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Pe3rome.

Lenpto uccneaoBaHus ABHIOCH M3yueHUE ocobeHHocter (enotuma NKT-
KJIETOK Y OOJIBHBIX paclpOCTpaHEHHBIM THOMHBIM niepuToHuTOM (PT'TI) B Tunamuke
MOCIICOTIEPAIIMOHHOTO MEpUOoJia B 3aBUCHUMOCTH OT HCXoJa 3a0oJieBaHUSI.
OOcnenoBaHo 52 manMeHTa € OCTPbIMU XHUPYPrUYECKUMHU 3a00JIEBaHUAMHU U
TpaBMaMH OPTraHOB OPIOLIHOM MOJIOCTH, ociokHUBIIMMUCS PITI, u 68 310poBBIX
JIOJEd B KayecTBE JIMI[ KOHTPOJBHOW TIpynnbl. 3a00p KpoBH y OOJIBHBIX
MIPOU3BOIMIIN TIEpeE]] oTepalueil (100nepauoHHbIi Mepruo), a TaKkxke Ha 7-¢, 14-¢
u 2l-e CyTKM MOCIEONEpalMOHHOrO0 Mepuojaa. B 3aBUCMMOCTH OT HCXOJa
3a00J1eBaHMS B TTOCJICONEPALIMOHHOM niepuo/ie, Bce 6osibHbie PI'TI Obutn pasznenensl
Ha JIB€ TPYIIbI: OOJbHBIE C OJIATOMPUATHBIM HCXO0JIOM 3aboneBaHus (n=34),
MalKUeHThl ¢ HebmaronpusaTHbeIM ucxosioM (n=18). MccnenoBanue ¢penoruna NKT-
JUM(GOIUTOB  KPOBH  MPOBOAWIA  METOJAOM  IPOTOYHOM  LUTOMETPUH C
UCIIOJIb30BaHUEM MPSAMON HMMMYHO(IIyOPECHEHIIMU LENbHOM mnepudepruuecKkoi
KPOBH C MOHOKJIOHAJIbHBIMH aHTUTENaMu. Y oOcieqoBaHHbIX maiueHToB ¢ PI'TI
HE3aBHCHMO OT MCXO0/a 3a00J€BaHMsl B JOOINEPALMOHHOM IEPUOJIE MOHMKEHO
OTHOCHUTEJIbHOE M abconoTHoe coaepxkanue NKT-knetok, mpuyeM B o0eux
rpynnax OOJIbHBIX MPOLIEHTHOE KOJWYECTBO KJIETOK BOCCTAaHABIIMBAETCS Cpa3y
nocie omneparuu. B 1O ke Bpewms, abcomoTHbii ypoBeHb NKT-kietox
HOPMAaJIM3yeTCs TOJIBKO Y O0JIbHBIX ¢ OtaronpusTHbIM ucxoioM PI'TI v Tonbko k 21-
M cyTkaMm mnocie onepauuud. K koHiy mepuona oOcienoBaHusl y OOJIBHBIX C
onmaronpusatHeiM ucxonoM PITI B mepudepudeckoil KpoBH HOPMAIU3YETCS
conepkanue 3penbix NKT-muM@ponuToB U 3HAYUTEILHO CHUXKAETCS KOJIUYECTBO
IUTOTOKCHUYECKHUX KJIETOK, YTO, T0-BUIUMOMY, ONIPEJIENSAETCS UX MUTPALIKEN B 30HY
BocniajeHus. TosbKo y O0sbHBIX ¢ OnaronpusTHbIM rcxoaoM PI'TI moHuskeHHbII
YpOBEHb HeKJaccuueckux (dxcnpeccupyromue CD8-mapkep) 3penbiX U IUTOKUH-
npoayuupytomnx NKT-kneTok B 100nepaliiOHHOM IEPUOJIE HOPMAIU3YETCS 10
KOHTPOJIbHBIX 3HAUEHUI K KOHILY IEPHO/Ia OCIEONepallMOHHOr0 00cieoBaHus. B
TO € BpeMs, y TAalHUEeHTOB C HEOJAronmpusITHBIM HUCXOJ0M 3a00JeBaHUs

