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Pesiome. YepermHo-Mo3roBas TpaBMma (UHMT) saBiasieTcst oqHOM U3 HanboJee pacIpOCTPaHEHHBIX MATOJO-
Uil LIEHTPaJbHOW HEPBHOI CUCTEMBI B MUPE, a IPUMEHEHUE METOAOB CTPYKTYPHOI HEMPOBU3yaTU3aLuu —
kommnblotepHoit Tomorpaduu (KT) n maraHutHO-pe3oHaHcHO ToMorpacduu (MPT) — 3auacTtyio He 1TO3BO-
JISIET OLIEHUTH TSXKECTh, MOJIYYEHHOUW MpPU TpaBMeE TOJJOBHOIO MO3Ta. DTO MpeaonpeacasieT He0OX0IUMMOCTh
TMOKCKa HOBBIX METOJIOB MU dEepeHIIMATBHON TMAarHOCTUKU CTEMEHU TSDKECTU UM MPOTHO3UPOBAHUSI pUCKa
nociienctBuii. OMHO U3 TaKUX MEePCIEKTUBHBIX HAMPABICHUN SIBISIETCS U3yYEeHUE UMMYHHOTO cTaTyca, Tak
KaK 4epernHO-MO3roBas TpaBMa XapakKTepU3yeTCsl BBICOKOUW 4YaCTOTON OCJIOXKHEHUIMA.

TToMuMO 3TOro U3BECTHO, UTO TsKeCTh Tpu UMT B 3HAUUTENBHOUW CTENEHU OMpPEeIsieTCs BOBICUCH-
HOCTBI0O UMMYHOKOMIIETEHTHBIX KJIETOK. Peakiimm co CTOPOHBI UMMYHHOW CUCTEMBI, KOTOPBIE Pa3BUBAIOT-
cs TOCJie TPaBMbl MO3ra M, BO3MOXHO, HaIlpaBJIeHbl MPOTUB COOCTBEHHBIX AaHTUTEHOB, B paHHEM MEPUOIE
3a00JIeBaHUS UMEIOT OTHOIIEHUE K MOBPEXICHUIO HEPBHOI TKaHU. OIHAKO, MO MOCJEIHUM UMEIOIIUMCS
JTAaHHBIM, BITIOCJIEACTBUN CHOCOOHBI CTUMYIUPOBATh MPOILECCHl penapalui U pereHepalu B TKaHU TOJI0B-
Horo mMosra. [1pu noBpexXaeHU HEPBHOUW TKaHW B OTBET HAa YHIOTEHHBIE MOJIEKYJIbI, KOTOPbIE 00pa3yloTCs
MpU pa3pylIeHUU KJIETOK U BHEKJIETOUHOTO MaTpUKCa, OyIyT aKTUBUPOBATHCS KJIETKU UMMYHHOI CUCTEMBI.

