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Pesome. M3meHeHNsT T-KICTOYHBIX MOMYJISIIIAN, OTBETCTBEHHBIX 32 XPOHUYECKOE TCUCHHUE aJIepruie-
CKOT'0 BOCITAJICHUS M 3a00JIEBaHMWI, B TOM YHCJIe OpPOHXMAIBLHON acTMBI, TTOKa eIle HeAOCTaTOYHO M3yde-
HEL [lenpio 3TOro MccaemoBaHus ObLUIO BEISIBIICHUE (DEHOTUITMYECKUX M3MeHeHHNH B TTomyrsiinsax CD45RA/
CD45RO no3utuBHbIX T-1uMdbolmTax U ypoBHen peryiasitopHbix TUTOKMHOB (TNFa, IFNy, 1L-4, 1L-6,
1L-8, IL-10, IL-13, IL-17A, IL-17F) nipu ayyteprudecKrX pecnupaTOpPHBIX 3a0oyeBaHUsSIX (A3) y meTeid.
B o6pa3suax kpoBu y 90 mereit B Bo3pacte ot 3 1o 11 et (60 60sbHBIX ¢ A3 1 30 310pOBBIX POBECHUKOB)
WCCIIeIOBaI UMMYHHBIE KJIETOYHBIE ITOIYJISIUN W TOKa3aTeJau HUTOKWHOB. YpoBHu IL-4, IL-8, 1L-10,
IL-13, IL-17A u IL-17F B chIBOpOTKE KPOBU JeTeil ¢ OPOHXMAJBLHOM aCTMOUM M aJljIepruuyecKuM PUHU-
TOM OTJIMYAJIMCh OT COOTBETCTBYIOIIMX ITOKa3aTejieit B KOHTpoJipHOI rpymme (p = 0,001). ConmepkaHme
CD3*"CD8"CD45RACD45RO" kiterok, T-xennepos (p < 0,05) u Th-a¢hdekTopoB, 0OAHOBPEMEHHO DKCIIPEC-
cupytoninx ooe n3opopmel CD45RAY m CD45R0O penentopa B riepudepndecKoii KpoBu aeteit ¢ A3, 3HAUM-
TEeJIBbHO MPEeBHIIIAI0 TAKOBBIC ITOKa3aTeIN B KOHTPOJbHOH rpytime (p < 0,001). ¥V 3mopoBBIX AeTeit MOMYISIIINS
Th17 (numdouutel penoruna CD3*CD47"CD196) cocrasisuia 9,49+1,6% CD3"CD4* K1eTOK; 4MCJIO TAKUX
JMM@OOLIMTOB 3HAYUTEILHO HOBbIIIANOCh (10 14,5+0,77%) y neteit ¢ A3 (p < 0,001). AGCOJIIOTHOE CoaepKa-
Hue Th17* xknetok cocraBistmo 93,0+9,30 1 127,0£72,0 xiieTok/MKI cooTBeTcTBeHHO (p = 0,002). [Tokaza-
Tenmu CD4CD45R0O mo3nuTUBHBIX KJIETOK MaMsITH y AeTeit ¢ A3 oka3ajioch 3HauuTeabHO HIke (p < 0,001),
Torma kak KommdectBo CD3"CD19* ki1eToK OBLI0 TTOBBIIIICHHBIM IO CPAaBHEHUIO CO 3I0POBBIMH POBECHU-
kKamu (p < 0,05). AGCOIIOTHOE comeprkKaHWe STUX KJIETOK HE pa3Indalioch MEXIY 3TUMU Tpyrmamu. Ymuc-
10 CD8*CD45RO*T-muMdOoInTOB OBIJIO 3HAYUTEIILHO BBINIE Y ASTE C ajljIepruuecKMU 3a001eBaHUSIMUA
(p <0,025). lanHOE McCIeoBaHMEe MOKA3bIBACT, YTO KoJnmdecTBeHHOe cooTHomIeHne CD3*CD8"CD45RA™
n CD3"CD8"CD45RO*T-KI1eTOYHBIX MOMYJISLWI, a TAKXKe MOBBIIIIEHUE YPOBHEN IIMTOKUHOB, CUHTE3UPYE-
MbIx 110 Th2-, Th17-tytu, B mepudeprdeckoit KpOBU MOXKET OBITH ITOJIC3HBIM TSI TIOHMMAaHUS TeHe3a pe-
CIIMPATOPHBIX AJUIEPTUA, M 3TH JaHHBIC PACIIUPSIOT Hallle 3HAaHMEe 00 MMMYHHBIX MEXaHU3Max ajijleprude-
CKHUX PacCTPOMCTB C MeJIbI0 MHANBUIYAIU3AlIMHA TEPANIeBTUICCKUX IIPOTPaAMM.
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POSITIVE T LYMPHOCYTES AND CYTOKINE PROFILE IN
CHILDREN WITH ALLERGIC RESPIRATORY DISEASES
Turyanskaya A.L, Plekhova N.G., Sabynych V.A, Prosekova E.V.

