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ABSTRACT

Aim. To study the features of the functioning of innate immunity in children with chronic idiopathic urticaria.

Materials and methods. The study included 28 children of both sexes aged 6-16 years with chronic idiopathic
urticaria (CIU). The median age of the patients was 8 years (p = 0.045). Clinical research methods included an
analysis of complaints and anamnestic data, as well as an objective examination of the child (dynamics of urticaria,
severity of itching, the presence of angioedema). Immunological techniques included determination of the number
of monocytes expressing CD14'CD282*, CD14'CD284", CD14'CD289", the number of peripheral blood lympho-
cytes expressing CD3*CD167, the levels of immunoglobulin (Ig) E, lactoferrin, interferon (IFN) vy, interleukin (IL)-
4, and IL-6, and a nitroblue tetrazolium test.

Results. In the course of the study, an increase in the expression of Toll-like receptors TLR2 and TLR4 by mono-
cytes, a decrease in the expression of TLR9 by monocytes, a significant rise in lactoferrin levels, a slight decrease
in the number of natural killer (NK) cells, a decrease in microbicidal activity and adaptive reserves, a rise in IgE
levels, a decrease in IL-4 levels, and an increase in IFNy and IL-6 were revealed in children with CIU.

Conclusion. The immunological changes revealed during the study indicate multidirectional expression of
Toll-like receptors, disturbances in the work of the cellular components of innate immunity, and a launch of a
proinflammatory cytokine cascade in children with CIU, which can serve as a mainstay for the development of new
schemes for personalized therapy of CIU in children.
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PE3IOME

Henab. M3yunts 0coOeHHOCTH (DYHKIMOHHPOBAHUS BPOXKACHHOIO HMMYHHUTETA y JIeTeil ¢ XPOHUUECKO KparHB-
auteit (XK).

MatepuaJnbl 4 MeToAbl. B nccienoBanue BkiaroueHsl 28 nereil 000ux monoB B Bo3pacTe oT 6 10 16 et ¢ xpo-
HUYECKOU MAMONATHYECKOH (CIOHTaHHON) KpanuBHUIEH. Menuana Bo3pacta — 8 net (p = 0,045). Knuangeckue
METOJIbI MCCIEOBAHUS: aHATN3 Kano0, AaHAMHECTUUECKUX TAHHBIX, OOBEKTUBHBIM OCMOTP pedeHKa (IMHAMHKA
YPTHKAPUEB, BHIPAKEHHOCTH KOJKHOT'O 3Y/1a, HAJIMYUE AHTHOOTEKOB). IMMYHOJIOrH4YECKHE METOIbI HCCIICJOBAHMS:
ompeesieHre KOIMYecTBa MOHOILIUTOB, dKcnpeccupyromux CD14'CD282*, CD14°CD284", CD14*CD289", xonu-
yecTBa JIUMQOIMTOB neprupeprudeckoi KpoBu, skcnpeccupytomux CD3*CD16", cogepskannus HMMYHOTTI00yInHA
E, ypoBus nakrodeppuna, nuarepdepona (IFN) vy, unrepneiikuna (IL) 4 u 6, mpoBereHne Tecta ¢ HUITPOCHHAM
TETPA30JIHEM.

PesyabTathl. B xo1e uccnenoBanus y nereit ¢ XK BbISABICHO MOBBIICHHE SKCIpeccud MoHoimTamu Toll-pe-
uentopoB TLR2 u TLR4, nonasnenue sxcnpeccur Mmononuramu TLRY, 3HaunTensHOe yBeIMYCHUE YPOBHS J1aK-
ToepprHa, HE3HAYUTEIILHOE COKpalleHue KojudecTBa NK-KI€TOK, CHIKCHHE MHUKPOOHMIIMIHOW aKTHBHOCTH U
aJaNTalluOHHBIX pe3epBoB, nosbimieHne yposHs IgE, IFNy u IL-6, ymenbiuenue yposus 1L-4.