comepkanre  AaHHbIX  cyOmomymsuuid  NKT-kimerok k  21-M  cyTkam



MOCJIEONEPAIIMOHHOTO JIEYEHU S TOHMKEHO. Y OO0JIbHBIX € OJIaroNpHUsTHBIM HUCXO0JI0M
3a00JIeBaHUSl BBISBIISIETCS BBICOKMH YPOBEHb 3pEIbIX U IUTOTOKCUYECKHUX
CD11b*NKT-kierok yXe B JJIOOMNEPAIMOHHOM IIEPHOJE, TOrAa KakK IpH
HeOmaronpusiTHOM wucxone PI'TI moBbImeHHOE CcomepKaHUE ITMTOTOKCHYECKHUX
CD11b*NKT-kieTok OOHapyXeHO TOJBKO K 21-M CyTKam [OCje OIepalluu.
Copnepxxanne NKT-kiaeTok ¢ 3kcmpeccueil akTUBalMOHHBIX MapkepoB (CD28 u
CD57), cHukeHHOE y OOJBHBIX B IOONIEPAlMOHHOM MEPUOE, IPU 0JIaronpusTHOM
UCXOJIe HOPMAIU3YeTCs cpasy IMOcje ONepalyu, TorJaa Kak Npyu HeOIaronpusTHOM
ucxojie OJIMKe K KOHILy IOCIIEONEPAlMOHHOTO 00cieqoBaHus. Y CTaHOBJICHHbIE
ocobenHoctu (penotuna NKT-kineTok y OOJIbHBIX C HEOIArOmpHATHBIM HUCXOJ0M
PI'TI xapakTepu3ytoT HapylIeHUs B COOTHOUICHUU CYyOMOIYJISIIITUIOHHOTO COCTaBa U
MexaHu3Max (YHKIIMOHUPOBAHUSA JaHHOW (paKIUM KIETOK, UYTO OMNpEeesseT
HEO0OXOJAMMOCTh Pa3padOTKU MMMYHOTEPANEBTUUECKUX METOJI0B, HAIPABICHHBIX

Ha CTUMYJISILIMIO UMMYHOPETYJISATOPHOM akTUBHOCTA NKT-Ki1eToK.

KawueBble caoBa: neputonut; NKT-kmerku; ¢eHorun; wucxon

3a00JIeBaHMUS; TIOCeonepalmonHbii nepuoa, CD3-CD56"

Abstract

The aim of our study was to investigate the main characteristics of peripheral
blood NKT cell phenotype in patients with disseminated purulent peritonitis (DPP)
in dynamics of postoperative period, depending on the disease outcome. Fifty-two
patients with acute surgical diseases and injuries of the abdominal organs
complicated by DPP, and 68 healthy individuals in control group, were examined.
Blood sampling was performed before surgery (preoperative period), as well as on
the day 7, 14 and 21 of postoperative period. All patients with DPP were divided
into two groups depending on disease outcome in postoperative period: patients with
favorable disease outcome (n = 34); and patients with unfavorable outcome (n = 18).
Study of the phenotype of blood NKT lymphocytes was performed by flow

cytometry using direct immunofluorescence of whole peripheral blood samples with



monoclonal antibodies. The low relative and absolute level of NKT cells was
observed in DPP patients regardless of outcome disease in preoperative period. At
the same time, the absolute level of NKT cells returned to normal only in patients
with favorable DPP outcome and only by day 21 after surgery. Patients with
favorable DPP outcome by the end of examination period had normalized quantity
of mature NKT-lymphocytes and significantly decreased level of cytotoxic cells
which was apparently associated with migration of such cell subsets to site of
inflammation. A reduced level of non-classical (expressing CD8 marker) mature and
cytokine-producing NKT cells was detected only in patients with favorable DPP
outcome in preoperative period which returned to normal by the end of postoperative
period. At the same time, patients with unfavorable disease outcome had reduced
quantity of NKT cells of these subsets by day 21 of postoperative treatment. Patients
with favorable outcome had high level of mature and cytotoxic CD11b*™ NKT cells
already in the preoperative period, while patients with unfavorable DPP outcome
had increased level of cytotoxic CD11b* NKT cells only by day 21 after surgery.
The proportion of NKT cells expressing activation markers (CD28 and CD57) was
reduced in patients in preoperative period that returned to normal immediately after
surgery with favorable outcome, while it recovered with unfavorable outcome closer
to the end of postoperative examination. The defined features of NKT cell phenotype
in patients with unfavorable DPP outcome characterize disturbances in subset ratio
and mechanisms of functioning of this cell fraction. This determines a need to
develop immunotherapeutic methods aimed at stimulating immunoregulatory

activity of NKT cells.

Keywords: peritonitis; NKT cells; phenotype; disease outcome;

postoperative period, CD3 CD56"
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Introduction

Disseminated purulent peritonitis (DPP) remains one of the unsolved
problems of modern abdominal surgery due to high morbidity and mortality. The
disease is a complication of a number of surgical diseases or abdominal injuries
(acute appendicitis, perforated gastric and duodenal ulcer, acute gangrenous
cholecystitis, pancreatic necrosis, perforation of hollow organs, their damage during
trauma, etc.) in the vast majority of cases [22, 27, 28]. Mortality in DPP is about 20-
30%, reaching the highest figures in the development of multiple organ failure and
septic shock, the prevention and relief of which are key in the treatment of peritonitis
[33, 34].