Pacific State Medical University, Vladivostok, Russian Federation
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Abstract. The changing states of T cell populations responsible for the chronic course of allergic inflam-
mation and diseases, including allergic bronchial asthma, are not yet sufficiently characterized. The aim of
this study was to detect phenotypic changes in the CD45RA/CD45RO0 positive T lymphocytes and the level of
regulatory cytokines (TNFa, IFNy, IL-4, IL-6, IL-8, 1L-10, IL-13, IL-17A, IL-17F) in allergic respiratory
diseases (ARD) in children. In blood of 90 children aged 3-11 (60 children with ARD and 30 healthy peers)
were studied of the immune cellular populations and cytokine indices.

The levels of 1L-4, 1L-8, IL-10, IL-13, IL-17A and IL-17F in blood serum of children with bronchial
asthma and allergic rhinitis differed from appropriate indices in control group (p = 0.001). The quantity of
CD3*CD8*CD45RACD45RO" cells, T helpers (p < 0.05) and Th effectors simultaneously expressing both iso-
forms of the CD45RA* and CD45RO receptor in peripheral blood of children with ARD significantly exceeded
those in control group (p < 0.001). In healthy children, Th17 population (CD3*CD4"CD196 lymphocytes)
comprised 9.49+1.6% of CD3"CD4" of cells, the number of such lymphocytes was significantly increased to
14.5+0.77 in children with allergic diseases (p < 0.001). Absolute numbers of Th17* cells were 93.0+9.30 and
127,0£72.0 cells/ul respectively (p = 0.002). Indicators of CD4CD45RO positive memory cells in children with
ARD was determined as significantly lower (p < 0.001), whereas quantity of CD3*CD19* proved to be higher
(p < 0.05) than in healthy peers. Absolute counts of these cells did not differ between the groups. The number
of CD8"CD45RO*T lymphocytes was significantly higher in children with allergic diseases (p < 0.025). This
research shows that the quantitative ratio of CD3*CD8*CD45RA" and CD3"CD8*CD45RO" populations of
T cells, and increased levels of cytokines, synthesizable via Th2 and Th17, in peripheral blood may be helpful
for understanding genesis of allergic respiratory diseases, and extends our knowledge on immune mechanisms
of allergic disorders for individualization of therapeutic programs.

Keywords: T lymphocytes, T helpers, cytokine, allergic rhinitis, atopic bronchial asthma, children

Introduction

In case of allergic diseases, imbalance in regula-
tion of immune response to antigen is accompa-
nied by decrease of suppressive activity of regulatory
T cells, production of specific immunoglobulin an-
tibodies IgE or implementation of delayed-type hy-
persensitivity reaction and allergic inflammation. The
role of activated CD4"T cells of memory as the main
producer of cytokines of activated T helpers of type 2
(Th2) in allergic bronchial asthma and a number of
other atopic diseases has been proven. Cytokines of
Th2 profile — IL-4 and IL-13 interact with resident
cells of pulmonary tract, including epithelium, myo-
fibroblasts and smooth muscle cells, as a consequence
affects pathophysiological features of implementation
of inflammation in bronchial asthma [3, 15]. Original-
ly was considered that the specified Th2 cytokine gen-
erally were produced by CD3*CD4"T cells, the ability
to synthesize them and CD3*CDS8*T cells is currently
shown, were found allergen — specific CD3*CD8*