3axuno4eHne. BpIsBICHHBIC B X0/1€ UCCIICIOBAHUS UMMYHOJIOTHYECKUE U3MEHEHH S CBUCTENBbCTBYIOT O Pa3HOHA-
npaBJieHHOI Akctpeccun Toll-penenTopoB, HapyIIeHUAX B paboTe KIETOYHOTO 3BeHa BPOXKICHHOTO IMMYHHTETA,
3aIlyCKe LIUTOKMHOBOI'O KacKala BOCIANEHUs y JeTeil ¢ XpOHUYECKOH MIMONaTHYEeCKON KPAalIMBHULICH, UTO MOKET
MIOCITYKHATh OCHOBOIT JJIs pa3pabOTKM HOBBIX CXeM TepcoHudunupoannoil reparmu XK y nereid.

KuroueBrble ciioBa: XPpOHHYECCKas KpaliluBHULIA, A€TH, BpO)KZ[eHHLIﬁ UMMYHUTET

KonpaukT unTEepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(INKTOB HWHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKEil HACTOSIIEH CTaThH.

HUctounuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/IH Ipu OpOBEACHUU UCCIIE0-
BaHUA.

CooTBeTcTBHE MPUHIHUIAM dTHKH. Bce y4acTHHKH WCCIENOBAHUS WM MX POJHUTENN TOAMUCAIN JTOOPOBOIIb-
Hoe uH(popMuUpoBaHHOE coriacue. McciaenoBanre o00pEHO JIOKABbHBIM HE3aBHCUMBIM 3THUYCCKHM KOMHTETOM
PoctI'MY (mpotokon Ne 10/21 ot 27.05.2021).

Josi uurupoBanms: Mansue C.B., Cussxuna JLIL., JleGenenko A.A. OcobeHHocTH (yHKIMOHHPOBA-
HHSl BPOX/CHHOTO MMMYHHMTETa y JAET€H C XPOHMUYECKON KparmuBHULCH. Bloiemens cubupckou meouyumbl.
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INTRODUCTION

Chronic urticaria (CU) is a current problem in pe-
diatrics due to increasing incidence, frequently devel-
oping resistance to treatment methods, and negative
impact on children’s and adolescents’ quality of life
(impaired sleep, poor school performance) [1, 2]. The
prevalence of CU in the general population varies
between 0.1 and 1.5% [3, 4]; according to different
researchers, it may increase up to 3% among children
and adolescents [5-8].

It is known that CU is characterized by spon-
taneously developing blisters and / or angioedema
persisting for more than 6 weeks [9]. Clinical mani-
festations of CU are similar in all patients, while the
pathogenesis of the disease is varied. However, the
leading pathogenetic factor in half of the cases cannot
be determined, and such CU is considered to be idio-
pathic or spontaneous [10, 11].

Since the role of innate immunity in the patho-
genesis of urticaria is poorly understood, it seems
promising to study the features of its functioning in
children with chronic urticaria [12]. At the same time,
treatment efficacy is predominantly determined by the
possibility of conducting pathogenetically grounded,
targeted therapy, which becomes truly effective only
when the mechanisms of CU are revealed [13, 14].

The aim of the study was to investigate the features
of the functioning of innate immunity in children with
chronic idiopathic urticaria (CIU).

MATERIALS AND METHODS

Twenty-eight children of both sexes aged 6-16
years with CIU were examined. The median age was
8 years (p = 0.045). Inclusion criteria were clinical
manifestations of urticaria (skin rash, itching, an-
gioedema) lasting more than 6 weeks. Exclusion
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criteria were signs of an acute infectious disease, signs
of chronic disease exacerbation, a positive autologous
serum skin test, elevated serum levels of thyroid per-
oxidase antibodies, and treatment with systemic glu-
cocorticoids within one month before the examination.
The control group included 30 almost healthy boys
and girls aged 6-16 years (median age was 9 years)
without chronic diseases. The patients were examined
on the first day of admission before the initiation of
inpatient therapy.

