NF-xB translocation in
children with psoriasis receiving various types of therapy

Comparison of the proportion of cells with NF-kB translocation
in lymphocyte populations of children with psoriasis receiving
various types of therapy revealed no significant differences
between groups of children receiving different therapy. However,
maximum deviation from healthy children was observed in the
group of children, who received biological therapy. The number
of cells with NF-kB translocation in the T helper cell populations
of children, who received topical therapy, increased by 6%, in
the group of children, who received methotrexate, it increased
by 10%, and in the group of children, who received biologics, by
11.5% compared to healthy children. The number of cells with
NF-kB translocation in B cell population decreased by 17% in
patients, who received topical therapy, by 4% in patients, who
received methotrexate, and by 29% in children, who received
biologics, compared to healthy children.

To assess the effects of GEBD on the number of cells
with NF-kB translocation, we examined 42 children with
psoriasis before and 24 h after administration of adalimumab,
etanercept, ustekinumab. A significantly decreased number
of cells with NF-kB translocation in the populations of B cells,
T helper cells, cytotoxic T cells, T@, and Th17 was observed
24 h after administration of adalimumab (Table 3).

The significantly decreased number of cells with NF-xB
translocation was revealed in the populations of B cells, T helper
cells, T, and Th17 after administration of etanercept. The
significantly decreased number of NF-kB cells was observed in
the populations of NK cells, immature T cells, T_, T, and Th17
after administration of ustekinumab (Table 3).
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It is interesting to note that biologics, adalimumab and
etanercept, significantly decreased the number of B cells
with NF-xB translocation after 24 h: by 20.4 and 31%,
respectively. However, administration of ustekinumab resulted
in the insignificantly decreased number (Table 3). The same
downward trend was observed in the T helper cell population
after administration of adalimumab (by 10.4%) and etanercept
(by 8.6%). Significant alterations in the number of cytotoxic
lymphocytes with NF-kB translocation were observed after
administration of adalimumab (Table 3).

The number of Tact with NF-kB translocation significantly
decreased 24 h after administration of etanercept (by 37.8%)
and ustekinumab (by 48.7%) (Table 3). Only the administration
of ustekinumab resulted in the the decrease in the number of T _
with NF-kB translocation by 62%, however, administration of
adalimumab resulted in the significant decrease in their number
by 6%. Administration of all biologics resulted in the decreased
number of Th17 with NF-xB translocation: the maximum
decrease was observed after administration of ustekinumab
(by 42.9%), and administration of adalimumab and etanercept
resulted in the decrease by 21.1 and 8%, respectively (Table 3).

Furthermore, only administration of ustekinumab decreased
the number of cells with NF-kB translocation in the population
of NK cells by 49.8% and in the population of immature T cells
by 69%.

DISCUSSION

Alterations in signaling pathways, such as NF-kB, JAK-STAT,
Janus kinase (JAK)/signal transducer pathway, Akt and Wnt
signaling pathways, are observed in individuals with psoriasis
[16, 17]. The number of cells with NF-kB translocation in
children with psoriasis was assessed using the ImageStreamX
advanced technique. Our findings about the number of cells
with NF-kB translocation are in line with the data reported by
other researchers: the maximum number of cells with NF-kB
translocation has been revealed in B cell population [18].

Our study has shown that in children with psoriasis, the
number of cells with NF-kB translocation in the populations
of T helper cells, Treg, T, and Th17 is increased compared
to healthy children. That could explain the effects of the
NF-kB signaling pathway activation in these cells, which are
responsible for production of pro-inflammatory cytokines
directly involved in pathogenesis of psoriasis [24-26].

There was a direct correlation between the number of cells
with NF-kB translocation and the children's age in children with
psoriasis; the proportion of such cells in healthy children did not
change with age. Probably, our findings about the relationship
between the number of cells with NF-kB translocation and age in
children with psoriasis are attributable to the correlation between
the duration of psoriasis and the surveyed children's age.

The number of T_ with NF-kB translocation decrease with
the increase in the psoriasis severity in children according to
PASI and BSA, which is in line with the other researchers' report
of the decreased 'I'reg functional activity in psoriasis [27]. This
fact confirms the importance of assessing both Treg number and
functional activity [14, 15]. As one of the factors involved in the
cell functional activity regulation, NF-kB determination could
be considered an additional criterion for the disease severity
evaluation in patients with psoriasis.

Our findings are in line with the data on the NF-kB activation
reduction by anti-TNF therapy (adalimumab) in adults with
psoriasis [28-30]. The maximum decrease in the number
of cells with NF-kB translocation in the populations of NK
cells, immature T cells, T, T_,, and Th17 of children with

act’



ORIGINAL RESEARCH | IMMUNOLOGY

psoriasis was detected when using ustekinumab. The use of
TNFa and 1L12/23 blockers reduces the number of cells with
NF-kB translocation to varying degrees, depending on the
cell population and therapy applied. Taking into account the
findings and the minimally invasive method of assessing the
number of cells with NF-kB translocation in the whole blood of
children with psoriasis, we consider this line of research to be
perspective for diagnosis of the disease severity and predicting
therapeutic efficacy.

CONCLUSIONS

Significant differences between lymphocyte populations by
the number of cells with NF-kB translocation were revealed
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