CoBpeMeHHbIe JaHHbIE YKa3bIBAIOT, YTO T-KII€TKM UMMYHHOU CUCTEMbI UTPAIOT POJIb KaK B GOpMUpOBa-
HUW BTOPUYHBIX MOBPEXACHUM, TAK U B MEXaHU3MaxX BOCCTAaHOBJIeHUsI. OHU CITOCOOHBI 3alllUIATh HEUpPO-
HBI TTOCPEACTBOM MPOAYKIIMU HellpoTpodrieckux (pakTopoB, TaAKUX KaK HelipoTpodudeckuii pakTop Mo3ra
(BDNF), koTOpBIif CTUMYIHUPYET POCT HEUPOHOB U (hopMupoBaHue cuHancoB. C MOMOIIbIO MHOTOLIBETHOTO
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UTO(hITYOMETPUIECKOTO aHaJIM3a ObLJIO TIPOBEIEHO MCCIIeIOBAaHUE T10 OTIPeIe/ICHUIO KOJIMIECTBA OCHOBHBIX
cyononynsauuit imMdoumntoB cpean CD45RA-negative CD3"CD4*-kiteTok. OTHOCUTENBHOE KOJIMUECTBO
Th17 (CXCR5CXCR3-CCR6'CCR4°) u Th17/Th22 (CXCR5CXCR3-CCR6*CCR4"), Th1/Th17 (CXCR5-
CXCR3"CCR67CCR4") cpenu ob6uero konndyectBa CD45RA-negative CD37CD4*-kJIETOK y HALIMEHTOB C
YILIKOOM FOJIOBHOT'O MO3Ta JOCTOBEPHO ITOBBILIEHO B CPABHEHUU CO 3HAYEHUSIMU B KOHTPOJILHOI IpyIIIie B
CBOIO o4epenb, a oTHocuTenabHoe KomuecTBo Thl (CXCRS5 CXCR3*CCR6-CCR4") cpenut o0IIEro Koaude-
ctBa CD45RA-negative CD3"CD4*T-kJIeTOK TOCTOBEPHO CHUXKEHO B CPABHEHUU CO 3HAYECHUSIMU B KOH-
TpoJbHOI rpyrmne. [TonyyeHHbIE K HACTOSIILIEMY BPEMEHM Pe3yJIBTAaThl ITI03BOJISIIOT paccMaTpuBaTh UMMYH-
HbIE OTBETHI CPEIM KJIIOUEBBIX 3BEHbEB MaTOreHe3a ylnmba roJloBHOro Mo3ra. M, BoO3MOXHO, KOMILUIEKCHOE
MMMYHOJIOTUYECKOe 00CIIeJoBaHNE TTOCTPAIaBIINX B MEPBbIE CYTKU TOCJIE TPAaBMBbI TTO3BOJIUT OTPEIETUTh
rmapamMeTpbl, KOTOpbIe IIOMOIYT POrHO3UPOBATh XapaKTeP BO3MOXHbBIX OCJIOKHEHUI Y HALIMEHTOB C YILIM-
OOM Tr'OJIOBHOT'O MO3Ta.

Karouesnle crosa: uepenno-mo3206as mpasma, RPOMOUHAs UWUMOMEMPUsl, YUUO 20108H020 M032d, 60CRANCHUE, KACMOYHOE 36CHO
cucmemvt ummynumema, cyononyasuyuu CD3*CD4" -aumepouumos
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Abstract. Traumatic brain injury (TBI) is one of the most common pathologies of the central nervous system
in the world, and the use of structural neuroimaging methods — computed tomography (CT) and magnetic
resonance imaging (MRI) — often doesn’t allow assessment of the severity of the brain injury that has occurred.
This situation predetermines the need to search for new methods of differential diagnosis of the severity of TBI
and predicting the risk of consequences.

One of these promising areas is the study of the immune status, since traumatic brain injury is characterized
by a high rate of complications.

One of these promising areas is the study of the immune status in patients with TBI in the acute period. It is
now known that in response to brain damage, a response from the immune system is triggered.

The reactions from the immune system, which develop after brain injury and directed against its own
antigens, in the early period of the disease are related to damage to the nervous tissue. However, according to
the latest available data, they are subsequently able to stimulate the processes of repair and regeneration in the
brain tissue. In the course of damage to the nervous tissue, in response to endogenous molecules formed during
the destruction of cells and the extracellular matrix, the cells of the immune system are activated.

Current evidence indicates that T-cells play a role in both the formation of secondary damage and repair
mechanisms. They are able to protect neurons through the production of neurotrophic factors such as brain
neurotrophic factor (BDNF), which stimulates the growth of neurons, the formation of synapses.

Using multicolor cytometric analysis within the framework of this work, a study was carried out to
determine the number of the main subpopulations of CD3*CD4*-lymphocytes. The relative number of Th17
(CXCR5CXCR3-CCR6TCCR4") and Th17/Th22 (CXCR5CXCR3-CCR6'CCR4"), Th1/Th17 (CXCRS5-
CXCR3"CCR67CCR4) among total CD45RA-negative CD3"CD4*-cells population is significantly increased
in comparison with the values in the control group, in turn, the Thl1(CXCR5 CXCR3*CCR6-CCR4")
subpopulations among total CD45RA-negative CD3*CD4*-cells are significantly decreased with the values in
the control group. The results obtained so far make it possible to consider immune responses among the key
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links in the pathogenesis of brain contusion TBI. And, perhaps, a comprehensive immunological examination
of the victims in the first day after the injury will determine the parameters that will help predict the nature of

possible complications in patients with brain contusion.

