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Pesome. PC gBisieTcsl pacnipoCTpaHEHHBIM 3a00JieBAHMEM LIEHTPaJTbHOW HEPBHOUW CHUCTEMBI, KOTOPOE
MPUBOAUT K MHBAJIUIN3ALMY 1 CHIXKEHUIO KauecTBa XKU3HU. J1e61oT 3a601eBaHus y 3-5% maiueHTOB IIPUXO0-
JIIUTCS Ha IETCKUI BO3pACT U UMEET MEeHee OJIaronpusiTHOE TeUeHUeE, IO CPAaBHEHUIO cO B3pociabiMu. PC BbI-
3bIBAETCS aKTUBAlLMEN ayTOpeaKTUBHBIX 3P eKTopHbIX T-KIIETOK NpU CpbiBe NepudepruiecKoil ToJepaHT-
HOCTH, KOTOpasi B HOpMe KOHTposiupyetcs T-peryastopHbiMu kKieTtkamu (Treg). [lepcieKTUBHBIM SBIISIETCS
uccienoBaHue skcrpeccuu s3kToHykieotraas CD39 u CD73 B nonynsuusax Treg u Thl7 mis oueHKM mx
CYNpecCUBHOU aKTUBHOCTU. Llesib — OLIEHUTh COAep>KaHUE OCHOBHBIX U MAJIBIX TTOMYJISIUIA JIMM(OIIUTOB U
skcnpeccuto 3kToHykieotuaas CD39 u CD73 B monynsuuu CD4* tumbouutoB y nereii ¢ PC. O6cnenoBaHo
111 nereii ¢ PC, 66 neteit — ¢ KOHTpacT HeraTUBHbIMU oyaramu Ha MPT (1-s rpymnma), 45 neteit — ¢ KOHTpacT
MO3UTUBHBIMU ouaraM (2-s rpytia). [pyrimny cpaBHeHUs cCOCTaBUIN 46 YCIIOBHO 3I0POBBIX IETEI, COMOCTa-
BUMBIX MO0 Bo3pacTy (3-g rpynmna). Coaepxanue T-mumdornuros, B-numdonurtos, NK-nmumdonuros, Treg
(CD4+*CD25"e"CD127%"), Thact (CD4*CD25Me"CD127"eh), Th17 xietok (CD3*CD4*CD161%); skcrpec-
cuto CD39 u CD73 B Treg, Th17 u Thact npoBogWJin METOAOM NPOTOYHOU LUTOMIIyopuMeTpUn. BhIsiBIEHO
yBenauueHue conepxkanus T-xennepoB, cHuxxkeHue NK-kiieTok y maieHToB Bo 2-i rpyrre. [TonyueHo yBe-
nuueHue koinndectBa Thact u Th17 numbouuTtos y manuueHtoB odeux rpymni ¢ PC. KonnuectBo Treg B 1-11
rpymrmne ObU10 JOCTOBEPHO BhILIE, 4YeM B 3-1i rpynne. CooTHOIIEHUE KIEeTOK ¢ aKcmnpeccueit CD39 u CD73 y
nauueHToB ¢ PC 3aBucesno ot nonyasiuuu JUMM@OLMTOB TakKe, Kak 1 B 3-1i rpyrne. Hanbomablinee comepka-
Hue CD39" kietok oTMevanoch B nonyJsiuuu Treg, a HauMeHblee B nmonyJsiuuu Thact. s akcnipeccun
CD73 Haoboport, Hauboabias akcrnpeccuss CD73 Habaonanack B Thact kierkax, HaumeHblinas B Treg. [Tpu
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CPaBHEHUU TPYIIN MAIlMEHTOB IMOJYYEHO, YTO Y MAllMeHTOB |-il Tpynmnbl ObLJIO JOCTOBEPHO YBEJIUYEHO KO-
JIMYECTBO KJIETOK, DKCIIpeCcCUpyrolmnx 3kToHykiaeotunady CD39, a konudectBo supThl7 ObLIO cpaBHUMO
¢ 3-it rpynmnoii. B obeux rpynmnax nanueHtoB ¢ PC HaGaoganock yBeanueHue koaudectsa CD73 B Treg,
Thact u Th17. Takum 0Gpa3om, BeIsIBIIeHbl UHDOPMaTUBHBIE TOMyassuuu JuMdbonutos (CD4* kitetku, Treg,
CD39"Treg, supTh17), KoTopble MOTYT ObITh UCITOJIb30BaHbI JIJ1SI MOHUTOPUHTA COCTOSIHUS AETEN C pacCesiH-
HBIM CKJIEPO30M.

