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Pesome. MuaTpastmrenunanpHbie TuMdonutel (IEL) urpatoT BaskHYIO poyib B OAACPKAaHUN UMMYHHOTO
roMeocTtasa u odbecrneyrBaloT NEPBYIO JIUMHUIO 3aLIUThI CIM3UCTHIX 000104YeK KeJTyT0UHO-KHUIIIEYHOIO TpaKTa
OT aHTUTEHOB, a TaKxKe OBICTPO pearnupyloT Ha moBpexxaeHue anurteans. B mocinennee Bpems IEL paccmaTpu-
BalOTCS B KAUECTBE KITIOUEBBIX MEINATOPOB a0eppPaHTHOTO MMMYHHOTO OTBETa, XapaKTepPU3YIOIIEToCs CTOM -
KOIf UMMYHHOU aKTUBAIUE, BOCITAJICHEM 1 HapylIeHneM 0apbepHOI (OYHKIINH CIU3UCTHIX 000JI0UYEK, YTO
HaOmogaeTcs npu 6osie3Hu Kpona. B jaHHOM ucciienoBaHUU BIiepBble MPUBOAUTCS CpaBHUTEIbHAS XapaK-
TepUCTUKa cyornonyasiimoHHoro coctaBa IEL ToscToli KMIIKKY y MAalIMEHTOB ¢ 00Jie3Hbo KpoHa 1 310pOBbIX
JIOHOPOB IIJIST IOCJISAYIONIETO OIIpeIeACHUS NX ITOTCHIIMAILHOM pOJIM B IATOTeHe3¢e 3a00JIeBaHMSI.

MarepuanoM rccaeqoBaHUS SIBIJIACH TKAHB TOJICTOM KUIIKHU U TTIepudeprdeckast KpoBb 10 manimeHToB ¢
60se3Hb10 KpoHa 1 6 31opoBbix 1oHOpoB. I EL BbIIeIsIM 13 TKAHU METOIOM KJIETOYHOM JUCCOLIMALINN;; LI~
Kynupyrolne JUM@OINUTHI TTOJTyJaIn U3 TTepudeprnIecKoil BEHO3HO KPOBH ITyTeM HEeHTPpU(MYTUPOBaHUS Ha
rpagreHTe TIOTHOCTH. PeHOTUIT TMMMOUIHBIX KJIETOK OLICHUBAJIM C UCITOJIb30BaHUEM MOHOKIIOHAJBHBIX
AHTHUTEJ 1 METOJa IPOTOYHOU IIMTOMETPHU.

boabmmncTBo IEL ToscTOM KMk uaeHTuduimponagoch Kak CD3*T-n1uM@ouuThI, OAHAKO CTATUCTU-
YeCKM 3HAYMMBIC pa3IMIMs B UX KOJIMIECTBE OTCYTCTBOBAJIM B UCCIIEAyeMBIX rpynmnax. [Ipm 3ToM ycTaHOB-
JICHBI U3MEHEHMsI CYOITOITY/ISIIIMOHHOTO cocTaBa T-KJIETOK: y MallMeHTOB ¢ 00JIe3HbI0 KpoHa COOTHOIIICHNE
CD3*CD4*IEL u CD3*CDS8*IEL coctaBuio 1:1 u KoppeaupoBajo ¢ IpoueHTOM T-I1uM@OLUTOB B Mepu-
depuueckoit kposu (R = 0,7; p < 0,05), B To BpeMs1 KaK B JOHOPCKOI TKaHU BBISIBISIOCH OXHIaeMOe Mpe-
obnaganue CD3*CD8*T-kwmmiepoB (cooTHomenue nocturano 1:2, p < 0,05). Hapsiny ¢ aTuM moBblillIeHUE
Heksaccuyeckux ySIEL (mpeumyiiectBeHHO 3a cueT Vo1 T-kietok) u CD1617T-kjIeTok B cOYeTaHUU CO
cHmkeHueM TNK-kJieTok Habmomanock Kak B TojicToit kuuke (p < 0,01), Tak u B nepudepudeckoit Kpo-
BU (p < 0,05) manreHTOB ¢ 00sie3HbI0O KpoHa OTHOCUTENILHO KOHTPOJBHOM IpyIiIibl. [Tpr 3TOM KOJIUYECTBO
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ySIEL koppenupopaio ¢ jokanusanuei (R = -0,6; p < 0,05) u reuenuem 3abonesanus (R = 0,7; p < 0,01)
corjacHo MoHpeanbcKoi KiaccuduKalu.

