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bonesns Kpona npezcrasisier co6oi ayToMMMYHHOE BOCTIAJIUTEIbHOE 3a00JIEBaHIE KUILIEYHHUKA, XapaKTepPU3yIOLIeecs pas-
BUTHEM XPOHHYECKOTO PELUIUBHO-PEMUTTHPYIOLIETO BOCTIAIICHHUS, TPEUMYIIIECTBEHHO B TEPMUHAIBHBIX OT/IeSIaX TOHKOM KHIII-
KU 1 TOJICTOM KHMIIIKE, B PE3YJIbTaTe FeHeTHUECKOI MPe/paciioNokeHHOCTH WK AeHCTBUSI (JaKTOPOB OKpY»Karowen cpepl. Mm-
MyHormaroreHe3 Oose3nu KpoHa accorupyercsi ¢ HapyIieHHeM 0aKTepraibHOTO KIIMPEHCa X N3MEHEHHEM MMMYHOJIOTHYECKUX
TIoKa3aresel, 9To MPUBOIHUT K IUCOATaHCy IKOCUCTEMBI JKEITYIOYHO-KUIIEYHOTO TPAKTa, c(hOPMUPOBAHHON MHKPOOHOMOM
1 TAaKMMH HS)KUBBIMU KOMITIOHEHTAMH, KaK CIIU3b, TUIIEBBIC META0OIUTHI MM 100aBKH. BaskHyT0 poib B MyKO3aJIbHOM HMMY-
HHUTETE HIPAIOT HHTPAIHUTEINATIbEHbIE TUM(OLUTHI KEITYJOYHO-KHUIIEYHOTO TPAKTa, ()eHOTHUI U (hyHKIMOHAIBHBIN POGHIL
KOTOPBIX BO MHOTOM OIIPE/IENISIETCSI COCTAaBOM MHUKPOOHMOMA M BO3/ICHCTBHEM HA HETrO Pa3iIMYHBIX IKOJIOTMUECKHX (paKTOpoB
(mera, KypeHue, Ce30HHbIE M3MEHEHHUS, 3arpsi3HEHNE BO3/lyXa, TUTHEHa U JIp.). B 1aHHOM Hccie/joBaHnM y TallMeHToB ¢ 00-
ne3HpI0 KpoHa ycTaHOB/IeHb! (PeHOTHIMYECKHE M3MEHEHHST HHTPASINTEIMAIBHBIX IMM(OLIUTOB TOHKOH M TOJICTOM KHIIKH, BbI-
SIBJIEHA KOPPEJIIMOHHAS 3aBICHMOCTh MEXTYy CyOIOMyISIIMSIMHI HHTPA3ITUTEINATbHBIX JIMM(POINTOB TOHKOM 1 TOJICTON KUIIIKH
1 KIIMHUKO-MOP(OIOTHYECKIMH MOKa3aTesiMy. [lorydeHHbIe JaHHbBIE MOTYT SIBISITBCSI OOMapKepoM MMMYHHOTO BOCTIaJie-
HHS B )KEJIYIOYHO-KUIIEYHOM TPAKTE U O3BOJIAIOT PACCMATPUBATh HHTPA3IUTENHAIbHbIe TUM(OLUTEI B KaueCTBE TeparieB-
TUYECKOW MUILIEHH ITPU UMMYHOPETYIISINHU aJallTUBHOTO MYKO3aJIbHOTO MIMMYHHOTO OTBETa HA ayTOAHTUTCHBI.
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Crohn’s disease is an autoimmune inflammatory bowel disease characterized with the chronic relapsing-remitting
inflammation, mainly in the terminal parts of the small intestine and colon, as a result of a genetic predisposition or
environmental factors influence. It is associated with impaired bacterial clearance and changes in immunological parameters
what resulted in disruption of the gastrointestinal tract ecosystem, formed by the microbiome and non-living components
such as mucus, food metabolites or additives. Intraepithelial lymphocytes of the gastrointestinal tract play an important role
in mucosal immunity and their phenotype and functional profile is largely determined by the microbiome composition and
environmental factors affecting it (diet, smoking, seasonal changes, air pollution, hygiene, etc.). In this investigation the
changes in intraepithelial lymphocytes phenotype of small and large intestine were shown in patient with Crohn’s disease
as well as the correlation of intraepithelial lymphocytes phenotype with clinical data was established. Obtained data may be
used as a hallmark of immune inflammation in the gut and make intraepithelial lymphocytes as ideal candidate for targeting
in further immunoregulation of mucosal adaptive immune response against autoantigens.