Knroueswie cnosa: nonyasuuu aumepoyumos, CD4* aumgouyumest, Treg, Th17, Thact, CD39, CD73, paccesHnulii cknepo3, demu

FEATURES OF PARAMETERS OF CELLULAR IMMUNE
DEPENDING ON THE ACTIVITY OF FOCI OF DEMYELINATION
IN CHILDREN WITH MULTIPLE SCLEROSIS

Radygina T.V.2 Kuptsova D.G.?, Kurbatova O.V.2 Petrichuk S.V.2,
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Abstract. MS is a common disease of the central nervous system that leads to disability and reduced quality
of life. The debut of disease in 3-5% of patients occurs in childhood and has a less favorable course compared
to adults. MS is caused by the activation of autoreactive T cells in the breakdown of peripheral tolerance,
which is normally controlled by regulatory T cells (Tregs). It is promising to study expression of CD39 and
CD?73 in Treg and Th17 populations to assess their suppressive activity. Aim is to evaluate content of major
and minor lymphocyte populations and expression of CD39 and CD73 in CD4* lymphocyte population in
children with MSS. 111 children with MS were examined, 66 with contrast-negative lesions on MRI (Group 1),
45 with contrast-positive lesions (Group 2). The comparison group consisted of 46 healthy children (Group
3). Content of T, B, NK lymphocytes, Treg (CD4"CD25"ehCD127'°v), Thact (CD4"CD25"e"CD127"eh), Th17
cells (CD3*CD4"CD161%); expression of CD39 and CD73 in Treg, Th17 and Thact was performed by flow
cytometry. An increase in content of T helpers, a decrease in NK cells in patients in group 2 was revealed. An
increase in number of Thact and Th17 lymphocytes was obtained in patients of both groups with MS. Number
of Tregs in group 1 was significantly higher than in group 3. Ratio of cells expressing CD39 and CD73 in MS
patients depended on lymphocyte population as well as in the group 3. The highest content of CD39* cells was
observed in Treg population, and the lowest in Thact population. For CD73 expression, on the contrary, the
highest expression of CD73 was observed in Thact cells, the lowest in Treg. When comparing groups of patients,
it was found that in patients of group 1, number of cells expressing CD39 ectonucleotidase was significantly
increased, and number of supTh17 was comparable with group 3. In both groups of MS patients, an increase
in CD73 counts in Treg, Thact and Th17 was observed. Thus, informative populations of lymphocytes (CD4*
cells, Treg, CD39*Treg, supTh17) have been identified, which can be used to monitor condition of children
with multiple sclerosis.

Keywords: lymphocytes subsets, CD4* subsets, Treg, Th17, Thact, CD39, CD73, multiple sclerosis, children

Introduction

Multiple sclerosis (MS) is a chronic, demyeli-
nating disease, which is based on a complex of auto-
inflammatory and neurodegenerative processes
leading to multiple focal and diffuse lesions of the
central nervous system (CNS), resulting in disability
of patients. There are about 2.8 million people with
MS in the world. Since 2013, the prevalence of M S has
increased in all regions of the world, in Russia it ranges
from 51 to 100 cases per 100,000 population [15].
There are 2 main forms of MS: relapsing-remitting

(RR) and primary progressive. The onset of MS
disease in 3-5% of patients begins before the age of
16 [8]. MS in children is different from the disease in
adults and has its own characteristics. Children are
less likely to develop primary or secondary progressive
multiple sclerosis; 98% of children with MS have a
RR form of the course. Children have more frequent
relapses and disability occurs 10 years earlier than
adults [1, 8].