The studies were carried out according to the
principles of the Declaration of Helsinki developed
by the World Medical Association (WMA) “Ethical
principles for medical research involving human sub-
jects” amended by the 52nd WMA General Assembly
(2000) and “Principles of Clinical Practice in the Rus-
sian Federation”, approved by the Order of the Minis-
try of Health of Russia N0.266 of 19.06.2003.

Clinical research methods included an analysis
of complaints and anamnestic data, as well as an ob-
jective examination of the child (dynamics of rash,
severity of itching, the presence of angioedema).
Immunological techniques included determining the
number of monocytes expressing CD14°CD2827,
CD14'CD284*, CD14'CD289" by flow cytometry
with monoclonal antibodies (Caltag Laboratories,
USA), determining the number of peripheral blood
lymphocytes expressing CD3"CD16" using the FC500

laser flow cytometer (Beckman Coulter Inc., USA),
measuring the levels of immunoglobulin (Ig) E by the
Manchi technique (Microgen, Russia), determining
the levels of lactoferrin, interferon (IFN) vy, interleukin
(IL)-4, and IL-6 (Cytokine, Russia) by enzyme immu-
noassay, and performing a nitroblue tetrazolium test
(DIA-M, Russia). All laboratory tests were performed
once. An informed consent was obtained from parents
of children under 15 years and from adolescents 15
years of age and older to conduct clinical research and
draw blood from veins.

For quantitative variables, the data were presented
as the median and the interquartile range Me (Q,; Q,),
maximum and minimum values Min,; Max. The Mann —
Whitney test was used to compare the medians in the
groups. The differences were considered statistical-
ly significant at p < 0.05. All calculations were per-
formed using R Foundation for Statistical Computing
3.2 software (Austria).

It was found that all children in the experimental
group had typical presentation of chronic urticaria ex-
acerbation (rash and itching), in 12 children (42.9%),
urticaria was accompanied by angioedema.

RESULTS

The results of studying innate immunity parame-
ters in children with CIU and in the control group are
presented in the Table.

Table

Comparison of quantitative parameters of innate immunity in children with CIU and in the control group

CIU, n=28 Control group, n = 30
Parameter p (Mann —Whitney test)
Me (QI; Qj) Min; Max Me (Ql; Qj) Min; Max

CD14'CD282", % 38 (26; 45.5) 18; 88 28.5 (27; 32) 22;34 0.003
CD14°CD284", % 45.5(39; 52.5) 24; 60 7 (5; 8) 5;9 <0.001
CD14°CD289", % 1.7 (1.5; 1.9) 1.2;2.6 30.3 (26.8; 33.2) 22.3;36.5 <0.001
Lactoferrin, ng / ml 4,378 (2,189; 5,004) 1,087; 6,581 985 (750; 1,084) 582; 1,158 <0.001
CD3*CD16", % 8 (5;11) 4,7 10 (7;13) 5; 16 0.062
IgE, g/1 173 (104;197) 10.9; 477 45 (38;75) 34; 88 <0.001
Spontaneous nitroblue

tert)razolium test (NBT), c.u. 96 (84;112) 67,167 102 (98; 105) 89; 112 0.077
Stimulated NBT-test, c.u. 143 (114; 162) 87,200 180 (174; 192) 172; 203 <0.001
Stimulation coefficient, units 1.3 (1.2; 1.7) 1.2;2.4 1.8 (1.75;1.9) 1.7;1.96 <0.001
IFN v, pg / ml 16 (11.1;18) 8.9;23.3 5.8 (5.29;7.5) 4.25;8.7 <0.001
IL-4, pg / ml 2.08 (1.9;2.48) 1.1;2.8 5.3 (4.2;11.3) 3.8;13.7 <0.001
IL-6, pg / ml 9.89 (2.83; 48.7) 1.71; 67.5 4.98 (4.12;5.35) 3.5;5.72 0.154

In children with CIU, we revealed a statistically
significant increase in TLR4 expression by mono-
cytes by more than 6 times compared with the control
group and extremely low values of TLRY expression
by monocytes — a decrease by almost 18 times. At the
same time, the level of TLR2 expression by mono-

cytes was increased by 1.3 times compared with the
control group. In the group of children with CIU, a
4.5-fold rise in the level of lactoferrin was recorded
compared with the control group. The number of nat-
ural killer (NK) cells in the blood of children with CIU
was reduced by 1.3 times compared with the control

Bulletin of Siberian Medicine. 2022; 21 (3): 67-72 69



Maltsev S.V., Sizyakina L.P., Lebedenko A.A.