Keywords: ecosystem; intraepithelial lymphocytes; environmental factors; flow cytometry; Crohn’s disease; autoimmune
inflammation.

Introduction

The human gut can be considered an ecosystem comprised of microbes community and nonliving components
such as mucus, food metabolites or food additives, and inflammatory bowel diseases (IBD) are increasingly asso-
ciated with disruption of this ecosystem. Crohn’s disease (CD) is a one of chronic autoimmune inflammatory dis-
eases of the gastrointestinal tract refers to IBD and is characterized by an uncontrolled adaptive immune response
against intestinal bacteria. Nearly 5 million individuals worldwide suffer from IBD, and the prevalence of disease
continues to increase up to 70.000 new diagnoses each year [1].

Current investigations indicate that the etiology of IBD is multifactorial, with environmental, microbial,
genetic, and immunological components contributing to the pathophysiology of disease. However, genetics
explains a small fraction of risk, and the external environment plays a large and important role in disease
pathogenesis. Environmental risk factors include childhood hygiene, air pollution, breastfeeding, smoking,
diet, stress, exercise, seasonal variation, and appendectomy which may result in imbalance between regulato-
ry and cytolytic effector lymphoid cells within the epithelium following a dysregulation of mucosal immunity,
disturbances in composition of the intestinal microbiota and the generation of a pro-inflammatory microen-
vironment in IBD. The epithelial cytolysis leads to ulceration, allowing bacterial invasion of the mucosae
and enhanced T-cell activation, along with the reduction in regulatory cells amplifying the pro-inflammatory
immune response [2].

A basic principle of ecological restoration is that an ecosystem cannot be repaired until the underlying distur-
bance causing degradation has been removed. One of candidate for therapeutic target is intestinal intraepithelial
lymphocytes (IELs) — a heterogeneous population of lymphoid cells, which localizes between the intestinal ep-
ithelial cells that form the intestinal mucosal barrier. The tissue-resident intraepithelial T-lymphocytes compart-
ment is shaped by the local environment (oral antigen, microbial signals, region-specific cell—cell interactions) as
can be appreciated by the different proportion of various cell subsets between the small and large intestine in hu-
man. The small intestine contains at least ten times more IELs than the colon. The classification of IELs includes
two main subtypes: “induced” IELs that are phenotypically similar to conventional memory effector T cells and
innate-like “natural” IELs that exhibit regulatory functions. Once IELs traffic to the intestine, these cells become
tissue resident and do not recirculate [3; 4].

The location of IELs between epithelial cells, their effector memory, cytolytic and inflammatory phenotype,
and their ability to destroy infected epithelial cells position them to kill infected epithelial cells and protect the in-
testine from pathogens. But IELs activation status and their close localization to the intestinal epithelium suggest
that these cells may be involved into immunopathological responses and initiate or exacerbate IBD or promote
cancer development and progression [5].

Nowadays there are limited data for a role of IELs in IBD. The conflicting results were reported: from the
protective function of intestinal epithelium’s barrier up to the contribution to gastrointestinal inflammation and
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disease development [6]. So the data about IELs phenotype and functional characteristics as well as their role in
preventing or reducing susceptibility to IBD remain under investigations.

In this article IELs subsets are detailed characterized in CD patients and their correlation with clinical and
morphological features of disease are described what makes IELs as ideal candidate for immunobiomarker of
autoimmune intestinal inflammation as well as potential target for further immunoregulation of mucosal adaptive
immune response against autoantigens.