The etiopathogenesis of M S is not fully understood.
It is believed that the disease occurs in a genetically
determined individual under the influence of adverse
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environmental factors [5]. There are over 200 genes
associated with MS. Understanding of the process
and the significance of certain genes is proven only for
a few associated loci, such as variants of HLA-A*02:01
and HLA-DRBI1*15:01, as well as genes encoding
the a-chains of IL-2 and IL-7 receptors [11]. MS is
caused by the activation of peripheral autoreactive
effector T cells (Teff), which migrate to the CNS
and initiate the pathological process [5]. Most Teff is
discarded in the thymus (central tolerance), a small
amount of Teff is released to the periphery. Normally,
regulatory T cells (Treg) control peripheral tolerance
mechanisms by downregulating the activity of various
cell types, including Teff, cytotoxic CD8*T cells, and
antigen presenting cells (APCs), through intercellular
contact and the secretion of suppressor cytokines [10].

When peripheral tolerance is disrupted, which in-
volves genetic factors, environmental factors, inclu-
ding infectious agents (Epstein-Barr virus) and micro-
biota, cell clones are formed that, due to molecular
mimicry, are capable of causing damage in the
CNS [12, 14]. After entering the CNS, Teff (CD8*T
cells, Th1 and Th17 cells) and B lymphocytes activate
cellular and humoral immunity reactions, secreting
cytokines that cause the activation of CNS resident
immune cells (microglia, astrocytes, macrophages),
which also produce cytokines, amplifying functions
of APC [8].

It is known that Teff in the CNS, in addition to
Tregs, can be regulated by other regulatory cells: type 1
T regulatory cells (Trl), CD8"Tregs, NK cells, and
B regulatory cells. Thus, an increase in the number
of NK cells is associated with remission with effective
therapy with daclizumab and IFNf [3]. In patients
with MS, it has been shown that Treg, as well as Trl,
have a reduced suppressor activity in relation to the
inhibition of Teff proliferation [3]. The suppressor
activity of Tregs can be assessed by the amount of
CD39 and CD73 ectonucleotidase expressed on their
surface.

CD39 and CD73 are enzymes expressed on
the surface of immune cells that sequentially
dephosphorylate pro-inflammatory ATP to adenosine,
which has anti-inflammatory properties. To date,
there are conflicting data regarding the expression of
CD39 in Treg in patients with MS. Some studies have
shown that the frequency of CD39" cells in the Treg
population is reduced [4], in others, on the contrary,
both their content and ATPase activity are increased,
regardless of immunomodulatory treatment [2, 7].
In this regard, the aim of this study is to evaluate the
content of major and minor lymphocyte populations,
as well as the expression of CD39 and CD73 in the
CD4* lymphocyte population in children with MS.

Materials and methods

We examined 111 children with MS at the age of
16 (14.2-17.5) years. MS patients were divided into
groups based on clinical and anamnestic data and

magnetic resonance imaging (MRI) results: group 1 —
patients with contrast-negative demyelination foci
(without active foci), n = 66; Group 2 — with contrast-
positive foci of demyelination (with active foci),
n = 45. We also examined 46 conditionally healthy
children, comparable in age and with no deviations
in the results of standard clinical and biochemical
blood tests. The examination of all groups of children
was carried out in accordance with the ethical and
regulatory documents of the Russian Federation. The
study was approved by the local ethical committee.
Before the study, informed consent was obtained
from the parents in accordance with the Declaration
of Helsinki. Venous blood samples for the study were
obtained by taking from the cubital vein on an empty
stomach in BDVacutainer® tubes with K,EDTA
anticoagulant.