It has been proven that the course of the infectious process in the abdominal
cavity, and the nature and characteristics of the development of purulent
postoperative complications, are determined not only by the severity of the
underlying disease, and the adequacy of the surgical intervention performed and the
completeness of the intensive care, but also by the functional state of the immune
system [3, 19, 24]. Yang et al. (2022) reported that patients with spontaneous
bacterial peritonitis had IL-13 overexpression in their ascites and a reduced
functional activity of CD8" T cells [41]. There is evidence that an increased level of
macrophage mannose receptor (CD206) expression on peritoneal macrophages was
associated with an increased risk of an adverse outcome of peritonitis [38].
Previously, we found that the number of ‘naive’ B lymphocytes and B2 cells non-
expressing and expressing CD23 in patients with an unfavorable outcome of DPP
was higher than in patients with a favorable outcome of this disease [2]. Violations
of the mechanisms of the respiratory burst of neutrophils as well as a decrease in
their phagocytic activity, and the level of TNF-a synthesis in patients with DPP,
were previously identified and presented in a number of publications [5, 21].

Natural killer T cells (NKT) are defined as a heterogeneous subset of T
lymphocytes with a CD3"CD16/56" phenotype, i.e. they combine the phenotypic
characteristics of T and NK cells [11, 40]. Accordingly, the functional activity of
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NKT cells is realized in various mechanisms of the immune response, realizing the
relationship between natural resistance and adaptive immunity. This lymphocyte
subset is involved in the mechanisms of antiviral and antiparasitic protection, and
also secreted different immunoregulatory cytokines in the site of inflammation [1,
10, 12]. In addition, NKT cells are able to stimulate and inhibit antitumor immune
responses [9, 39].

Semi-invariant af-TCR expressed by NKT cells could recognize o-
glycuronylceramides (one of the main components of gram-negative bacteria cell
wall) that led to the formation of a complex of antimicrobial functions including
those mediated by the induction of CD40L and pronounced stimulation of Th1l and
Th2 lymphocytes [10, 16]. Therefore, NKT cells are also involved in immune-
inflammatory processes development. For instance, Nilsson et al. demonstrated that
NKT cell cytokine profile switching regulated liver sterile inflammation [31]. It was
shown that NKT cells made a significant contribution to mucosal immunity
regulation by intestinal homeostasis controlling and participating in the development
of inflammatory diseases of the abdominal cavity [11].

Thus, the aim of our investigation was to study the characteristics of NKT cell
phenotype in patients with DPP in the dynamics of the postoperative period in

depending on the outcome of the disease.

Materials and Methods

Study participants. Fifty-two patients with acute surgical diseases and
injuries of the abdominal organs complicated by DPP aged 25-65 years (the mean
age of the patients was 49.6 years) who were treated at the Krasnoyarsk regional
purulent-septic center at the Regional Clinical Hospital were examined. Exclusion
criteria from the study were the presence of acute destructive pancreatitis (pancreatic
necrosis), total mesenteric thrombosis, oncological diseases and tuberculosis. The
volume of surgical intervention and the number of sanations were determined by the
attending physician depending on the patient's condition. Blood sampling was

performed before the surgery (preoperative period) as well as on the 7th, 14th and
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21st days of the postoperative period. All patients were divided into two groups
depending on the outcome of peritonitis in the postoperative period: group 1 —
patients with a favorable outcome of the disease (n=34); and group 2 — patients with
an unfavorable outcome (n=18). Sixty-eight healthy people were examined as a
control group.

All studies were performed with the informed consent of the patients and in
accordance with the Helsinki Declaration of the World Association 'Ethical
Principles Of Scientific Medical Research Involving Humans' as amended in 2013
and 'Rules Of Clinical Practice In The Russian Federation' approved by the Order of
the Russian Ministry of Health (19.06.2003, No. 266).

Flow cytometry. Study of the phenotype of NKT cells was performed by flow
cytometry using direct immunofluorescence of whole peripheral blood with
monoclonal antibodies (Beckman Coulter, USA). The preparation of blood samples
and the adjustment of the flow cytometer were carried out in accordance with the
recommendations presented in the article by Khaidukov et al. [7]. The distribution
of antibodies along the fluorescence channels was carried out in accordance with the
principles of panel formation for multicolor cytofluorometric studies [4].
Immunophenotyping of cells was performed by staining 200 ul of whole EDTA-
stabilized blood with the following combination of fluorochrome-conjugated
monoclonal antibodies: anti-CD3 Alexa Fluor 700 (clone UCHT1, isotype — Mouse
IgG1), anti-CD8 Allophycocyanin (clone B9.11, isotype — Mouse IgG1l), anti-
CD11b Phycoerythrin-Texas Red-X (clone J33, isotype — Mouse 1gG1), anti-CD16
Phycoerythrin-Cyanin 7 (clone 3G8, isotype — Mouse 1gGl), anti-CD28
Phycoerythrin (clone CD28.2, isotype — Mouse 1gG1), anti-CD45 Alexa Fluor 750
(clone J33, isotype — Mouse 1gG1l), anti-CD56 Phycoerythrin-Cyanine 5.5 (clone
N901, isotype — Mouse 1gG1), and anti-CD57 Fluorescein Isothiocyanate (clone
NC1, isotype — Mouse IgM).