of the T cell [7]. Suggested, that an increase in the
number of activated T cells of memory (CD54RO/
CD25) in the lungs or peripheral blood indicated
chronic inflammation in asthma. CD3*CD4* popu-
lations (Th1, Th2, Th9, Th17, Th22, Treg and Tfh),
CD3*CD8" of memory and effector subpopulations
differ on extracellular (CD25, CD45R0O, CD45RA,
CCR-7, L-Selectin [CD62L], etc.) and intracellular
to markers (FOXP3), epigenetic and genetic programs
and metabolic ways (catabolic or anabolic) that de-
fines their pathogenic value in development of allergic
inflammation.

Differentiation of naive T cells into functionally
complete effectors is accompanied by acquisition of
a characteristic cytokine profile, which, as a result,
determines their functional activity. Thus, subpopu-
lations CD4*T lymphocytes — T helpers (Th) are
responsible for the formation of cell-mediated and
acquired types of immune response and these cells
are phenotypically highly heterogenic. Under the
influence of the various cytokine produced by CD3*
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CD4* lymphocytes various subpopulations of T help-
ers (Th) are formed: Thl are the cells synthesizing in-
terferon — gamma (IFNy), Th2 — the producing [L-4,
IL-5 and I1L-13, regulatory T cells, Treg capable to
synthesis of TGF-3 and expression of a transcription
factor of FoxP3 [12, 15]. Antigen expressed T cells by
phenotypic characteristics are divided into popula-
tions of effector and T cells of memory, the latest are
divided into T cells with effector memory by expres-
sion of CCR7 receptor (Tem) and central memory of
CCRY7 (Tcm) [6]. It has been previously reported that
memory T cells are associated with chronic inflam-
matory diseases [8]. However, specific subpopulations
of human memory T cells, which are responsible for
the chronic course of allergic inflammation and dis-
eases, including allergic bronchial asthma, are not yet
sufficiently characterized.

Correlation of plasticity of T subpopulations and
possibility of cell transition from one population
to another depending on microenvironment, type
of obtained cytokine signals and other factors are
shown [9]. Development of inflammatory process in
respiratory tract in case of allergic diseases is accom-
panied by participation of different populations of
immunocompetent cells and mediators of inflamma-
tion. Among pathogenetic mechanisms of bronchial
hyperreactivity the dysregulation of the immune an-
swer with changes of activity and a ratio of subpopu-
lations of Thl, Th2, Th9 and Treg is noted. Locally,
numerous extracellular messengers are contained in
the focus of allergic inflammation in addition to ac-
tivated immune cells, which act as the main initiators
of T helper cell plasticity. Polarization of cells of Th2
in ThO is initiated by IL-4 and the main effector cyto-
kine of Th2 of cells IL-4, IL-5 and IL-13. Th17 after
stimulation of TGF, IL-6 and IL-21 produce IL-17A,
IL-17F, IL-22 and IL-26 and also IL-6 and IL-21 as
positive loopback cytokine with feedback [13, 15].

The aim of the study is to detect phenotypic changes
in the CD45RA/CD45RO of positive T lymphocytes
and the level of regulatory cytokines (TNFa, [FNy,
1L-4, I1L-6, IL-8, IL-10, IL-13, IL-17A, IL-17F) in
allergic respiratory diseases in children.

Materials and methods

The study included 90 children aged 3-11, among
them 60 children with a verified diagnosis of aller-
gen-induced bronchial asthma phenotype with mild
(11.67%) and moderate severity (88.33%) clinical
course of disease (44 (73.33%) bronchial asthma chil-
dren combined with allergic rhinitis) and 30 healthy
peers who made up the comparison (control) group.
All children were observed in RSBHI “Vladivostok
Clinical and Diagnostic Center”. Verification of the
disease phenotype was carried out in accordance

with the recommendations of the international con-
ciliation documents PRACTICAL (2008), European
Academy of Allergy and Clinical Immunology and
the American Academy of Allergy, Global Strategy
for Asthma Management and Prevention (2018) and
ARIA (2016). The criteria for exclusion from the
study were up to 3 years of age and older than 11 years,
virus-induced phenotype, severe course of bronchial
asthma and use of immunocorrective drugs in the
previous six months. The design of the study was ap-
proved by the Interdisciplinary Ethics Committee of
Pacific State Medical University 23.06.2014, Protocol
No. 7.