Keywords: traumatic brain injury (TBI), flow cytometry, contusion, inflammatory, cellular immune status, subpopulations of

CD3*CD4*-lymphocytes

Introduction

Traumatic brain injury (TBI) is one of the leading
causes of morbidity as well as mortality in the world.
With regard to molecular and cellular mechanisms of
TBI in the past 20 years, but immune status doesn’t
know. It is now known that cells of immunity play
an important role in brain function, including the
organization of cognition and neurogenesis [10]. The
basis for this is that there is an interconnection between
the main immune cells in the periphery and the brain,
and this connection is strengthened in response to
the immune response [5]. The data of the conducted
studies indicate that signals from the immune system
from the periphery cause an inflammatory response in
the brain, while it increases with age, which, in turn,
reduces the plasticity processes necessary for cognitive
functions [3]. In this case, the triggering of the immune
response occurs through Toll-like receptors (TLR),
which are expressed on the cells of the macrophage
system located in the circumventricular organs and
the vascular plexus, reacting to circulating pathogen-
associated molecular patterns, which further become
to the formation of pro-inflammatory cytokines, or
the flow of cytokines from the systemic circulation to
the brain through the BBB, it is also possible that an
inflammatory response is triggered through receptors
for interleukin-1 (IL-1) expressed on perivascular
macrophages and endothelial cells of cerebral venu-
les [3, 8, 12].

Materials and methods

Within the framework of this study were explored
52 apparently healthy people aged 18-65 years
without TBI, as well as any pathology that could
lead to a change in the immunological status, and
22 patients with a diagnosis of brain contusion. Of
these, 25 are men and 27 are women aged 20 to 46
years. All examination was conducted on the day
of the patient’s appointment. The examination
included the collection of complaints, medical his-
tory, assessment of somatic and neurological status,
neuropsychological testing. The number of subpo-
pulations Th in percentage within CD45RA-negative
CD3*CD4"-lymphocytes are demonstrated in quartile
and medians ranges — Me (Q,,5-Q,+s), which were
evaluated using multicolored cytometric analysis. The
object of the study was venous blood from apparently
healthy donors, obtained by puncture of a peripheral

vein and collected in test tubes. Definition the severity
of TBI was avowed in accordance with the establi-
shed criteria. Moreover, the presence of concomitant
severe damage to other organs and somatic patho-
logy, as well as concomitant intoxication, are an
exclusion criterion for recruitment into the group.
Immunophenotyping of the main subpopulations of
T-helpers of peripheral blood was leaded on the day
of blood sampling. Preparation of peripheral blood
and setting up the flow cytometer in accordance with
the recommendations outlined by S.V. Khaidukov et
al. [7].

To identify the main subpopulations of T-helpers,
200 ul of whole EDTA-stabilized peripheral blood
was stained for surface antigens using the following
combination of monoclonal antibodies conjugated
to fluorochromes. Antibodies against CD3 (clone
UCHTI1) and CD4 (clone 13B8.2) were used to
identify T-helpers — phenotype CD3*CD4*T-cells in
peripheral blood. To separate the total pool of Th-cells
at the main stages of maturation, antibodies against
surface CD45RA (clone 2H4LDHI11LDB9 (2H4))
and CD62L (clone DREG56) were used.

We used antibodies against CD3, CD4, CD45RA,
and CD62L conjugated with APC-Alexa Fluor 750,
Pacific Blue, FITC, and PE, respectively (Beckman
Coulter, USA), and antibodies against CCR4, CCR6,
CXCR3, and CXCR5 were conjugated with Brilliant
Violet 510™, PE/Cy7, APC and PerCP/Cy5.5,
respectively (Biolegend, USA). The destruction of
erythrocytes was carried out using a VersalLyse lysis
solution (Beckman Coulter, USA) — to 975 ul ex
tempore was added 25 pl of IOTest 3 Fixative Solution
(Beckman Coulter, USA), which was incubated at
room temperature in a dark site for 15 minutes. After
the destruction of erythrocytes, the samples were
washed once with sterile saline (330 g for 7 minutes),
after which the resulting cell pellet was resuspended
in physiological solution with pH 7.2-7.4 containing
2% paraformaldehyde (Sigma-Aldrich, USA). For
each of the samples, at least 40,000 CD3*CD4"-
lymphocytes were analyzed. Coexpression of the
chemokine receptors CCR4, CCR6, CXCR3, and
CXCRS5 was assessed using the “gating” tactic based
on the construction of hierarchical dendrograms for
CD45RA-negative Th memory [9]. The statistical
comparisons of data between TBI patients and healthy
controls were performed using the Mann—Whitney
U-test. Differences were considered significant when
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Figure 1. Comparative analysis of main subpopulation Th in brain contusion (n = 35, white circus) u healthy control (n = 52,

white square)