Materials and methods

Samples of peripheral venous blood as well as small intestine and colon mucosae tissue were obtained from
CD patients (n="7) hospitalized in Minsk regional clinical hospital (Republic of Belarus) and healthy donors
(control group, n=5) of the same age and gender ratio during scheduled surgeries. The clinical and demographic
characteristics of investigated groups and materials are presented in the table 1.

Table 1

Clinical and demographic characteristics of investigated groups

Groups Age, y.o. Gender, m/f | Tissue sample size, cm® | Disease duration, years | Disease severity
. 31.0 20.7 5.0
CD patients (26.0-54.0) 32 (10.0-57.5) (10-10.0) A2L1-2B1-3P0-1
30.0 23.5
Healthy donors (28.0-47.0) 32 (8.0-49.9) B B

The diagnosis was confirmed by histological examination of the tissue sample. Disease severity was
established according to the Montreal classification of inflammatory bowel disease (ALBP) [7] presented

in the table 2.

The Montreal classification of inflammatory bowel disease

Table 2

Grade Age of diagnosis (A) Location (L) Behaviour (B) Perianal disease (P)
| Al —below 16 y. . L1 —ileal BI — non-stricturing,
non-penetrating
2 | A2 —between 17 and 40 y. o. L2 — colonic B2 - stricturing concomitant perianal

3

A3 —above 40 y. o.

L3 — ileocolonic

B3 — penetrating

disease is present

4 L4 — isolated upper disease

Samples collection procedure. Peripheral venous blood specimens and human tissues were obtained after
patients or donors provided informed consent. Peripheral venous blood was collected aseptically by venipuncture
into a blood collection tubes with anticoagulant (ethylenediaminetetraacetic acid, EDTA). Mucosa specimens
from patients with Crohn’s disease or donors were obtained from electively scheduled surgical resections. Tissue
samples (small intestine or colon) were collected from the macroscopically least involved area of the mucosa. In
all cases, diagnosis of Crohn’s disease was confirmed by histopathological examination of the resected specimen.
None of the patients was taking steroids or other immunosuppressive drugs at the time of the operation. Control
specimens were obtained from patients undergoing surgery for large and small intestine.

1ELs isolation method. 1ELs were isolated by a modification of a described protocol [8]. The specimens were
cut into 1-5mm” fragments and incubated for 1 h under intense shaking: the mucosal fragments were placed inside
a 50ml tube with culture medium RPMI 1640 (Gibco, Germany) contained 1 mM dithiothreitol and 1 mM EDTA
(Sigma, Germany) supplemented with 10 % fetal calf serum (FCS) and antibiotic-antimycotic mixture (Gibco,
Germany). The scheme of protocol steps presented at the fig. 1.

A single cell suspension was obtained by filtering through a 70 mm sterile filter (Carl Roth, Germany), washed
in saline and layered onto 40—60 % Percoll gradient (Sigma, Germany). The gradients were spun at 1900 rpm for
30min. The cell fraction between 40—60 % Percoll was the most enriched for IELs. The IELs layer was transferred
to a new tube, diluted to 50 ml with saline, spun at 400 g for 8 min at RT, washed twice more with 50 ml saline,
and counted.
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Fig. 1. IEL isolation scheme [8]

Flow cytometry method. Flow cytometry method was used for [ELs viability assessment as well as charac-
terization of surface markers expression on IELs. To assess cells apoptosis or necrosis IELs were labeled with
Annexin AS-FITC/7AAD kit (Beckman Coulter, Germany) for 15 min at RT in HEPES-Ca®" buffer. For the detec-
tion of apoptotic cells cell suspension was washed with ice-cold culture medium and centrifuged for 5 minutes at
500x% g at 4 °C. Then supernatants were discarded, and cell pellets were resuspended in ice-cold 1x Binding Buf-
fer to 5%10°-10x10° cells/ml. Tubes were kept on ice. 10 uL of Annexin A5-FITC solution and 20uL of 7-AAD
Viability Dye were added to 100 pL of the cell suspensions in the tubes and mixed gently. Tubes were kept on
ice and incubated for 15 minutes in the dark. Then 400pL of ice-cold 1x Binding Buffer was added and mixed
gently. Cells were analyzed within 30 minutes. Flow cytometry analysis of alive, apoptotic and necrotic IELs was
done using biparametric histogram LOG FL1 (525nm) vs LOG FL4 (675nm) shows four distinct populations: the
viable cells which have negative FITC and 7-AAD signal; the apoptotic cells which have a positive FITC and a
negative 7-AAD signal; the secondary necrotic cells which have positive FITC and 7-AAD signal; the damaged
viable cells with a negative FITC and a positive 7-AAD signal.

