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Pesiome. bonesnr Bunbcona (bB) — peakoe HaclieACTBeHHOe 3a0oJjieBaHUE, BbI3BaHHOE Ae(UILIMTOM
TpaHcnioptepa AT®7B. HakonieHre Meayu MOXeET BbI3bIBaTh IMMOBPEXXIAECHNE OPTaHOB U KJIETOK, IPEeUMYIIe-
CTBEHHO TevyeHu. Bo3aelicTBrue Meau MOXKeT MOAYJIUPOBAaTh CUHTE3 HUTOKUHOB MOCPEICTBOM MOJIEKYJISIP-
HBIX U KJIE€TOYHBIX CUTHAJIbHBIX ITyTeH, BKIIOYas MyTh siaepHoro dakropa tpaHckpuniyu NF-kB. NF-xB
SIBJISIETCS TJIaBHBIM PETYJISITOPOM BOCHAIEHUS U TMOEJIM KJIETOK, NECTBYET KaK LIEHTPalbHOE 3BEHO MEXIY
MOBpPEXIAECHUEM TleYeHHU, (UOPO30M U renatoue/UTIoasIpHoi KapiuuHoMbl. M30b1Tok NF-kB-3aBucrumoro
LIUTOKWUHOBOTO OTBETAa CTUMYJIMPYET BOCIIAIUTEIbHbIE peaKiii, HO U ype3MepHoe nHruoruposanue NF-xB
MOXKET HeraTUBHO BJIUSITh Ha XMU3HECIIOCOOHOCTh IeNaTolUMTOB. MeToa MPOTOYHOI [IUTOMETPUU C BU3ya-
nuzanueit — Amnis ImageStream* mosBoJisieT olieHUTh aKTUBHOCTL NF-kB (% akTuBHpOBaHHBIX KJIETOK, B
MOMYJSMIX KIeToK). Llesb padoThl — olleHUTh akTUBHOCTh NF-kB B monyasiusax 1umMbOLIUTOB y AeTei ¢
6one3Hb0 Bunbcona—KoHoBanoBa. UMMyHobeHOTUITMPOBaHYE TUMMOILIMTOB U OLIEHKY YPOBHS TPaHCJIO-
kauuu NF-kB nmpoBoaunu y 52 pedbenka ¢ bB u y 25 neteit rpyriribl cpaBHeHUs. MacCOBYI0 KOHLIEHTpALIUIO
MeIU B CYTOYHOI MOYe OMpeesIsiiIi aTOMHO-a0COpOIIMOHHBIM METOIOM C TOMOIIIBIO ClIeKTpoMeTpa AAnalyst
800. Y nereit ¢ BB conepxxanue kieTok ¢ TpaHciiokanueid NF-kB BapsupoBaio ot 5 1o 90% B 3aBUCUMOCTH
OT MONYJISIIUU JTUM(POLIMTOB, HAMOOJBIINI YPOBEHbD BhISIBICH B B-KkiteTkax u coctaBun 57,5 (37-68) %. Io-
Ka3zaHa JOCTOBEpHas pa3HMIIa B paclpeneaeHUsIX KOJIMYecTBa KIeToK ¢ TpaHciaokalueit NF-kB B momyJs-
nustx aumaoruToB Mexay bB u 3noposbeiMu netbmu (F-kputepuii, p < 0,01). s neteit ¢ BB B 6oJibLIMH-
CTBE CJIydasix XapaKTepHO CHUKeHUE aKTUBHOCTU (hakTopa TpaHckpunuuu NF-«B B monynsuusx B-kieTok
(B43% cnyuyaeB), T-xenmnepoB (48%), T-untotokcuueckux (44%) u Thl17-numdoruros (41%). Y nereii ¢ BB
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KOHIIEHTpAaIMs MeIW BapbrpoBaja ot 9,7 mo 2582 Mkr/cyT, Med = 616 (210-1173). IMosydeHa nipsimast 3aBH-
CUMOCTb MEXKJY COlIep>KaHUEM MeJu B Moue U ypoBHeM TpaHcaokauuu NF-kB B B-numponuurax, r = 0,34,
p =0,016. AktuBHOCTh hakTOpa NF-xB KOoppenupyet ¢ GMOXUMUISCKUMU MapKepaMU TSIKECTU TTOPaKEHUST
neueHu (AJIT, ACT, I'TT) u c conepkaHuem Meau B Moue. MccinenoBaHue curHaibHoro nytu NF-«xB npen-
CTaBJISIETCS TEPCHEKTUBHBIM TSI OOJIbIIETO0 MOHUMAaHUS MAaTOTEHETUYECKUX MEXaHU3MOB (DOPMUPOBAHUS
MpPOLIECCOB BOocIajieHus U (pudpo3a rneyeHu y aereii ¢ bB.