Y nanueHToB ¢ 60sie3HbI0 KpoHa BbIsIBIeHBI U3MeHeHUs cocTaBa [EL TONCTOI KUIIKU, KOTOPbIE XapaK-
TepU3YyIOT BOBJIeueHUE cyonomyasauuii T-xenmnepos, yOT-TUMGOUUTOB U MYKO3aJIbHO-aCCOLIMUPOBAHHBIX
CDI161*T-KkJIeTOK B ITaTOreHe3 ayTOMMMYHHOTO BOCITAJIEHUsI, YTO TPeOyeT TabHEHIIIero UCCAeTOBAHUST TSI
YCTAHOBJIEHUSI UX MATOT€HETUYECKOM POJIHU.

Knrouesuie crosa: UHmMpasnumeauaibHole /llle¢0[4lebl, npomMo4Has yumomempus, 601€3Hb KpOHa, moiacmas Kuuwka,
aymoummyHHoe eocnanenue, MyICO\?a/lebll/VI UmMmyHumem

PHENOTYPE CHARACTERISTIC OF COLONIC
INTRAEPITHELIAL LYMPHOCYTES IN PATIENTS WITH
CROHN’S DISEASE

Nizheharodava D.B.»", Shuleika A.Ch.?, Starastsin A.M.?, Vanslau M.L?,

Ivanchyk G.I.% Vialichka A.V.»* Zafranskaya M.M.>"?

@ Belarusian Medical Academy of Postgraduate Education, Minsk, Republic of Belarus
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Abstract. Intraepithelial lymphocytes (IEL) play a critical role in maintaining the immune balance of the
gut and provide the first line of mucosal defense against luminal antigens as well as rapidly respond to epithelial
injury. Recently, IEL have received a lot of attention as key mediators of aberrant immune response resulted
in persistent immune activation, inflammation and altered intestinal barrier function, seen in Crohn’s disease
(CD). This study describes for the first time subsets of colonic IEL in CD patients as compared to healthy
controls aimed at characterization of altered IEL contribution to the pathogenesis of Crohn’s disease.

The peripheral venous blood and colon tissues were obtained from 10 CD patients and 6 donors. IEL were
isolated from the mucosa by incubation the tissue in a predigesting solution. Lymphoid cells phenotype was
investigated using monoclonal antibodies and flow cytometry.

The majority of colonic IEL was identified as CD3*T lymphocytes and no significant differences were found
in their numbers in investigated groups. However, changes in T cell subsets composition have been shown: the
ratio of CD3*CD4*IEL and CD3*CDS8*IEL was 1:1 in colon of CD patients and correlated with T cells in
peripheral blood (R = 0.7; p < 0.05) while donor tissues were characterized by expected CD3*CDS8*T Kkillers
prevalence and the ratio reached 1:2 (p < 0.05). The increase of unconventional yoIEL (mainly due to
V81T cells) and CD161*T cells in association with TNK cells decrease were revealed in colon (p < 0.01) as
well as in peripheral blood (p < 0.05) of CD patients as compared to donors. Moreover, the number of colonic
yvSIEL was correlated with disease location (R = -0.6; p < 0.05), and disease behavior (R = 0.7; p < 0.01)
according to Montreal classification.

The observed data indicates changes in colonic IEL composition in CD patients that may provide valuable
insight into the contribution of T helpers, y8T cells and mucosa-associated CD161*T cells in autoimmune
intestinal inflammation but need further possible mechanisms discussion.

Keywords: intraepithelial lymphocytes, flow cytometry, Crohn’s disease, colon, autoimmune inflammation, mucosal immunity

received a lot of attention as key mediators of
aberrant immune response seen in Crohn’s disease
(CD), a chronic autoimmune inflammatory bowel
disease characterized by multifactorial aetiology and
an uncontrolled adaptive immune reaction against

Introduction

The mucosal immune system is the largest
(about 400 m?) autonomous immune structure,
which has evolved as the first line of a body defense
and represented by organized compartments and

isolated lymphoid cells, classifying into intraepithelial
lymphoid cells (IEL) and lamina propria lymphoid
cells [8]. As 80% of the mucosal immunocompetent
tissue is localized in the gut, intestinal IEL have

intestinal microbiota [5]. Experimental data suggest
that an imbalance between regulatory and cytolytic
effector mechanisms results in a dysregulation of
mucosal immunity, persistent immune activation, a
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generation of a pro-inflammatory microenvironment,
altered intestinal barrier function or even promotion
of cancer development in CD patients [14].