For immunophenotyping, 2x10° IELs were stained with 10 pl of CYTO-STAT tetra CHROME monoclonal
antibodies panels (CD45-FITC/CD4-RD1/CD8-ECD/CD3-PC5 or CD45-FITC/CD56-RD1/CD19-ECD/CD3-
PC5, Beckman Coulter, USA) and incubated at 20-25 °C for 15 min in the dark. CD161-PB antibody was used
also for NK-cells identification; yYdTCR-PC7 antibody was used for yoT-cells identification. Red blood cells were
lysed with the VersaLyse Solution (Beckman Coulter, USA). The aliveness and the phenotype were measured on
10 000 IELs using flow cytometer Cytoflex (Beckman Coulter, USA). The algorithm of lymphoid cells analysis
is presented at fig. 2.

Single cell Iph CD3+ Iph

= JCD19+(9,41 %) (0,08 %) CD8+(30,42 %) CD4+CD8+(1,74 %) CD56+(8,83%)  CD3+CD56+(3,81%)

(x10%
108

SSC-A
CD19 ECD-A
05
CDSECD-A
10
CD56 PE-A
108
ni

0 104
o 104
T

L(1173%) 3CD4-CD8-(5,18%) CD4+(62,66 %)
0 0 0 104 10° 108 0 10° 108
a CD45 FITC-A b CD3 PE-Cy5-A c CD4 PE-A d CD3 PE-Cy5-A

CD3+(75,06 %)

Fig. 2. The algorithm of lymphoid cells analysis: a — lymphocytes population, » — CD3 T-cells and CD19"B-cells,
¢ — CD3"CD4 T-helpers and cytotoxic CD3"CD8 T-cells, d — CD3 T-cells and CD56 NK-cells. LYM — lymphocytes,
GR — granulocytes, MO — monocytes, BA — basophiles.

According to the fig. 2, the gate (a) includes the lymphocytes which have bright CD45" FITC fluorescence
and low SS (fig. 2 a). In this analysis, priority is given to including all lymphocytes while monocytes (lower
CD4 expression and intermediate SS) and basophils (lower CD45 and low SS) were excluded as much as pos-
sible. The region boundaries were set on the two parameter histograms (plots) to bracket the double negative
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populations (CD3'CD19" and CD3'CD56) and to tightly encompass the CD3'CD19" and CD3'CD56™ populations
as illustrated in fig. 2 b. The next region (fig. 2 ¢) boundaries were set on the two parameter histograms (plots) to
bracket the double negative populations (CD3°CD4 and CD3'CD8") and to tightly encompass the CD3°CD4 and
CD3"CDS8 populations as illustrated in fig. 2 d.

Statistical method. Statistical analysis was made using Statistica 8.0 software. The data did not correspond to
the normal distribution (Shapiro-Wilk W test) and nonparametric methods were used for statistical analysis. The
median and interquartile intervals (25 and 75 % percentiles) were used as descriptive statistic. The Mann-Whit-
ney U test was used to compare two independent groups. Differences were considered statistically significant at
p <0.05. The correlation between the parameters was determined by the Spearman rank method and was presented
as coefficient of correlation (R).