Knroueswie cnosa: demu, 6oae3ub Buavcona— Konosanosa, aumgpovuumut, Th17, Tc17, npomounas yumomempus ¢ euzyasuzayuei,
NF-xB

NUCLEAR TRANSCRIPTION FACTOR kB (NF-xB) ACTIVITY
IN LYMPHOCYTE POPULATIONS IN CHILDREN WITH WILSON-
KONOVALOV DISEASE

Kurbatova 0.V2, Petrichuk S.V.?, Kuptsova D.G.?, Movsisyan G.B.?,
Radygina T.V.?, Komarova A.D.?, Anushenko A.0.2 Freidlin E.V .2,
Semikina E.L.>*, Potapov A.S.*?, Fisenko A.P.?

@ National Medical Research Center of Children’s Health, Moscow, Russian Federation
b I Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Abstract. Wilson’s disease (WD) is a rare hereditary disease caused by a deficiency of the ATF7B transpor-
ter. The accumulation of copper can cause damage to organs and cells, mainly the liver. Copper exposure
can modulate cytokine synthesis through molecular and cellular signaling pathways, including the nuclear
transcription factor NF-kB pathway. NF-«B is the main regulator of inflammation and cell death, acts as
a central link between liver damage, fibrosis and hepatocellular carcinoma. An excess of NF-kB-dependent
cytokine response stimulates inflammatory reactions, but excessive inhibition of NF-kB can negatively affect
the viability of hepatocytes. Method of flow cytometry with visualization — Amnis ImageStreamX allows to
evaluate the activity of NF-kB (% of activated cells in cell populations). The aim: to evaluate the activity
of NF-kB in lymphocyte populations in children with WD disease. Immunophenotyping of lymphocytes
and assessment of the level of translocation of NF-kB were performed in 52 children with WD and in 25
children of comparison group. The mass concentration of copper in daily urine was determined by atomic
absorption method using the AAnalyst 800 spectrometer. In children with WD, the content of cells with NF-kB
translocation varied from 5 to 90% depending on the lymphocyte population; the highest level was detected in B
cells — 57.5 (37-68) %. A significant difference in distributions of the number of cells with NF-«x B translocation
between WD and healthy children was shown (F-criterion, p < 0.01). In most cases, children with WD are
characterized by a decrease in the activity of NF-xB in populations of B cells (in 43% of cases), T helper cells
(48%), T cytotoxic (44%) and Th17 lymphocytes (41%). In children with WD, the concentration of copper
varied from 9.7 to 2582 mcg/day, Me = 616 (210-1173). A direct relationship was obtained between the copper
content in urine and the level of translocation of NF-kB in B lymphocytes, r = 0.34, p = 0.016. The activity
of the NF-kB correlates with biochemical markers of the severity of liver damage (ALT, AST, GGT) and with
copper content in urine. The study of the NF-kB signaling pathway seems promising for a better understanding
of the pathogenetic mechanisms of the formation of inflammation and liver fibrosis in children with WD.

Keywords: children, Wilson—Konovalov disease, lymphocytes, Th17, Tc17, flow cytometry with visualization, NF-x B

primarily in the liver and secondarily in other organs,
such as the central nervous system. WD in some
patients is asymptomatic, while others develop acute
liver failure. Verification of the diagnosis requires a

Introduction

Wilson’s disease (WD) is a rare hereditary disease
caused by a deficiency of the ATP7B transporter.
The protein encoded by this gene promotes the

incorporation of copper into the copper-containing
protein, ceruloplasmin. In WD, copper accumulates

combination of clinical signs and diagnostic tests such
as decreased serum ceruloplasmin levels, increased
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urinary copper excretion, liver biopsy or genetic
testing [3, 6].