Immunophenotyping of the cells was carried out
using human-specific mouse monoclonal antibod-
ies conjugated with FITC, phycoerythrin (PE), al-
lophycocyanin (APC) and VioBlue (Miltenyi Biotec
GmbH, Germany). Immunological study included
determination of T lymphocyte (CD3*) popula-
tions, T helpers (CD3*CD4"), cytotoxic T cells
(CD3*CD8"), B lymphocytes (CD19%)As well as
determining the expression of the differentiation an-
tigen CD45 with the RA and RO isoforms (Clone
ToeDI11 and REAG611 respectively, Miltenyi Biotec
GmbH, Germany) on subpopulations of naive T lym-
phocytes (CD3*CD4*CD45RA"), “terminally dif-
ferentiated” CD45RO — positive Th-cells memories
(CD3*CD4"CD45RA CD45R0O") and also the bear-
ing two isoforms a double — positive transitional Th-
cells (CD3"CD4*CD45RA CD45RO"). Thl17 cells
were identified as CD3"CD4* positive events with
an additional signal for receptor expression to Th17
cell-specific chemokine CCR6 (CD196 (CCR6)
-APC clone REA277; Miltenyi Biotec GmbH, Ger-
many). For determination of intracellular content of
cytokine of IL-17 used monoclonal antibodies against
IL-17A (REA1063 clone), marked PE-Vio770, iso-
typic control of an antibody against REA (Miltenyi
Biotec GmbH, Germany). Lymphocyte subpopula-
tion was determined by multicolor flow cytometry
using MACSQuant TM Analyzer 10 (Miltenyi Biotec
GmbH, Germany). The data were analyzed by gain-
ing at least 30,000 leukocytes in the sample. The pop-
ulation of CD3* PE-labeled lymphocytes was gated
using fluorescent channel (FL3) and lateral light scat-
tering parameter (SSC). Respectively, two-parame-
ter a pillbox rafts CD3*CD4*CD45RA*CD4"5RO*
(Th eff), CD3*CD4*CD196* (Th17 CD196%) and
CD3*CD4"IL-17A* (Th IL-17A) were created for
assessment of percentage of CD3*CD4"CD45RA*
(Th naive), CD3"CD4*CD45RA CD45RO* (Th em,
effector T cells of memory) [5].

Concentration of interleukins (TNFa, IFNy,
1L-4, IL-6, IL-8, IL-10, IL-13, IL-17A, IL-17F) and
IgE in serum of blood determined by method of the
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solid-phase enzyme immunodetection with use of
sets of reactants according to the enclosed instruction
(interleukins in pg/ml, reactants of eBiociens, Bend-
er Medsystems GmbH, Austria, IgE in IU/ml, LLC
Alcor Company of Biot, St. Petersburg).

For statistical processing of digital data used meth-
ods parametrical (at normal distribution of indica-
tors and coefficient of a variation of CV < 30%) and
nonparametric (at distribution, other than normal,
and coefficient of a variation of CV > 30%) statistics
with use of the Statistica 10 program. The arithmetic
mean (M), median (Me), quadratic mean deviation
([alpha]), arithmetic mean error (x m), upper and
lower quartile (Q,,s-Q,+s), confidence interval (CI),
index validity factor (t) and differences (t and p) were
counted. Correlation analysis techniques were used in
calculating the Spirman rank correlation coefficient
with checking the normality of the characteristic value
distribution (Shapiro—Wilk). The scope of the studies
carried out and the use of the corresponding statistical
methods allowed to estimate the results with reliability
and critical level of significance p < 0.05.