On the one side, the location of IEL between
epithelial cells, their effector memory and in-
flammatory phenotype as well as ability to destroy
infected epithelial cells place them to protect the
intestine from pathogens. On the other side, IEL-
mediated epithelial cytolysis leads to ulceration,
allowing bacterial invasion, and enhanced T cell
activation in combination with regulatory cell
reduction. Moreover, the interaction with non-
immune epithelial cells and fibroblasts initiates tissue
reorganization, including epithelial proliferation and
fibrosis in gastrointestinal tract [3, 11].

As TEL immunobiology goes beyond the scope
of classical immunology, limited data were reported
about a role of IEL subsets in CD pathogenesis.
It has not yet been clarified in what manner IEL
subpopulations are changed during the initiation and
development of adaptive antigen-specific autoimmune
response and what are distinctive features of 1EL
distribution in CD patients. This article will focus
on colonic IEL exhibiting properties of innate and
adaptive immunity and describe for the first time IEL
subsets in CD patients as compared to donors aimed
at characterization of altered IEL contribution to
immune dysregulation in intestinal mucosae.

Materials and methods

The peripheral venous blood samples and colon
tissues were obtained from 10 CD patients, aged 28.0
(22.7-36.8) years, of which 6 men and 4 women,
during electively scheduled surgical resections in
Minsk Regional Clinical Hospital (Republic of
Belarus). The “Crohn’s disease” diagnosis was
confirmed by histopathological examination of
the resected specimen. Patients had the following
disease location: terminal ileum (n = 4), colon
(n = 3), ileocolon (n = 3). Of these, 3 patients had
an inflammatory disease behavior, 4 patients —
stricturing and 3 patients — a penetrating/fistulous
phenotype; 2 patients were also diagnosed perianal
disease. None of the patients was taking steroids or
other immunosuppressive drugs at the time of the
operation. Control specimens were obtained from
age- and sex-matched 6 donors undergoing surgery
for large intestine. Written informed consent was
provided by all individuals.

Tissues were processed within 2 h after resection.
After removal of the muscular layer mucosal tissue
was cut into pieces of 0.5 cm?. IEL were isolated from
the mucosa by shaking the tissue in a predigestion
solution (Hank’s balanced salt solution without Ca?*
and Mg?* containing 10 mM HEPES, 5 mM EDTA,
5% fetal bovine serum, 1 mM dithioerythritol (Gibco,
Germany)) for 20 min at 37 °C under continuous

rotation followed sample application onto cell strai-
ner (100 um). Cell suspension containing [EL was
centrifuged at 300 g for 10 min and resuspended to the
required volume for immunophenotyping.

Peripheral blood lymphocytes (PBL) were
isolated from heparinized venous blood samples by
Histopaque-1077 (Sigma, Germany) density gradient
centrifugation. Cells viability was determined by
trypan blue exclusion.

The lymphoid cells subsets of IEL and PBL were
determined using monoclonal antibody panels:
CD45-FITC/CD4-RD1/CD8-ECD/CD3-PC5,
CD45-FITC/CD56-RD1/CD19-ECD/CD3-PC5/
CD5-PC7, ydTCR-FITC/aTCR-PE/V31TCR-PC7/
CD3-AF750/V32TCR-PB/CD45-KrO, CD127-FITC/
Lin-PE/CD3-APC/CD161-PB/CD45-BrV
(Beckman Coulter, USA). Monoclonal antibody rea-
gents were added according to the manufacturer’s
instructions to 100 pL of cell suspension, and reaction
mixtures were incubated at 20-25 °C for 15 min in the
dark. Results were analyzed on 20000 lymphocytes
using a 10-channel flow cytometer Cytoflex (Beckman
Coulter, USA).

Statistical data processing was performed using
Statistica 8.0. The median (Me), 25" and 75" per-
centiles were used as descriptive statistics of the
studied groups. Significant differences between inve-
stigated groups were determined by nonparametric
criteria Mann—Whitney U-test; p-values < 0.05 and
p < 0.01 were considered as statistically significant.
The correlation was estimated using Spearman’s rank
coefficient (R).