Results and discussion

The characteristics of isolated from gut tissues IELs number in Crohn’s disease patients. For IELs isolation
the gut tissue was rinsed by manually shaking, followed by removal of the muscular layer using scissors. The
mucosal layer separation step is presented at fig. 3.

e
5
-4
=
e
= |

Fig. 3. The mucosal layer separation step from colon of healthy donor

To determine cell yield per cm?, the size of the mucosal tissue was measured after removal of the muscular
layer. The data are presented in the table 3.

Table 3
The tissue sample size and cell number per cm’ in investigated groups
Groups The part of gut | Tissue sample size, cm’> | The number of isolated IELs, x10° | IELs number (x10°) per cm’
Small intestine 17.50 24.50% 1107
. (10.00-21.00) (4.5-34.0) (0.50-1.94)
CD patients 12.75 12.05* 0.92*
Large intestine ' ' ’
(10.10-40.00) (8.0-52.0) (0.37-1.30)
Small intestine 14.62 3.80 0.26
(9.80-18.50) (2.50-5.90) (0.10-0.54)
Donors
Large intestine 847 765 0.25
(3.20-13.75) (0.90—-14.40) (0.06-0.45)

Note. **p<0.01; *p<0.05; significances are indicated as compared to healthy donors.

After isolation, IELs quantity from CD patients small (24.50(4.50+34.00)x10°) and large
(12.05 (8.00 + 52.00) x10° intestine were higher than from healthy donors (3.80 (2.50 + 5.90) x10° and
7.65 (0.90 + 14.40) x10°) as well as cells numbers per tissue cm’: 1.10x10°cm” and 0.92x10%cm’ — in small and
large intestine of CD patients and 0.26x10%cm” and 0.25x10%cm’ — in donors, respectively, p <0.01 and p <0.05.

The viability of intestinal IELs in Crohn’s disease patients. The investigation of IELs viability after isolation
in the both samples revealed that majority of cells was alive cells (92.1 % in CD patients and 95,8 % in healthy
donors). For the determination of cell death types, IELs were stained with Annexin V conjugated to a fluorophore
(phosphatidylserine externalization marker) and 7-amino-actinomycin D (7-AAD) that can only enter cells with
compromised membranes (membrane integrity impairment dye). It is known that during apoptosis, a general
view of cellular events involves the activation of caspases, programmed destruction of protein and DNA, loss
of cell membrane asymmetry (external leaflet exposure of phosphatidylserine), and eventual loss of the integrity
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of the plasma membrane [9]. The results of IELs viability and death types in investigated groups are presented
in the table 4.

Table 4
IEL:s viability and death types (%) in investigated groups
o IELs number, %
Cells viability/death type Phenotype CD vatient D
patients onors
. o _ 94.82 94.02
Alive Annexin V7AAD (92.35-97.02) (90.08-96.43)
Primary apoptosis Annexin V'7AAD @ 03_32 48) @ 53_52 00)
Secondary apoptosis Annexin V'7AAD" © 3?33 23) © 2(;,58 88)
*

Necrosis Annexin V' 7AAD’ a 52é1724 71) © 8228; 05)

Note. *p<0.05; significances are indicated as compared to healthy donors.

The investigation of IELs viability after isolation in the both groups revealed that majority of cells was Annex-
in A5 7AAD  corresponding to alive cells (94.02 % in CD patients and 94.82 % in healthy donors). Meanwhile,
the analysis of dead cells among IELs in CD patients showed the equal numbers of Annexin V'7AAD ™ primary
apoptotic cells (2.35 %) and Annexin V- 7AAD " necrotic cells (2.12 %) while in healthy donors primary apoptotic
cells (3.58 %) were dominated compared to necrotic ones (1.84 %). The percentage of Annexin V'7AAD ‘second-
ary apoptotic cells was insignificant and made 0.71 % and 0.56 %, respectively, in CD patients and healthy donors.

The immunophenotype of intestinal IEL in Crohn’s disease patients. For the investigation of [ELs immuno-
phenotype and their subsets the expression of T-, B- and NK-lymphoid cell markers were analyzed in cell sus-
pension from small and large intestine in CD patients and healthy donors. The results of IELs phenotype using
four-color flow cytometry analysis are presented in the table 5.