The content of the main and small populations
of lymphocytes, as well as the study of the number
of lymphocytes with the expression of CD39 and
CD73 ectonucleotidase, was carried out by laser
flow cytometry (Novocyte, ACEA Biosciences,
USA). A panel of monoclonal antibodies conjugated
to various fluorochromes was used: CD4-FITC
(cat. A07750, Beckman Coulter, USA), CDI27-
PE (cat. IM 10980U, Beckman Coulter, USA),
CD25-PC7 (cat. A52882, Beckman Coulter, USA),
CD161-PE (cat. IM 3450, Beckman Coulter, USA),
CD3-PC5 (cat. A07749, Beckman Coulter, USA),
CD39-APC-Cy7 (Clone Al, cat. RT2241130 Sony
Biotechnology, USA), CD73-APC-Cy7 (Clone
AD?2, cat. RT2320110, Sony Biotechnology, USA).
The number of cells with CD39* and CD73" in
Treg (CD4*CD25"e"CD127"%), activated T helpers
(Thact — CD47CD25*CD127"e"), Th17 lymphocytes
(CD4*CD161"CD3*%) was assessed using stepwise
gating. To isolate Tregs and Thacts carrying CD39
and CD?73, first, the “lymphoid” region was isolated
according to the parameters of direct (FSC) and side
(SSC) light scattering, CD4* positive lymphocytes
were isolated, among CD4" cells, Tregs were isolated
by markers (CD47CD25"s"CD127°%) and Thact
(CD4*CD25"ehCD127"eh), Within the selected Treg
and Thact regions, the percentage of cells carrying
CD39 and CD73 was evaluated. Within the isolated
region of Thl7 cells (CD3"CD4*CD161%), the
number of cells expressing CD39 and CD73 was also
evaluated.

The obtained data were statistically processed
using the Statistica 10.0 program (StatSoft; USA).
Descriptive statistics of quantitative traits are presented
in the format: median (lower and upper quartiles) —
Me (Q,5-Qo75). The significance of differences bet-
ween groups was assessed using the nonparametric
Mann—Whitney U test. Differences were considered
statistically significant at p < 0.05.

1021



Paodvieuna T.B. u op.
Radygina T.V. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

Results and discussion

The content of lymphocyte populations in patients
with MS in groups without active foci and with active
foci was assessed in comparison with apparently
healthy children (Table 1). A significant increase
in the relative content of T lymphocytes due to the
population of T helpers was found in patients with
active foci compared with healthy children. The
content of NK cells was significantly reduced in
patients with active lesions compared with apparently
healthy children and compared with patients without
active lesions.

In patients with MS in both groups, the content
of small helper populations was also significantly
increased. An increase in the population of Thact

lymphocytes and an increase in the absolute number
of Th17 lymphocytes were obtained. It is interesting
to note that the number of Tregs in patients without
active lesions was significantly higher than in the group
of apparently healthy children. While in patients with
active foci, the number of Treg was significantly lower
than the comparison group.

As mentioned above, both Treg lymphocytes and
NK cells are involved in the regulation of autoreactive
lymphocyte clones in MS patients. In our study,
in patients without active lesions, the number of
Treg significantly increased and the number of
NK lymphocytes was increased relative to patients
with active lesions, which is a good prognostic sign for
patients with MS [3].

TABLE 1. RELATIVE AND ABSOLUTE CONTENT OF MAJOR AND MINOR POPULATIONS OF LYMPHOCYTES IN CHILDREN
WITH MS COMPARED WITH HEALTHY CHILDREN, Me (Q, ,5-Q; +:)

Patien_ts with.out Patie?nts wi?h Comparison group
Parameter active foci active foci n = 46
n =66 n=45

CD3, % 74'g ©52789) 76'§ (ra4-50-9) 72.4 (67.9-75.3)
CD3, cells/uL 130§ 292%11144) 13‘% 213)?(;;;794) 1617 (1237-1850)
CD4, % 39'§ 233:?6‘;8'6) 43'2 fg:gb‘f'g) 38.4 (35.2-44.6)
cD4, cellsiyL 730 (535-645) 804 (516-1064) 857 (717-1016)
cDS, % 26.3 féfiém .0) 25.2 (jg:jéso.s) 26.3 (24.1-31.9)
CD8, cells/uL 502 (=38,76$33) 472 fg%?g’o) 618 (415-804)
B lymphocytes, % 13'§ 98:;27'5) 12'5 (=962.]177'4) 13.5 (12.1-17.5)
B lymphocytes, cells/uL 232 9890_?267) 212 (=1g_76:0391,9) 304 (252-370)
NK, % 11 2 (=869.é12 6.7) 9-:; 266561122-0)* 14.2 (8.3-17.2)
NK, cells/pL 215 98?32;6) 182 98_2;;530’* 263.9 (177-402)
Treg, % from CD4 9'2 gb?;z‘;-g) 3'; 2361.6‘82) 7.7 (7.2-9.4)
Treg, cells/uL from CD4 6$ S‘gfg) 72 (=58_'§§) 67.3 (54-89)
Thact, % from CD4 21 '; 98:8(')207'3) 18'g 213:86204'9) 14.1 (9.9-16.5)
Thact, cells/uL from CD4 142 98% 1126) 152 iggfgfp 117.1 (83-139)
Th17, % from CD4 21 'i 92;36205'7) 28 218:36245'6) 17.1 (14.0-19.4)
Th17, cells/uL from CD4 15:) 98%‘11 88) 16‘7) (=1 8'12'1208) 150.2 (118-172)