Results and discussion

The comparative analyses of IEL and PBL
numbers, cell viability and phenotype were done in
investigated groups. After isolation IEL viability was
not less than 86% in CD patients and not differed
from one’s in donor’s tissue. But IEL yield per 1 g of
tissue was significantly higher in colon of CD patients
as compared to control group: 30.1 (27.9 + 39.0) x 10°
versus 19.4 (15.6 + 24.7) x 10°, respectively, indicating
the activity of the autoimmune inflammation. An
increase of colonic IEL may disrupt the balance
between immune tolerance and immune response to
self-antigens, including microbiota, which can result
in damage of the intestinal epithelium. At the same
time there were no significant differences in PBL total
numbers in investigated groups.

As lymphoid cells are a highly heterogeneous po-
pulation the following subsets have been investigated
in colon and peripheral blood: NK cells, TNK cells,
voT cells (VB1'T, Vo2*T and V33*T subpopulations),
mucosa-associated innate lymphoid Lin"CD161* cells
and B, cells were identified as innate immunity cells
while T helpers, T Kkillers and B, cells — as the main
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TABLE 1. CHARACTERISTIC OF LYMPHOID CELLS IN COLON AND PERIPHERAL BLOOD OF CD PATIENTS AND CONTROL

GROUP, Me (Qq,5+Qy75) %o

) IEL PBL
Lyr::::;md CD patients Control group CD patients Control group p-value
1 2 3 4

CD3*T cells, 74.7 70.4 75.2 72.1 N s

% (65.1 + 80.1) (50.2 = 78.1) (66.3 +78.3) (67.9 = 70.3) T

CD3*CD4* 47.9 30.8 63.2 60.2 N s

T helpers, % (17.9 + 54.7) (25.2 + 36.6) (59.8 + 65.6) (57.6 + 62.7) T

CD3*CD8* 471 66.9 334 33.3 <0.01

T killers, % (36.3 +51.1) (63.9 +70.5) (25.5 + 33.7) (27.3 + 39.3) P12 =0
24.0 13.5 8.5 3.1 P, < 0.01

+ 0, 1-2

1BTCR T cells, % | 173 356) (9.9 + 16.4) 2.5+ 10.6) (2.1 +5.5) Dy, < 0.05

CD19'B cells, 211 12.6 12.8 13.1 n s

% (14.9 + 26.3) (7.9 +17.3) (11.8 +14.7) (10.8 + 15.3) o

CD19*CD5* 5.6 111 16.8 20.8 N s

B, cells, % (3.7 +10.0) (10.0 +12.2) (14.9+19.7) (17.1 = 24.5) T

CD56* 14.1 27.3 14.3 10.1 N s

NK cells, % (11.8 + 19.8) (18.4 = 35.7) (12.8 +17.9) (7.2 +13.1) o

CD3*CD56* 13.7 26.6 0.2 5.8 <0.01

TNK cells, % (3.8 +19.3) (24.9 + 33.3) (0.1 +0.3) (7.2 +13.1) P12 =0

CD161" cells, 241 5.4 19.7 9.6 P < 0.01

% (20.7 + 34.7) (2.6 + 15.0) (16.3 + 23.1) (5.8 +13.5) ps4 <0.05

Note. Me (Qq,s+Q, +5), median, 25" and 75" percentiles; IEL, intraepithelial ymphocytes; PBL, peripheral blood lymphocytes;
n, patients’ number in a group; p-value, statistically significant test result; n. s., not significant; CD, cluster of differentiation; TCR,
T cell receptor; NK cells, natural killer cells; TNK cells, natural killer T cells.

population of acquired immunity cells. The results of
lymphoid cells phenotype are presented in Table 1.

The majority of colonic IEL was determined as
CD3*T lymphocytes and no significant differences
were found in their numbers in investigated groups.
However, changes in T cell subsets composition
have been shown: the ratio of CD3*CD4*1EL and
CD3*CDS8*IEL was 1:1 in colon of CD patients and
correlated with T cells in peripheral blood (R = 0.7;
p < 0.05) while donor tissues were characterized by
expected CD3*CDS8*T killers prevalence and the ratio
reached 1:2 (p < 0.01).