Results and discussion

In children with allergic respiratory diseases com-
pared to healthy peers, there was an increase in the
specific weight and absolute amount of eosinophils in
peripheral blood (p < 0.01) and serum total IgE con-
tent (318, 20+25.23 IU/ml (CI 306.69-443.89 1U/ml
and 51, 80+14.19 TU/ml (CI 25.95-79.96 1U/ml re-
spectively p < 0.01). At bronchial asthma and allergic
rhinitis at children indicators of IL-4, IL-8, IL-10,
IL-13, IL-17A and IL-17F in serum of blood dif-
fered with indicators of group of control (Figure 1).
The serum IL-17A content of children with allergic
diseases ranged from 89.8 to 365.5 pg/ml (123.7 [107-
139]) and was significantly higher (p = 0.0001) in the
group of healthy children (from 23.8 to 97.9 pg/ml
(68.7 [47.4-83.3]), Figure 1G). Serum IL-17F levels
in children with allergic diseases ranged from 19.2 to
76.0 pg/ml (28.6 [25.2-36.5]) and did not differ signif-
icantly with those of healthy peers (21.6-76.0 pg/ml
(27.7 [25.3-35.0]). In the isolated course of bronchial
asthma and in combination with allergic rhinitis, an
increase in the concentration of interleukins 4,8,13
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Figure 1. Cytokine content in the blood serum of children with allergic respiratory diseases and healthy peers
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and 17A was detected with a decrease in the produc-
tion of interferon gamma without significant differ-
ences depending on the prevalence of allergic inflam-
mation. At healthy children indicators of interleukins
in serum of blood varied in the range from several units
of (IL-4, IL-8, IL-13) up to several tens (IL-17A,
IL-17F TIFNy) picograms in a milliliter with the con-
fidential intervals (CI) of IL-4 — 1.44-1.54 pg/ml;
IL-8 — 2.41-3.18 pg/ml; IL-13 — 4.34-5.78 pg/ml;
IL-17A — 21.78-25.69 pg/ml; IL-17F — 24.51-26.89
pg/ml; IFNy — 28.62-30.58 pg/ml. At children with
allergic diseases straight lines of weak force of cor-
relation between indicators of IL-17A and IL-17F
IL-13 and IL-4 and the return orientation of inter-
relation are noted 1L-8 with IL-17A and IFNy, IL-13
with IL-17F and IFNy are revealed between IL-4 with
IL-8 and IL-17F, at reliability of negative correlation
of indicators of IL-17F with IL-4 and IFNy.
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The primary contact of naive T cells with the anti-
gen is accompanied by their clonal expansion and dif-
ferentiation into different subpopulations of effector
cells. Phenotypical sign of a differentiation of naive
T lymphocytes is the expression on a CD45RO iso-
form surface instead of the CD45RA isoform [4, 11].
The cytometric analysis at healthy and children with
allergic diseases of respiratory organs did not reveal
statistically significant differences in the percentage
of populations of CD3*, CD8*, CD8*CD45RA and
CD4*CD45RA CD45RO- (Figure 2). The specific
gravity and absolute number of CD3*CD8*CD45RA-
CD45RO" cells in the peripheral blood of children
with allergic diseases significantly (p < 0.001) ex-
ceeded those in the control group (Figure 2B). De-
crease in percent of CD3CD45RA of positive cells
and CD3CD45R0O indicates increase in a pool of the
differentiated cells which are not bearing an isoforms

—
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Figure 2. Structural-quantitative characterization of lymphocyte and T cell subpopulations in peripheral blood of children
with allergic diseases of respiratory organs and healthy peers
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of a receptor of CD45R0O and CD45RA on the sur-
face. In children in allergic bronchial asthma, in com-
bination with allergic asthma, there was a tendency
to increase the differentiated population of CD3CD4
positive T helpers (p < 0.05) and to increase the
amount of Th effector type expressing both isoforms
of the CD4*5RA and CD45RO receptor at one time
(p <0.01). The specific weight in children with allergic
respiratory diseases CD4CD45RO positive memory
cells was determined significantly lower (p < 0.001)
and CD3"CD19" higher (p < 0.05) than in healthy
peers. The absolute number of these cells did not dif-
fer between groups. The number of CD8*CD45RO*T
lymphocytes was significantly higher in children with
allergic diseases (p < 0.025) (Figure 2B).