Note. *, p < 0.05 between groups of patients with MS.
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In children with MS, an analysis of the number of
cells expressing CD39 and CD73 ectonucleotidase
showed that the content of populations with the
highest and lowest number of CD39* and CD73*
cells in lymphocyte populations is comparable to
that in conditionally healthy children [13]. Thus, the
highest content of CD39* cells was noted in the Treg
population and amounted to Me-34.5 (29.5-44.6) %,
and the smallest number in the Thact population
was Me-3.5 (1.8-5.7) %. The reverse situation was
observed for CD73 expression. The highest expression

of CD73 was in Thact cells -Me-21.9 (16.4-28.9) %,
and the lowest in Treg -Me-13.2 (9.6-20.9) %.

An analysis of the expression of ectonucleotidase
in the populations of Th17, Thact and Treg lym-
phocytes in patients without active foci (n = 42), with
active foci (n = 26) and in the group of apparently
healthy children (n = 34) is shown in Figure 1.

When comparing the expression of ectonucleo-
tidase in groups of patients with MS with a group of
apparently healthy children, a significant increase
in cells expressing CD39 in Treg in patients without

A B
42 2%
40| Por=0014 — 24 py;=0.158 ——
Po.=0.620 21 p,,=0.017
®p,,=0.146 2 p1o=0.121
% _ 16
=y T S 1
g =T
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o Ll o
30 8 .
[ 6 L
28 4
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0 _ 1
24 2
0 1 2 0 1 2
C D
35 45
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307 p,,=0.042 P, =0.00
4| P1270788 Bl . =0459
S 30 o
= =
%" 20 "f 25
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O Mediana [ Q)55-Qy7s
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Figure 1. Relative content of CD39 and CD73 in the populations of Th17 lymphocytes and Treg in patients with MS of the

group of apparently healthy children

Note. 0, group of apparently healthy children; 1, group of MS patients without active lesions; 2, group of MS patients with active lesions.
p, reliability between groups of patients and conditionally healthy children. (A) % of Treg expressing CD39. (B) % of Th17 expressing CD39.

(C) % of Treg expressing CD73. (D) % of Th17 expressing CD73.
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active foci was shown (Figure 1A). The number of
CD39*Th17 lymphocytes was significantly reduced
in patients with MS with active lesions compared
with apparently healthy children (Figure 1B). As for
patients without active lesions, the number of Th17
expressing CD39* was comparable to that ofapparently
healthy children. It is known that the Th17 population
expressing CD39 ectonucleotidase (supThl7) has
suppressor properties [6]. Thus, in children with MS
in the group with active foci, a decrease in the content
of supThl7 was revealed. For Thact, a significant
decrease in the number of cells expressing CD39 was
found in patients of both groups with MS, and in the
group of patients with active foci, this decrease was
more significant (p,, = 0.000, p,, = 0.000). At the
same time, the expression of CD73 in the populations
of Treg (Figure 1C), Thact (p,., = 0.000, p,., = 0.000)
and Th17 (Figure 1D) was significantly higher in both
groups of patients relative to the control group.

The greatest differences in the content of the main
and small populations of lymphocytes in children with
MS relative to conditionally healthy children were
found in patients with active foci of demyelination
according to MRI and consisted in an increase in the
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