Currently the generally accepted approach to the
immune status assessment is the characterization
of lymphoid cells in the peripheral blood. However,
the investigation of local mucosal gut immunity
under immunopathological conditions remain highly
relevant as well as its following comparison with
circulating lymphoid cells for the identification the
relationship between local reactions and systemic
effects.

The obtained results are consistent Huetal. (2017),
indicating the absolute majority of CD3*T lympho-
cytes among IEL and a decrease in their percentage
in lamina propria, but at the same time demonstrating
the active involvement of T lymphocytes of both
compartments in inflammatory bowel diseases
pathogenesis [5]. IEL localization contributes to

their rapid response to antigenic structures, including
microbiota components that come into contact with
the gut epithelium. Mucosal T lymphocytes have a
predominantly effector phenotype, exhibit various
cytotoxic activities, including alloreactive and virus-
specific, provide assistance to B cells, play a role in
maintaining tolerance, and regulate the function of
epithelial cells, thereby fulfilling the role of immune
surveillance or the first line of defense. However, the
presence of autoreactive T cells clones in CD patients
leads to the fact that instead of the first line of defense,
epithelial damage occurs as a result of an imbalance
between immunological tolerance and effector
immune response [12].

In healthy gut tissues o T lymphocytes are
mainly represented by cytotoxic CD3*CDS8*T cells,
which play an important protective role in the
detection and elimination of damaged epithelial
cells and anti-infective protection. While in CD
patients there is an infiltration of the epithelial layer
by CD3*CD4*T helpers what was also confirmed in
this study as T helpers were mainly determined in
the colon of CD patients (Table 1). This presumably
is associated with chronic antigenic stimulation by
opportunistic bacteria in the gut and indicates an
autoimmune inflammatory response. Autoimmune
inflammation in CD patients is mainly associated
with increased activation and aberrant proliferation of
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A CD patients

IEL ‘

Vo2
9%

PBL

B Donors

Vb2
20%

V82
81%

Figure 1. y8T cells subsets (%) in colon and peripheral blood of CD patients and control group
Note. (A) ySIEL subsets in colon of CD patients. (B) y3IEL subsets in colon of control group. (C) yT cells subsets in peripheral blood of CD

patients. (D) y3T cells subsets in peripheral blood of control group.

T helpertypes 1 and 17, the effector reactions of which
are mediated by the production of pro-inflammatory
cytokines (IL-12, IL-23, IFNy and IL-17). T helpers
are the main mediators of cellular immunity and play
a key role in the activation of other immune cells
such as B cells and cytotoxic T cells by modulating an
antigen-specific immune response [6].

However, a growing number of evidence points to
the role of cytotoxicity mechanisms in intestinal tissue
injury: T killers realize their effector reactions through
the appearance of such highly active biomolecules
as perforin, granzymes, granulisin, Fas-ligand and
tumor necrosis factor o.. Moreover, pro-inflammatory
cytokines released by T killers may be involved in
disrupting the epithelial barrier by inducing epithelial
cell apoptosis and increasing intestinal permeability.
High levels of cytotoxicity support the existing concept
that CD affects the entire gastrointestinal tract [1].

The investigation of T cells subsets based on
the type of T cell receptors (afTCR or ydTCR)
expression revealed a statistically significant increase
in the number of y3T cells in colon (p < 0.01) as well
as in peripheral blood (p < 0.05) of CD patients as
compared to donors (Table 1). Moreover, the number
of colonic ySIEL was correlated with disease location
(R =-0.6; p < 0.05), and disease behavior (R = 0.7;
p < 0.01) according to Montreal classification what
confirmed the involvement of unconventional y8T lym-
phocytes in CD immunopathogenesis.

Due to the high heterogeneity of ydT cells, a
detailed subsets analysis of circulating and resident
unconventional T cells was carried out. As seen in
Figure 1, V31*'T cells subset was prevailed (> 60%)
among colonic y3IEL (Figure 1A) and significantly
elevated in peripheral blood among CD patients
(Figure 1C) in combination with decreased
V&2*T cells numbers as compared to control group
(Figure 1B and D, p < 0.05).