Note. Dispersion charts A, B, C, D and E showing the percentages Th1 (CXCR5CXCR3* CCR6:CCR4), Th1/Th17 (CXCR5CXCR3*CCR6*CCR4),
Th2 (CXCR5CXCR3-CCR6'CCR4*), Th17 (CXCR5CXCR3vCCR6*CCR4*) and Th17/Th22 (CXCR5CXCR3CCR6*CCR4*), accordingly in the
peripheral blood of patients in brain contusion and healthy control group. The number indicates the percentage of the specified Th subpopulations
amid general CD45RA-negative CD3*CD4* cell population. Each dot represents either patient, and the horizontal bars show medians and quartile

ranges — Me (Qq Qg 75)-

p values were p < 0.05. All of the statistical analysis
of data was carried out with GraphPad Prizm 6
(GraphPad Software, USA).

Results and discussion

In the analysis of the CD45RA-negative popu-
lation of CD3*CD4*-cells in patients with brain
contusion immediately after admission compared with
a control group based on the expression of chemokine
receptors (CXCRS5, CXCR3, CCR6, CCR4). This
allowed us to define the phenotype of Thl/Thl7
(CXCR5 CXCR3"CCR6*CCR4") and Th17 (CXCR5"
CXCR3-CCR67CCR4°), Th1l (CXCR5CXCR3*CCR6
CCR4) and Th2 (CXCR5CXCR3-CCR6'CCR4"),
Th17/Th22 (CXCR5 CXCR3-CCR6"CCR4%)-cells.
The results demonstrate in Figure 1. The clinical
significance of T-helpers (Th) with the CD3*CD4*
phenotype is shown in a very wide range of diseases,
when their content can be a significant marker for
determining the severity of pathological conditions

and assessing the effectiveness of the therapy used.
Changes in the subpopulation composition of Th
among CD3"CD4"-cells in patients with brain con-
tusion were identified, which makes it possible to
raise the question of the need to determine these cells
subpopulations in clinical practice.

The comparison of these different Th subsets
between patients and control group indicated
significantly lower Thl (p < 0.05) and significantly
higher Th17 (p <0.0001), Th1/Th17 (p <0.05), Th17/
Th22 (p < 0.001) with patients of brain contusion
if compared with healthy controls. Also, we didn’t
observe significant changes in the number of Th2-cells
with patients of MS-TBI if compared with healthy
controls.

Among the cells of adaptive immunity, T-helpers
play a leading role in the development of inflammation
in response to traumatic brain injury. The revealed
changes in the CD45RA-negative CD3*CD4"-cell
population in patients with TBI allowed to raise the

828



2021, T. 23, No 4
2021, Vol. 23, No 4

Kaemounuwiii ummynumeme u eco poab npu yuiube 20108H020 M032d

Role of cellular immunity in brain contusion

question of the significance of determining these
cells subpopulations, which may be a predictor of
the course of TBI in the acute period. T-cells play
a leading role in the neuroplasticity of the brain.
It was shown for the first time that in patients with
TBI in the peripheral blood against the background
of a decrease in Thl (CXCR5 CXCR3"CCR6-
CCR4), there is an increase in the relative amount
of Thl7 (CXCR5CXCR3-CCR6'CCR4°), Thl/
Th17 (CXCR5 CXCR3"CCR6"CCR4"), Th17/Th22
(CXCR5 CXCR3-CCR6'CCR4"). It is known that
type Thl play a role in learning and memory processes
by limiting the activation of meningeal myeloid cells
and promoting the expression of neutrophic factor [6].
As for T-helper 17 (Th17) — are capable of secreting
a broad span of cytokines such as interleukin-17A
(IL-17A), IL-21, IL-22, 1L-25, 1L-26, TNFa and
chemokines. It should be noted that it is under the
influence of IL-17 and IL-22, the receptors for which
are present on the endothelial cells that make up the
blood-brain barrier, that the structure of tight junctions
isdisrupted. In addition, most of the cytokinessecreted
by Th17 have pro-inflammatory activity. Their role in
the pathogenesis of various autoimmune diseases has
been noted. Given that myelination of nerve fibers
plays an important role in ensuring motor activity
and neuroplasticity, damage to myelin can negatively
affect recovery after TBI, causing the development
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