CD196 selectively binds chemokine MIP-3a/
CCL20, which is secreted by many cells and tissues
of the body. When interacting with chemokines, che-
motactic activity of immature memory T cells and
conversion to Th17 are induced [15]. The cytomet-
ric analysis showed that at healthy children Th17
population (CD3*CD4*CD196 lymphocytes) made
9.49£1.6% of CD3*CD4" of cells (Figure 2B), the
number of such lymphocytes was significantly in-
creased to 14,5+0.77 in children with allergic diseases
(p < 0.001). Absolute numbers of Th17 were 93,01+9.30
and 127, 0£72.0 kl/ul respectively (p = 0.002). Cor-
relation analysis showed no significant dependence on
age and period of disease (r, = 0.12, p = 0.21 control
group and r, = 0.06, p = 0.25 children with allergic
diseases). When the age adjustment was taken into ac-
count, the frequency of difference in Th17 between
the two groups was 0.013. Similar data were obtained
from the cell population of the production-positive
IL-17A Th17. In group of control the percent of pop-
ulation of IL-17A of positive cells made 0.53+0.08%
of CD3"CD4" of lymphocytes, at children with bron-
chial asthma and allergic renitis made 2.38+0.70%
(p <0.001).

The peripheral blood of patients with bronchial
asthma shows an imbalance in the quantitative ratio
of T cells, more pronounced when the disease is exac-
erbated by allergen exposure. In this study, in children
with allergic respiratory diseases compared to healthy
peers, there were no differences in the percentage and
quantity of CD3 and CD8 positive T cells, with an
increase in specific gravity and absolute number of T
helper population, which is consistent with the data of
other authors [3].

At patients with allergic diseases showed a change
in the subpopulations of memory T cells CD4* and
CDS8"* positive T lymphocytes, the percentage of
CD4*CD45RO* cells was significantly lower than
in healthy individuals, with no difference between
absolute values. The decrease in specific gravity

CD4*CD45RO"T cells is likely due to the withdrawal
of this population from peripheral blood to the site of
inflammation. This assumption is supported by evi-
dence of decreased CD45RO receptor expression on
sputum T cells in patients with bronchial asthma asso-
ciated with oral glucocorticoid administration [8, 10].
In the real research the correlation between weight of
a course of a disease and degree of an expression of a
marker of cells of memory (CD45R0O) on CD4*T cells
is not revealed, at higher percent of CD4*CD45RO*
of T cells of children with an allergopathology. The in-
crease in the number of CD8CD45RO positive T cells
found in allergic diseases illustrates the involvement of
these cells in immune mechanisms of allergic inflam-
mation. They are able to secrete profile Th2 cytokines,
including IL-4, IL-5 and IL-13. Indicate the relation-
ship of the number of CDS8*T cells in the bronchial
biopsy in asthma to the decrease in lung function [14].

Maturing T cells are known to change the set of
chemokine receptors and adhesion molecules de-
pending on extracellular signals, which determines
their movement to the zone of performance of spe-
cific effector functions. In allergic bronchial asthma,
CCRG6 expression plays an important role in regulat-
ing the recruitment of effector T cells in tissue [3]. In
bronchial tubes at bronchial asthma of Th17 lympho-
cytes influence products of a mucin and a hyperpla-
sia of goblet cell, by synthesis of cytokine of IL-17A.
IL-17F together with IL-17A causes chemokine
production, affects mRNA transcription and protein
translation [1, 2]. In the conducted research at chil-
dren with allergic diseases of respiratory organs the
imbalance in subpopulation structure T helper due
to prevalence of Th2 and Th17, activation of synthe-
sis of IL-17A, 1L-4, IL-8, IL-13, the low IFNy level,
changes of force and orientation of interrelations of
a cytokine profile and range T subpopulations is re-
vealed.

Conclusion

At allergic diseases of respiratory organs at chil-
dren tension of T cellular immunity, decrease in
maintenance of T cells of memory and increase in
quantity of Th2 and Thl17, reduction of long-living
population of CD3*CD4"CD45RA*CD45RO* (Th
eff) is defined. This research illustrates that the quan-
titative ratio of populations of CD3*CD8*CD45RA*
and CD3*CD8*CD45RO" of T cells and increase
in level of cytokine, synthesizable Th2 and Thl7, in
peripheral blood informatively at realization of al-
lergic diseases of respiratory organs and supplements
knowledge of immune mechanisms of pathogenesis of
allergic diseases for individualization of programs of
therapy.
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