Table 5
IELSs subsets (%) in Crohn’s disease patients and healthy donors
Groups Gut samples T-cells T-helpers Cytotoxic T-cells B-cells NK-cells yoT-cells
Small 88.5% 13.8 59.9 8.6% 11.0 3,2%
Crohn’s intestine (85.8-93.9) (13.4-31.5) (29.8-68.2) (6.3-14.2) (8.6—-13.3) (2,8-3,5)
disease Colon 69.9% 329 49.1 18.0% 16.9 12,8*
(56.3-80.0) (11.4-54.6) (36.2-62.4) (4.1-26.3) (11.4-20.9) (6,3-19,3)
Small 58.9 71.4 29.2 33.0 11.6 8,0
Healthy intestine (58.6—67) (70.7-72.1) (28.3-30.0) (30.4-35.6) (10.7-12.5) (3,7-13,1)
donors Colon 50.2 36.6 63.8 44.1 18.4 17,4
(30.0-70.3) (30.7-42.3) (60.7-66.9) (22.0-66.1) (9.4-27.3) (16,9-30,5)
p1,3<0,001 p1,3<0.05 p],3<0.05
p P2-4<0,05 P15<0.05 P15<0.05 P>.4<0.01 P2.4<0.05
3-4<0,01

Note. *p<0.05; significances are indicated as compared to healthy donors.

Four-color flow cytometry analysis of IELs showed that cells from CD patient were predominantly consisted
of T-lymphocytes (88.5 % — in small intestine and 69.9 % — in large intestine) like in peripheral blood (table 5).
But in CD patients the number of CD3'IELSs in small and large intestine were increased in 1,5 (p<0.001) and
1,4 times (p<0.05), respectively, as compared to healthy donors. Moreover, CD3'1ELs were predominated in
small intestine in CD patients (88.5 % versus 69.9 % in large intestine, p <0.01) while nearly equal number of
CD3"IELs was detected in ileum (59.2 %) and colon (50.2 %) of healthy donors (table 5).

Moreover, the decrease of CD3'CD4 T-helper in small intestine as compared to healthy donors (p <0,05) with
a tendency to increase of CD3'CDS8 cytotoxic T-lymphocytes in small intestine (immunoregulatory ratio = 0.31)
were established in CD patients (table 5). It was demonstrated the equal numbers of CD3"CD4 T-helper and
CD3"CD8 cytotoxic T-lymphocytes in the colon of CD patients with CD4'/CDS8" ratio = 0.76 but the increase of
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cytotoxic T-cells IEL compared to T-helper IELs with CD4"/CD8" ratio = 0.57 in healthy donor what correspond-
ed to literature data.

Cytofluorometric investigation of CD3"CD4 CD8y3T-cells revealed their decrease among IELs in the gut of
CD patients (3.2 % — in small and 12.8 — in the large intestine) compared to healthy donor (8.0 and 17.4 %, re-
spectively, p <0.05) (table 5).

CD19'B-cells were decreased in all gut samples from CD patients as compared to healthy donors (in 3.8 times —
in small intestine, p <0.05, and 2.4 times — in large intestine, p <0.01). While there were no differences in the per-
cent of neither CD56 ' NK-cells (table 5) nor CD161'NK-cells in investigated groups. These results suppose the
involvement of T-cells as a major player in the pathogenesis of Crohn’s disease.

For the comparative analysis the immunophenotype of peripheral blood lymphoid cells was estimated in
Crohn’s disease patients and healthy donors. The total number of lymphoid cells subsets in peripheral blood of
CD patients and donors are presented in table 6.

Table 6
Lymphoid cells subsets (%) in peripheral blood of CD patients and donors
Groups T-cells T-helpers Cytotoxic T-cells B-cells NK-cells voT-cells
Crohn’s disease 68.2 60.1 334 12.7 12.8 8.5%
(66.2-84.9) (52.3-65.5) (25.3-35.9) (5.1-14.6) (9.2-17.9) (L.6—17.1)
Healthy donors 74.5 64.0 33.0 9.7 13.2 2.3
y (70.0-79.0) (55.1-73.0) (31.0-35.0) (9.4-10.0) (12.4-14.0) (1.9-2.8)

Note. *p<0.05; significances are indicated as compared to healthy donors.