Features of the functioning of innate immunity in children with chronic idiopathic

group. The median of total serum IgE in children with
CIU was 3.8 times higher than in the control group.
Children with CIU showed a decrease in the values of
spontaneous NBT test associated with reduced adap-
tive reserves of phagocytes combined with decreased
values of stimulated NBT test, which was manifes-
ted through a significantly low stimulation coefficient.
The level of IFNy was elevated by 2.8 times compared
with the control values. At the same time, the content
of IL-4 was reduced by more than 2 times compared
with the control group. The level of IL-6 exceeded the
control values by 2 times, although it was not statisti-
cally significant.

DISCUSSION

Studies describing the role of Toll-like receptors
(TLRs) in the pathogenesis of CIU published by for-
eign researchers are few [15]. In our study, we noted
an increase in TLR2 and TLR4 expression by mono-
cytes in children with CIU, which is in line with the
data published by Russian authors. So, E.V. Sorokina
et al. (2020) found that the TLR2 and TLR4 levels
were 6 and 4 times higher, respectively, in patients
with CIU lasting at least 6 months than in the group
of healthy individuals, while the duration of the dis-
ease did not affect TLRY expression [16]. Our study
showed a decrease in expression of TLR9 by mono-
cytes in children with CIU compared with the control
group. Similar results were obtained in the compara-
tive study published by foreign authors who revealed
functional failure of TLR9 expressed by dendritic
cells in patients with CU compared with the control
group [17].

The properties of serum lactoferrin as one of the
transferrin family proteins involved in transport and
metabolism of iron are fully described in the literature
[18]. Due to this unique ability, lactoferrin exerts its
antioxidant and membrane stabilizing effects [19]. We
did not find available literature on the contribution of
lactoferrin to the pathogenesis of CIU. In our study, a
significant increase in the lactoferrin level in children
with CIU may be explained by its anti-inflammatory
effect — by iron binding in the focus of inflammation,
which eventually reduces cell damage by oxygen free
radicals and decreases the intensity of inflammation.

Currently, NK cells, in addition to their direct cy-
tolytic effects, are known to exert a regulatory effect
on immune responses through secretion of cytokines,
chemokines, and growth factors [20]. We did not
find any information on the contribution of NK cells
to the mechanism of CIU development in the avail-

able literature. Pathological presentation of urticaria
is characterized by a perivascular infiltrate consisting
of lymphocytes, monocytes, mast cells, eosinophils,
and neutrophils [21]. A slight decrease in the number
of NK cells in the blood of children with CIU in our
study may be due to their migration to the focus of
inflammation.

We did not find information about the role of
phagocytosis in the genesis of CIU in the litera-
ture. There are a few works devoted to the study of
phagocytosis in allergic diseases. Thus, the study by
E.G. Moiseeva et al. (2005) showed a decrease in the
intensity of phagocytosis in allergic inflammation,
which is regarded as a stage of its depletion [22]. In
our study, we revealed low microbicidal activity and
a decrease in adaptive reserves in children with CIU,
which also characterizes diminishment of phago-
cytosis.

Determination of IgE level in various variants of
urticaria development has always been of great inter-
est for researchers. Thus, A. Kessel et al. (2010) re-
vealed an increase in the level of IgE in patients with
CU compared with the control group [23]. In a com-
parative study, K.L.Chang et al. (2011) found that in
children with CU, an increase in IgE levels was not
as intense as in patients with acute urticaria [24]. Be-
sides, increased IgE values were found in patients who
had CIU with concomitant atopic diseases [16]. The
results of our study on determining the level of IgE
in children with CIU comply with the results of the
works discussed above.