Unlike afT lymphocytes, y6T cells combine
cells’ properties of innate and acquired immunity:
their receptor apparatus is partially similar to that of
antigen-presenting cells and NK cells in expression
of pattern recognition and killer/inhibitor receptors,
however, this population is able to recognize antigenic
structures via a specific T cell receptor, similarly to
classical T lymphocytes [2]. An established persistent
increase in ydT lymphocytes rate in colon and
peripheral blood of CD patients is consistent with
Regner et al. [12] characterizing the non-thymic
origin of some lymphoid cells of the gut mucosa,
at times reaching up to 50% of intestinal lymphoid
cells. Experimental studies are rather contradictory
in confirming the involvement of ydT lymphocytes
in CD pathogenesis which is partly due to the high
heterogeneity of this population, and therefore their
clinical significance has not been fully elucidated [10].

Taking into consideration the predominantly cy-
totoxic V81T cells profile, y8T cells can be assumed
as one of the potential mechanisms of mucosal barrier
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damage and gut inflammation contributing to the
chronicity and systemic reactions to antigens of the
gastrointestinal microbiota. Most authors support the
hypothesis of aberrant activation of ydT lymphocytes
due to inflammatory microenvironment formed by
changes in affT cells subsets in the intestinal mucosa,
as well as microbial stimulation what resulted in their
active homing through the intestinal epithelium via
an occludin-dependent mechanism and involvement
in disease progression by realizing their cytotoxic
effector reactions. In addition, excessive epithelial
regeneration mediated by y3T cells may contributes
to the formation of pseudopodia, atypical serrated
surface, and the development of serious disease
complications, such as colorectal cancer [9].

Besides ydT cells, CD patients also display a
significantly higher percentage of mucosa-associated
innate lymphoid CD161* cells in colon and peripheral
blood than healthy individuals (Table 1). CD161 is a
C-type lectin-like type-II transmembrane protein
that is expressed on the majority of natural killer (NK)
cells, innate T cells (mucosal-associated invariant
T cells, invariant natural killer T cells, y3T cells),
some adult peripheral blood afT cells as well as on
innate lymphoid cells, restricting to those cells with a
secretion of interleukin-17, and therefore to type 17
phenotype [7]. The reasons behind the preferential
accumulation of CD161* cells in the intestine are
not completely understood. Apart from the presence
of CD161" cells in the gut, a number of studies
demonstrated that CD161 was preferentially expressed
on circulating T cells that exhibited gut-homing
properties like expression of chemokine receptor 9
or integrin a4p7. In fact, CD161 was proposed to be
involved in lymphocyte transendothelial migration
and thereby could facilitate trafficking of CD161-
expressing T cells to the intestine [4].

The interesting revealed fact was the decrease of
circulating and colonic TNK cells reflecting a possible
reduction of immunoregulatory mechanisms as this
population has a critical role in peripheral tolerance.
TNK cells represent a minor subset of T lymphocytes
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Conclusion

In colonic IEL composition the changes in major
(T helpers) and minor (ydT cells, TNK cells and
mucosa-associated CD161* cells) populations of
intraepithelial T lymphocytes have been revealed in
CD patients, while B lymphocytes and NK cells may
be not so pathogenetically significant and further
research is required to establish their role in disease
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intestinal environment is tolerant to most foreign
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inflammatory reactions. The established correlation
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their circulation in the peripheral blood what can be
used as diagnostically significant markers of disease
progression and opens up new possibilities for the use
of mucosal lymphoid cells in targeted therapy and
preventive medicine.

1. Casalegno G.R., Ddbritz J. New insights on CD8* T cells in inflammatory bowel disease and therapeutic
approaches. Front. Immunol., 2021, Vol. 12, 738762. doi: 10.3389/fimmu.2021.738762.

2. Catalan-Serra I, Sandvik A., Bruland T. Gamma delta T-Cells in Crohn’s disease: a new player in the disease
pathogenesis? J. Crohns Colitis, 2017, Vol. 11, no. 9, pp. 1135-1145.

3. Cheroutre H., Lambolez E, Mucida D. The light and dark sides of intestinal intraepithelial lymphocytes.

Nat. Rev. Immunol., 2012, Vol. 11, no. 7, pp. 445-456.

4. Fergusson J.R., Fleming V.M., Klenerman P. CD161-expressing human T cells. Front. Immunol., 2011, Vol. 2,

36. doi: 10.3389/fimmu.2011.00036.