The CD3" and CD3"CD4 T-helpers had tendency to decrease in CD patients as compare to healthy donors, at
the same time there is no difference in cytotoxic CD3"CD8 T- and NK-cells in investigated groups, while there
was the tendency to elevation of CD19'B cells and the significant increase of y3T-cells in CD patients as compare
to healthy donors.

According to literature data Crohn’s disease are also generally thought to be driven by aberrant CD4'TELs
responses directed against the intestinal microbiota, aberrant differentiation and/or functions as major contrib-
uting factors to immunopathology at mucosal sites. Probably, the established decrease of CD3"CD4 T-helper in
small intestine may be explained by apoptotic cell death as result of hyper stimulation and activation. Perhaps the
most significant detrimental effect of CD4" IELs is their ability, in conjunction with CD4" T cells in the lamina
propria, to promote the development of small intestinal inflammation in patients with IBD [10]. Although both
Crohn’s disease and ulcerative colitis share some important end-stage pathways of tissue damage, they represent
immunologically different diseases with distinct effector CD4 T-cell types involved. Crohn’s disease is considered
to be a classical Thl-cell-mediated inflammatory disorder that is characterized by elevated levels of IFNy and
IL-12. However, the more recent findings that inflamed colons from both mouse models and patients with Crohn’s
disease show considerable Th17 cell infiltrates, suggests a more complex disorder. In addition, 1L-23, which
promotes Th17 cell responses, seems to be a major player in IBD pathogenesis and genome-wide association
studies in humans defined IL-23R as one of the major IBD susceptibility genes. Recent studies have also pointed
to roles for thymic stromal lymphopoietin (TSLP) and the IL-17 family member IL-25 in the induction of CD4'T
cell-driven intestinal inflammation [11].

In humans, CDS8'IELs closely resemble systemic effector memory cells and exhibit cytolytic activity. It is
thought that the intestinal microenvironment conditions CD8 TELS to respond to non-classical major histocompat-
ibility complex (MHC) class I molecules through the activation of natural killer receptors. These MHC class I li-
gands are upregulated in response to epithelial stress, infection or inflammation. Instead, it is thought the acti-
vation of antigen-specific conventional CD8of " TCRaB" IELs or recognition of epithelial stress ligands by these
cells induces epithelial cytolysis. Animal studies suggest that autoreactivity is primarily a characteristic associated
with the naturally occurring TCRap CD8aa TELs subset. This IELs subset was shown to be selected by self-an-
tigens restricted by non-classical and classical MHC class I and II molecules during thymic development. The
current line of thought is self-reactive T cells that failed to undergo negative selection are destined to preferentially
migrate and expand in the intestine, where they acquire CD8aa and granzyme. In addition to having an autoreac-
tive TCR, these naturally occurring innate-like lymphocytes express activating NK receptors, that enable them to
recognize self-antigens induced under conditions of stress and inflammation. This latter autoreactivity is destined
to recognize modifications of self that signal the presence of pathogens and transformed cells [12].
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The correlation of 1ELs subsets immunophenotype and clinical parameters in CD patients. The correlation
of the IELs subsets number in small and large intestine as well as peripheral blood lymphocytes and clinical data,
such as the Crohn’s disease duration, localization and severity was estimated in patients.

The negative correlation was established between the number of CD3'T cells in small intestine and the duration
of Crohn’s disease (R=-0.8, p>0.05) as well as perianal disease (R=-0.7, p>0.05), mostly due to cytotoxic
CD8 T-cells and ydT-cells (table 7). All T-cells subsets with killer activity (CTL, y8T-cells and NK-cells) also
inversely correlated with disease localization (R=-0.86, p>0.05). At the same time, the number of T-helpers and
B-lymphocytes was positively correlated with disease severity (R=0.94, p<0.01) and the presence of perianal
disease (R=0.70, p<0.01).