Changes in the cytokine profile play an important
role in the pathogenesis of somatic symptom disor-
ders, including the pathogenesis of CIU. IL-4 is of-
ten called an anti-inflammatory cytokine, as it is able
to suppress the immunostimulatory effect of Thl and
reduce TNF and IFNy synthesis. However, according
to A.S. Simbirtsev (2021), IL-4 is a typical proinflam-
matory and proallergic cytokine with a wide spectrum
of biological activity, which is involved in the func-
tioning of innate and adaptive immunity [25]. The de-
crease in the serum IL-4 level in children with CIU
revealed in our study demonstrates possible reduction
or suppression of synthesis of this cytokine.

The role of IL-6 in severe CU and its direct rela-
tionship with acute-phase proteins and the fibrinolyt-
ic system are shown in the study by A. Kasperska —
Zajac (2011) [26]. Other foreign researchers also con-
sider that IL-6 plays one of the key roles in immune
and inflammatory responses and can be a biomarker
of CU activity [27-29]. The role of IFNy in the patho-
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genesis of CU was also confirmed by foreign scien-
tists. Thus, a positive relationship was found of baso-
phil activation and an increase in TLR4 expression on
mast cells with an increase in the serum IFNy level in
CIU [30]. The results of our study also revealed over-
production of proinflammatory cytokines IFNy and
IL-6 in children with CIU, which, in our opinion, can
be considered not only as a marker of the inflamma-
tory response intensity, but also as a predictor of CIU
in children.

CONCLUSION

The immunological changes revealed in the study
indicate multidirectional expression of TLRs, distur-
bances in the work of cellular components of innate
immunity, and a launch of a proinflammatory cytokine
cascade in children with CIU. This, in turn, causes
activation of regulatory components of inflammation
and adaptive defense mechanisms of the body, which
results in a chronic course of idiopathic urticaria. An
integrated approach to the study of innate immunity
will provide a more complete understanding of the
immunopathogenesis of CU and may serve as a main-
stay for the development of new targeted treatment
strategies for this disease in children.

REFERENCES

1. Pite H., Wedi B., Borrego L.M. et al. Management of child-
hood urticaria: current knowledge and practical recommen-
dations. Acta Derm. Venereol. 2013;93(5):500-508. DOI:
10.2340/00015555-1573.

2. Ulrich W. Anti-IgE for chronic urticaria — are children little
adults after all? Pediatr. Allergy Immunol. 2015;26(6):488—
489. DOI: 10.1111/pai.12424.

3. Fricke J., Avila G., Keller T. et al. Prevalence of chronic ur-
ticaria in children and adults across the globe: Systematic re-
view with meta-analysis. Allergy. 2020;75(2):423-432. DOI:
10.1111/all.14037.

4. Goncalo M., Gimenez-Arnau A., Al-Ahmad M. et al. The glob-
al burden of chronic urticaria for the patient and society. Br. J.
Dermatol. 2021;184 (2):226-236. DOI: 10.1111/bjd.19561.

5. Sanchez-Borges M., Asero R., Ansotegui 1.J. et al. Diagnosis
and treatment of urticaria and angioedema: a worldwide per-
spective. World Allergy Organ J. 2012;5(11):125-147. DOI:
10.1097/ WOX.0b013e3182758d6¢.

6. Yilmaz E.A., Karaatmaca B., Cetinkaya P.G. et al. The per-
sistence of chronic spontaneous urticaria in childhood is asso-
ciated with the urticaria activity score. Allergy Asthma Proc.
2017;38(2):136-142. DOI: 10.2500/aap.2017.38.4029.

7. Greenberger P.A. Chronic urticaria: new management options.
World Allergy Organ J. 2014;7(1):31. DOI: 10.1186/1939-
4551-7-31.

8. Zuberbier T., Aberer W., Asero R. et al. The EAACI/GA(2)
LEN/ EDF/WAO Guideline for the Definition, Classification,

10.

11.