5.  Hu M.D,, Edelblum K.L. Sentinels at the frontline: the role of intraepithelial lymphocytes in inflammatory
bowel disease. Curr. Pharmacol. Rep., 2017, Vol. 3, no. 6, pp. 321-334.

6. Imam T, Park S., Kaplan M.H., Olson M.R. Effector T helper cell subsets in inflammatory bowel diseases.
Front. Immunol., 2018, Vol. 1, no. 9, 1212. doi: 10.3389/fimmu.2018.01212.

1108



2023, T. 25, Ne 5
2023, Vol. 25, No 5

Humpasnumenuanvhvie aumgoyumeot
Intraepithelial lymphocytes

7. Kleinschek M.A., Boniface K., Sadekova S., Grein J., Murphy E.E., Turner S.P, Raskin L., Desai B,
Faubion W.A., de Waal Malefyt R., Pierce R.H., McClanahan T., Kastelein R.A. Circulating and gut-resident human
Th17 cells express CD161 and promote intestinal inflammation. J. Exp. Med., 2009, Vol. 206, no. 3, pp. 525-534.

8. Mayassi T., Jabri B. Human intraepithelial lymphocytes. Mucosal Immunol., 2018, Vol. 11, no. 5,
pp. 1281-1289.

9. Mc Carthy N.E., Eberl M. Human yd T-Cell control of mucosal immunity and inflammation. Front.
Immunol., 2018, Vol. 9, 985. doi: 10.3389/fimmu.2018.00985.

10. Nizheharodava D.B., Tsekhanovich D.A.,, Starostin A.M., Dybov O.G., Zafranskaya M.M. Subpopulations of
circulating yd-lymphocytes in patients with inflammatory bowel diseases. Journal of the Belarusian State University,
Ecology. 2022, Vol. 4, pp. 79-88. (In Russ.)

11. Nissler N.C., Stange B., Hoffman R.A., Schraut WH., Bauer A.]., Neuhaus P. Enhanced cytolytic activity
of intestinal intraepithelial lymphocytes in patients with Crohn’s disease. Langenbeck’s Arch. Surg., 2000, Vol. 385,
pp. 218-224.

12. Regner E.H., Ohri N, Stahly A., Gerich M.E., Fennimore B.P, Ir D., Jubair WK., Gorg C., Siebert J.,
Robertson C.E., Caplan L., Frank D.N., Kuhn K.A. Functional intraepithelial lymphocyte changes in inflammatory
bowel disease and spondyloarthritis have disease specific correlations with intestinal microbiota. Arthritis Res. Ther.,
2018, Vol. 20, 149. doi: 10.1186/s13075-018-1639-3.

13. van Dieren J.M., van der Woude C.J., Kuipers E.J., Escher J.C., Samsom J.N., Blumberg R.S., Nieuwenhuis E.S.
Roles of CD1d-Restricted NKT cells in the intestine. Inflamm. Bowel Dis., 2007, Vol. 13, pp. 1146-1152.

14. van Kaer L., Olivares-Villagémez D. Intestinal intraepithelial lymphocytes development, homeostasis, and

functions. J. Immunol. 2018, Vol. 200, pp. 2235-2244.

ABTOpBI:

Huorceeopooosa J[.b. — k.0.H., douenm, eedyuiuii Hay4Hblil
compyOHUK omoena UMMYHOA02UU U OUOMEOUYUHCKUX
MexXHOA02Ull HAYUHO-UCCA008AMENbCKOLL Aabopamopul,
benopycckas meduyunckas akademusi NOCAOUNAOMHO20
00pa3osanusi; doyeHm Kageopvl UMMYHOA02UU,
Mexncoynapoonwiii eocydapcmeeHublil IK0A02UHEeCKULL
uncmumym umenu A.Jl. Caxaposa beaopycckoeo
eocydapcmeeHnnoeo yHusepcumema, e. Munck, Pecnybauka
benapyco

Iyaeiiko A. 9. — 0.m.H., doyenm, 3asedyrouuil Kagedpoii
xupypeuu, beaopycckas meduyurckas akademus
nocaedunnomHo2o oopazoeanus, e. Muwuck, Pecnybauxka
beaapyco

Cmapocmun A.M. — cmapwuii npenodaéamens Kageopot
xupypeuu, bearopycckas meduyunckas akademus
nocaedunnomHoeo oopazoeanus, e. Muwnck, Pecnybauxa
benapyco