Table 7
The coefficient of correlation (R) of IEL subsets in small intestine and clinical parameters in CD patients
Parameter T-cells T-helpers CTL B-cells NK-cells ydT-cells
Age -0.60 0.20 -0.60 0.60 -0.60 -0.60
Duration -0.80* 0.40 -0.90* 0.80%* 0.00 -0.80%*
L -0.57 0.00 -0.86* 0.57 -0.86* -0.86*
B -0.63 0.94%** -0.47 0.63* -0.47 0.00
P -0.70* 0.70* -0.70* 0.70* -0.70* -0.35

Note. *»<0.05; **p<0.01.

In the colon of CD patients the less the number of ydT-cells was the more disease duration (R=-0.90, p <0.05),
area of localization (R=-0.87, p <0.05) and perianal disease (R=-0.65, p <0.05) were. The number of NK-cells
also was inversely correlated with perianal disease (R=-0.90, p <0.05) (table 8).

Table 8
The coefficient of correlation (R) of IELs subsets in colon and clinical parameters in CD patients
Parameter T-cells T-helpers CTL B-cells NK-cells ydT-cells
Age 0.37 0.37 0.14 0.48 0.08 -0.20
Duration 0.40 0.50 0.20 -0.10 -0.60 -0.90*
L -0.09 0.48 0.09 -0.09 -0.29 -0.87*
B 0.44 0.17 -0.14 0.08 -0.08 0.17
P 0.39 0.39 -0.13 -0.13 -0.65% -0.65%

Note. *p<0.05.

The number of lymphoid cells in peripheral blood was not significantly correlated with clinical parameters of
CD patients.

Thus, the T-helpers and B-lymphocytes are involved in effector damage of gut tissue while T-cells subsets
with killer activity (CTL, y8T-cells and NK-cells) probably play a protective or immunoregulatory role in CD
immunopathogenesis.

Conclusion

IELs which are located between the epithelial cells of the intestinal mucosa close to the gut lumen have been
suggested to be the first lymphocytes to encounter luminal antigens and therefore play an important role in mucosal
immunity as well as in intestinal inflammation. In this article IELs number, viability and immunophenotype
subsets were detailed characterized in CD patients. According to the obtained data the next conclusions were
formulated:

1. The total IELs number is increased in 6,4 times in small intestine (p<0.01) and in 1,6 times in large intestine
(»<0.05) of CD patients as compared to healthy donors, what indicates the active involvement of IELs in intestinal
inflammation.

2. The majority of IELs after isolation from gut are Annexin A5 7AAD"™ corresponding to alive cells in the
both investigated groups (94.02 % in CD patients and 94.82 % in healthy donors) but the number of necrotic IELs
among dead cells in CD patients is higher than in healthy donors (p<0.05) reflecting tissue damage process in
inflamed gut.
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3. The changes of IELs subsets in the gut of CD patients are revealed as compared to donors: the number
of CD3"IELs in small and large intestine are increased in 1,5 (p<0.001) and 1,4 times (p<0.05), respectively,
characterizing with the prevailing of CD8'IELSs in small intestine (immunoregulatory ratio=0.31; »<0.05), while
the numbers of CD3'CD4 CD8y3T-cells (p<0.05) and CD19 'B-cells (p<0.01) among IELs are decreased in all
parts of gut. There are no differences in the percent of NK-cells in investigated groups. These results suppose the
involvement of T-cells as a major player in the intestinal inflammation maintenance and CD immunopathogenesis.

4. The established positive correlation of T-helpers and B-lymphocytes in small intestine with disease severity
(R=0.94, p<0.01) and the presence of perianal disease (R=0.70, p<0.01) reflects the abberant effector T-cells
function and indicates the involvement these subsets in the damage of gut tissue while lymphoid cells subsets with
killer activity (CTL, ydT-cells and NK-cells) inversely correlated with clinical parameters (R=-0.86, p>0.05) and
probably play a protective or immunoregulatory role in CD immunopathogenesis.
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