Copper (Cu) is an essential micronutrient, however,
excessive accumulation of copper can cause damage to
organs and cells, catalyze the formation of free radi-
cals and trigger lipid peroxidation. Malondialdehyde
formed as a result of lipid peroxidation stimulates
collagen synthesis, promoting fibrogenesis. The toxic
effect of copper on the liver tissue can manifest itself
in the form of fatty degeneration of hepatocytes,
hepatitis, fibrosis and cirrhosis of the liver [12]. The
toxicological and inflammatory effects of Cu have
been investigated in various animal models and
cells [2]. It has been shown that excessive exposure to
Cu can modulate cytokine synthesis through various
molecular and cellular signaling pathways, including
the NF-kB nuclear transcription factor pathway,
the MAPKs pathway, the JAK-STAT pathway, and
NLRP3 pathway [2].

Disturbances in the immune system in patients with
WD have been described, progressing with an increase
in the stage of liver fibrosis and with an increase in the
concentration of copper in daily urine [5].

The transcription factor NF-kB is the main re-
gulator of inflammation and cell death, in the deve-
lopment of hepatocellular damage, liver fibrosis
and hepatocellular carcinoma, acts as a central link
between liver damage, fibrosis and hepatocellular
carcinoma, however, inhibition of NF-xB can not
only provide beneficial influence, but also negatively
affect the viability of hepatocytes, especially with
pronounced inhibition of NF-kB [7]. The p50 NF-«B
subunit plays a critical protective role in damaged
liver by limiting TNFo expression and inflammatory
cell recruitment. In an experimental model that
mimics chronic liver disease, NF-kB-mice developed
more severe neutrophilic inflammation and fibrosis
compared to NF-«xB* mice [9]. However, an excess of
NF-kB-dependent cytokine response can stimulate
inflammatory responses. Therefore, NF-xB activity
should be kept under control to maintain immune
balance [8].

The modern method of flow cytometry with vi-
sualization — Amnis Image Stream X allows to eva-
luate the activity of the transcription factor NF-xB
(% of activated cells in which NF-kB passes from
the cytoplasm to the cell nucleus) in various cell
populations [1]. NF-kB activity has not been studied
in children with WD.

The aim: to evaluate the activity of NF-kxB in the
populations of lymphocytes in children with WD.

Materials and methods

We examined 52 children with WD aged 6 to 18
years, Me 13.6 (11.0-16.4). The comparison group
consisted of 25 healthy children (HC) without
somatic, autoimmune, oncological pathology, com-

parable in age. Immunophenotyping of major and
minor populations of lymphocytes in peripheral blood
was performed by flow cytometry (Novocyte, ACEA
Biosciences, USA). The level of NF-«kB translocation
was assessed on pre-isolated peripheral blood mono-
nuclear cells (PBMCs) by flow cytometry with imaging
(Amnis ImageStreamX Mk II) using the Amnis
NF-«B Translocation Kit (Luminex, USA). We used
monoclonal antibodies labeled with fluorochromes:
CDI19-PE, CD4-PE, CDS8-PE, CD(16/56)-PE,
CD161-PE, CD3-ECD, CD4-PB (Beckman Coulter,
USA). The following cell populations were studied:
CD3-CD19* (B lymphocytes); CD3-CD167/CD56*
(NK cells); CD37"CD4" (T helpers); CD3"CD8* (cy-
totoxic T lymphocytes); CD3*CD161"CD4* (Th17
lymphocytes); CD3*CD1617CD8* (cytotoxic T17
lymphocytes — Tc17).

The mass concentration of copper in daily urine
was determined by the atomic absorption method
using an AAnalyst 800 spectrometer (N.E. Izmerov
Research Institute of Occupational Medicine).

Statistical processing of the obtained data was
carried out using the Statistica 10.0, descriptive
statistics of the indicators are presented in the
form: Me (Qu25-Q+5). To assess the significance
of differences between groups, the nonparametric
Mann—Whitney test, the Wilcoxon test for conjugated
pairs, and the Fisher test were used. Differences were
considered statistically significant at p < 0.05.

Results and discussion

The content of cells with NF-kB translocation in
different populations differed significantly both in the
group of children with WD and in the comparison
group (Wilcoxon test for conjugated pairs, p = 0.000).
The highest percentage was characteristic of the
B cell population (WD — 57.5 (37-68) %; HC —
58.4 (43-79) %), the smallest for T cells (WD — 16.4
(13-24)) %; HC — 17.6 (16-21) %), intermediate
values were found in the NK cell population (WD —
27.1 (19-43) %; HC — 27.8 (20-34) %). The Mann—
Whitney test did not reveal significant differences
between the groups in terms of the content of cells
with NF-xB translocation, however, due to the
large scatter of indicators in the group with WD, a
significant difference was shown in the distribution
of indicators in groups according to the F-criterion
(Figure 1A, p < 0.01). The distributions of NF-kB
activity in the studied populations differ, with the
exception of B cells.