Bancaae M. H. — maadwuii nayunwlii compyonuk omoena
UMMYHON02UU U OUOMEOUYUHCKUX MEXHOA02UI HAYHHO-
uccnedosamenvckoii aabopamopuu, bearopycckas
MeOUUUHCKAs aKkademus nocae0uniomHo20 00pa3oeanus,
2. Munck, Pecnybauxa beaapyco

Authors:

Nizheharodava D.B., PhD (Biology), Associate Professor,
Leading Research Associate, Immunology and Biomedical
Technologies Department of Central Research Laboratory,
Belarusian Medical Academy of Postgraduate Education;
Associate Professor, Inmunology Department, International
Sakharov Environmental Institute of Belarusian State
University, Minsk, Republic of Belarus

Shuleika A.Ch., PhD, MD (Medicine), Associate Professor,
Head, Surgery Department, Belarusian Medical Academy
of Postgraduate Education, Minsk, Republic of Belarus

Starastsin A.M., Senior Lecturer, Surgery Department
Belarusian Medical Academy of Postgraduate Education,
Minsk, Republic of Belarus

Vanslau M. 1., Junior Research Associate, Inmunology and
Biomedical Technologies Department of Central Research
Laboratory Belarusian Medical Academy of Postgraduate
Education, Minsk, Republic of Belarus

1109



Huocecopoodosa JI.b. u dp.
Nizheharodava D.B. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

Heanuux I'H. — cmapwiuii nayuHslii compyoHUK omoena
UMMYHOA02UU U OUOMEOUYUHCKUX MEXHON02ULL HAYHHO-
uccnredosamenvckoli rabopamopuu, beaopycckas
MeOduyuHCcKas aKkademusi NoOCAeOUnI0MHO20 00pA308aHUS,
2. Muuck, Pecnyoauxa beaapyco

Beauuro A.B. — maadwuii nayunviii compyoHux omoena
UMMYHOA02UU U OUOMEOUYUHCKUX MEXHON02UL HAYHHO-
uccaedosamenwvckoli rabopamopuu, beaopycckas
MeOUYUHCKAas aKkademusi NOCAeOUNIOMHO20 00paA306aHUsL;
npenodasamensd Kageopovl ummynosoeuu, MexicoyrapooHotii
20Cy0apcmeeHH bl SK0A02UHECK UL UHCIUMYM UMeHU

A.JI. Caxaposa benopycckoeo eocydapcmeernozo
yHusepcumema, e. Munck, Pecnybauxa beaapyco

3agppanckas M.M. — 0.m.H., npogpeccop, enagHuvlil HayUHbLil
compyOHUK omaoena UMMYHOA02UU U OUOMEOUYUHCKUX
MexHON02UIl HAYYHO-UCCAe008aMeNbCKO nabopamopu,
benopycckas meduyunckas axademus NOCAeOUNAOMHO20
00pazosanusi; 3a6edyoulas Kapeopoii UMMYHOA02UU,
Medcdynapoonuiii eocydapcmeeHHblil IK0A02UHeCKULL
uncmumym umenu A.Jl. Caxapoea benopycckoeo
eocyoapcmeenHo2o yrusepcumema, 2. Mumck, Pecnybauka
benapycw

Ivanchyk G.1., Senior Research Associate, Immunology and
Biomedical Technologies Department of Central Research
Laboratory Belarusian Medical Academy of Postgraduate
FEducation, Minsk, Republic of Belarus

Vialichka A.V., Junior Research Associate, Immunology and
Biomedical Technologies Department of Central Research
Laboratory Belarusian Medical Academy of Postgraduate
FEducation; Lecturer, Inmunology Department, International
Sakharov Environmental Institute of Belarusian State
University, Minsk, Republic of Belarus

Zafranskaya M.M., PhD, MD (Medicine), Professor,

Chief Research Associate, Immunology and Biomedical
Technologies Department of Central Research Laboratory,
Belarusian Medical Academy of Postgraduate Education;
Head, Immunology Department International Sakharov
Environmental Institute of Belarusian State University, Minsk,
Republic of Belarus

Iocmynuna 15.04.2023
ITlpunsama k newamu 26.04.2023

Received 15.04.2023
Accepted 26.04.2023

1110