12.

1

W

14.

17.

1

o]

20.

2

—_

22.

Diagnosis and Management of Urticaria. The 2017 Revision
and Update. Allergy. 2018. DOI: 10.1111/all.13397.

. Federal clinical guidelines on providing medical care for chil-

dren with urticaria. M.: The Union of Pediatricians of Russia,
2016:51 (in Russ.).

Poddighe D, De Amici M, Marseglia GL. Spontaneous (au-
toimmune) chronic urticaria in children: current evidences,
diagnostic pitfalls and therapeutic management. Recent. Pat.
Inflamm. Allergy Drug Discov. 2016;10(1):34-39. DOI: 10.2
174/1872213X10666160219163502.

Namazova — Baranova L.S., Vishneva E.A., Kalugina V.G.,
Alekseeva A.A., Levina Yu. G., Dobrynina E.A. et al. Modern
possibilities of therapy for chronic urticaria in children. Pe-
diatric Pharmacology. 2018;15(3):233-237 (in Russ.). DOI:
10.15690/pf.v15i3.1903.

Maltsev S.V., Sizyakina L.P., Lebedenko A.A. et al. Impaired
cytokine profile in children with urticarial. Medical Herald
of the South of Russia. 2020;11(4):51-57 (in Russ.). DOI
10.21886/2219-8075-2020-11-4-51-57.

. Maurer M., Rosen K., Hsieh H.J. et al. Omalizumab for the

treatment of chronic idiopathic or spontaneous urticaria. N.
Engl. J. Med. 2013;368(10):924-935. DOI: 10.1056/NEJ-
Moal215372.

Casale T.B., Bernstein J.A., Maurer M. et al. Similar effi-
cacy with Omalizumab in chronic idiopathic/spontaneous
urticaria despite different background therapy. J. Allergy
Clin. Immunol. Pract. 2015;3(5):743-750. DOI: 10.1016/j.
jaip.2015.04.015.

. Kasperska-Zajac A., Damasiewicz-Bodzek A., Tyrpien-Gol-

der K. et al. Circulating soluble receptor for advanced glyca-
tion end products is decreased and inversely associated with
acute phase response in chronic spontaneous urticaria. Innate
immunity. Inflamm. Res. 2016;65(5):343-346. DOI: 10.1007/
s00011-016-0914-5.

. Sorokina E.V., Sivakova N.G., Akhmatova N.K. et al. Effec-

tors of innate immunity in chronic idiopathic urticaria. Clin-
ical Dermatology and Venereology. 2020;19(3):337-342 (in
Russ.). DOI: 10.17116/KLINDERMA202019031337.

Futata E., Azor M., Dos Santos J.C. et al. Impaired [FN-a
secretion by plasmacytoid dendritic cells induced by TLR9
activation in chronic idiopathic urticaria. British Journal of
Dermatology. 2011;164(6):1271-1279. DOI: 10.1111/j.1365-
2133.2010.10198.x.

. Boyko O.V., Akhmineeva A.Kh., Gudinskaya N.I. et al. Bio-

chemical and immunological markers in the diagnosis of pathol-
ogies. Fundamental Research. 2013;9(3):327-329 (in Russ.).

. Kuznetsov 1.A., Potievskaya V.I., Kachanov L.V. et al. The

role of lactoferrin in human biological media. Modern Prob-
lems of Science and Education. 2017;3 (in Russ.). URL: http://
www.science-education.ru/ru/article/view?id=26522
Abakushina E.V., Kuzmina E.G., Kovalenok E.I. The main
features and functions of human NK cells. Immunology.
2012;4:220-224 (in Russ.).

. Danilycheva E.V. Urticaria: are there problems? Allergology

and Immunology. 2012;2:42—47 (in Russ.).
Moiseeva E.G., Pasechnik A.V., Mikheeva M.S., Drozdo-
va G.A. Characteristics of phagocytosis and apoptosis of neu-

Bulletin of Siberian Medicine. 2022; 21 (3): 67-72 71



Maltsev S.V., Sizyakina L.P., Lebedenko A.A. Features of the functioning of innate immunity in children with chronic idiopathic

trophils in allergic inflammation. Advances in Current Natural Venereology. 2011;10:370-376. 2012;26(6):66—5672. DOI:
Sciences. 2005;7:38-39 (in Russ.). 10.1111/5.1468-3083.2011.04366.x.