In children with WD, NF-xB activity in Tcl7
lymphocytes was 20.8% (12.5-32.5) and exceeded
NF-«xB activity in T helpers (p = 0.024), Thl7
(p =0.000) and cytotoxic T — lymphocytes (p =0.001)
(Figure 1B). In children of the control group, NF-«B
activity in Th17 lymphocytes was 19.3% (17-21) and
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Figure 1. Content of the main and small populations of lymphocytes with NF-«xB translocation in children with wd and

healthy children
Note. *, F-test, p < 0.01.

exceeded NF-xB activity in T helpers (p = 0.033)
(Figure 1C).

To identify the features of NF-kB activity in the
group of children with WD, we performed a frequency
analysis of the distribution of indicators in all the
studied populations of lymphocytes. It was found
that the content of cells with NF-kB translocation in
B lymphocytes varied from 25 to 90%. At the same
time, only in 45% of patients with WD, the content
of cells with NF-xB translocation in B lymphocytes
corresponded to the level of the comparison group,
in 43% of patients this indicator was reduced, and in
12% of patients it was increased (Figure 2A).

The content of cells with NF-kB translocation into
NK cells varied from 5 to 70% of activated cells, only
in 29% of patients with WD the content of NF-xB
in NK cells corresponded to the level of the control
group, in 42% of patients this indicator was higher
than the control group, decreased in 29% of patients
(Figure 2B). The content of cells with NF-«B
translocation in the T helper (CD4%) population was
characterized by less variability — from 10 to 50% of
activated cells, and in most children with WD (48%) a
decrease in this indicator was noted, and corresponded
to the level of the comparison group only in 21%
of patients (Figure 2C). A similar distribution was
also characteristic of the T-cytotoxic lymphocyte
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Figure 2. Distribution of the number of cells with NF-kB translocation in different populations of lymphocytes in children

with WD

population: a decrease in 44% and an increase in
29% of patients (Figure 2D). The content of cells
with NF-kB translocation in the Th17 lymphocyte
population was reduced in 41%, increased in 26% of
patients (Figure 2E). In the Tc17 lymphocyte popu-
lation, a decrease was found in 31% and an increase
in 38% of patients (Figure 2F). An increase in NF-«xB

activity was most characteristic of the NK cell
population (42% of observations), and the increase
in the content of cells with NF-kB translocation in
children with WD reached 70%.

It is interesting to note that in children with WD,
the translocation level indicators are comparable
with those of the comparison group (medians do
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not differ significantly), in contrast to children with
autoimmune diseases (IBD, psoriasis), who have an
increased level of NF-«B activity [4, 10, 11].

The number of lymphocytes with reduced NF-«xB
activity in the studied populations ranged from 29 to
48% of patients. This fact may be explained by the fact
that lymphocytes reflect the intensity of inflamma-
tory processes in the liver, which is consistent with the
data of Luedde T. that complete blockade of NF-xB
in hepatocytes enhances liver damage [7].

At the next stage of the study, we analyzed the
correlations between the content of major and minor
populations of lymphocytes and the percentage of
activated cells in these populations. An analysis
of cellular immunity parameters in this cohort of
children with WD confirms the previously published
data on the presence of an increase in the content
of T helpers, regulatory T cells, Th17 lymphocytes
and activated T helpers against the background of a
decrease in cytotoxic T lymphocytes and NK cells
relative to the comparison group [5].

An inverse correlation was found between
the relative number of B cells and the number of
B lymphocytes with NF-xB translocation, r = -0.347,
p = 0.012. Correlation analysis between the content
of other populations of lymphocytes and activated
cells with NF-kB translocation in these populations
did not reveal statistically significant relationships.
The level of NF-«xB translocation in the lymphocyte
populations of children with WD also did not depend
on age.

Significant sensitive markers of liver damage
and the proportion of affected cells with NF-xB
translocation were identified. Thus, the concentration
of alanine aminotransferase (ALT) increased with
an increase in the number of activated cells with
NF-«B translocation in the populations of T helpers
(r = 0.53, p = 0.000), T lymphocytes (r = 0.5,
p = 0.000), cytotoxic T lymphocytes (r = 0.48,
p = 0.000), Th17 lymphocytes (r = 0.41, p = 0.003)
and NK cells (r=10.32, p=0.023). The concentration
of aspartate aminotransferase (AST) increased with an
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