23. Kessel A., Helou W., Bamberger E. et al. Elevated serum total 27. Krause K. Complete remission in 3 of 3 anti-IL-6-treated
IgE-apotential marker for severe chronic urticaria. Interna- patients with Schnitzler syndrome. Journal of Allergy and
tional Archives of Allergy and Immunology.2010;153(3):288— Clinical Immunology. 2012;129(3):848-850. DOI: 10.1016/].
293. DOI: 10.1159/000314370. jaci.2011.10.031.

24. Chang K.L., Yang Y.H., Yu H.H. et al. Analysis of se- 28. Makol A., Gibson L.E., Michet C.J. Successful use
rum total IgE, specific IgE and eosinophils in children with of interleukin 6 antagonist tocilizumab in a patient with re-
acute and chronic urticaria. Journal of Microbiology, Immu- fractory cutaneous lupus and urticarial vasculitis. J Clin
nology and Infection. 2013;46(1):53-58. DOI: 10.1016/j. Rheumatol. 2012;18(2):92-95. DOI: 10.1097/RHU.0b013e-
jmii.2011.12.030. 31823ecd73.

25. Simbirtsev A.S. Cytokines in the immunopathogenesis of 29. Deza G. Emerging biomarkers and therapeutic pipelines for
allergy. Russian Medical Journal. 2021;1:32-37 (in Russ.). chronic spontaneous urticaria. The Journal of Allergy and
DOI: 10.32364/2587-6821-2021-5-1-32-37. Clinical Immunology: In Practice. 2018;6(4):1108-1117.

26. Kasperska-Zajac A. Acute-phase response in chronic urticar- DOI: 10.1016/j.jaip.2018.02.024.
ia. Journal of the European Academy of Dermatology and 30. Dos Santos J.C., de Brito C.A., Futata E.A. Up-regulation of
Venereology. 2011;10:370-376. 2012;26(6):66—5672. DOI: chemokine C—C ligand 2 (CCL2) and C-X-C chemokine 8
10.1111/5.1468-3083.2011.04366.x. (CXCLS) expression by monocytes in chronic idiopathic urti-

26. Kasperska-Zajac A. Acute-phase response in chronic urticar- caria. Clinical & Experimental Immunology. 2012;167(1):129-
ia. Journal of the European Academy of Dermatology and 137. DOIL:10.1111/j.1365-2249.2011.04485 .x.

Authors contribution

Maltsev S.V. — collection of data for analysis, drafting of the article. Sizyakina L.P. — critical revision of the manuscript for important
intellectual content, final approval of the manuscript for publication. Lebedenko A.A — conception and design, analysis and interpretation
of the data.

Authors information

Maltsev Stanislav V. — Cand Sci. (Med.), Associate Professor, Department of Children Diseases No. 2, RostSMU, Rostov-on-Don,
steve30@yandex.ru, https://orcid.org/0000-0001-7614-9053

Sizyakina Ludmila P. — Dr. Sci. (Med.), Professor, Head of the Department of Clinical Immunology and Allergy , RostSMU, Rostov-
on-Don, msiziakina@mail.ru, https://orcid.org/0000-0001-5716-4397

Lebedenko Aleksander A. — Dr. Sci. (Med.), Professor, Head of the Department of Children Diseases No. 2, RostSMU, Rostov-on-
Don, leb.rost@rambler.ru, https://orcid.org/0000-0003-4525-1500

(P<) Maltsev Stanislav V., steve30@yandex.ru
Received 20.04.2022;

approved after peer review 16.05.2022;
accepted 25.05.2022

72 BionneTteHb cMbupckon MegmumHbl. 2022; 21 (3): 67-72