Incubation of blood samples with antibodies was carried out for 15 min at
room temperature and in the dark. Lysis of erythrocytes was carried out for 15 min
using 2 ml of VersaLyse Lysing Solution (Beckman Coulter, Inc., USA) with the
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addition of 50 ul of IOTest 3 Fixative Solution (Beckman Coulter, Inc., USA).
Stained cells were analyzed on a Navios flow cytometer (Beckman Coulter, Inc.,
USA) of the Krasnoyarsk Regional Center of Research Equipment of Federal
Research Center 'Krasnoyarsk Science Center SB RAS'. At least 50000 lymphocytes
were analyzed for each blood sample. The obtained data were analyzed using the
Kaluza software package (Beckman Coulter, Inc., USA).

Statistical analysis. The results were presented using the median (Me) and
interquartile range as 25™ (Q:) and 75" (Qs) percentiles. The significance of
differences between the indicators of independent samples was assessed using the
nonparametric Mann-Whitney test (Mann-Whitney U test). The significance of
differences in indicators in the dynamics of treatment was determined by the
Wilcoxon test (Wilcoxon matched pairs test). Friedman's rank analysis of variance
(Friedman ANOVA by Ranks) was also used to assess changes in the studied
parameters in the dynamics of postoperative treatment. Statistical analysis was carried
out using the Statistica 8.0 software package (StatSoft Inc., USA, 2007).

Results

We noticed that the absolute and relative numbers of NKT cell were decreased
in patients in the preoperative period with a favorable outcome of DPP if compared
to healthy controls, and this was mainly due to cells with CD3"CD16*CD56" and
CD3'CD16CD56" phenotypes (Table 1). The absolute number of NKT
lymphocytes in patients with a favorable outcome of DPP remained reduced in
compared to control values on the 7th day after surgery. An increase in
CD3"CD16°CD56" cells levels if compared with the initial time point was also
found, and this content remained until the end of the observed period.

Moreover, the consistent increase of CD3"CD16-CD56" cells frequency was
also confirmed by the results of Friedman ANOVA test: ¥°=13,08, p=0,004. The
absolute number of NKT cells in patients with a favorable outcome of DPP remained

on the 14th day of postoperative treatment, but with a decrease in the percentage of
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CD3*CD16"CD56" cells vs. control group. Patients with a favorable outcome of
peritonitis showed a normalization of the absolute number of circulating NKT cells
and a reduced percentages of CD3"CD16"CD56 cells if compared to control values
by the end of the observed period.

We found that the level of CD8-expressing NKT cells was altered in patients
with a favorable outcome of DPP (Table 2). Thus, the percentage of peripheral blood
CD3*CD8*CD16*CD56", CD3*CD8*CD16*CD56- and CD3*CD8"CD16 CD56*
cells was reduced in this group of patients even in the preoperative period if
compared to healthy controls. The relative number of NKT cells with
CD3"CD8*CD16"CD56™ phenotype in patients with a favorable outcome of the
disease was increased vs. control ranges on the 7th day after surgery, and it reached
its maximum Dby the end of the observed period. The percentage of
CD3"CD8'CD16"CD56 cells in patients of this group increased if compared to
control values on the 7th day after surgery, but it decreased again at 14th day point
and remained at the initial level until the end of the observed period. The frequency
of CD3"CD8'CD16 CD56" NKT cells was reduced on the 7th day post-surgery,
their number was increased vs. control values on the 14th day of treatment, and
reached its maximum by the end of the observed period. The sequence of changes
in the content of NKT cells with this phenotype was also confirmed using the
Friedman ANOVA test (x%=9.60, p=0.022).

Next, we investigated the expression of cell adhesion molecules and activation
markers by peripheral blood NKT cells (Table 3). We found increased levels of
CD3*CD16*CD56*CD11b* and CD3*CD16*CD56 CD11b* NKT cells in blood
samples from DPP patients with a favorable outcome in compared to controls, while
the frequencies of CD28- and CD57 expressing NKT cells were decreased (Table
3). Moreover, CD3*CD16"CD56"CD11b* cells in patients of this group were
decreased if compared to control values from the 14th day, while the number of
CD3*CD16"CD56 CD11b" cells remained elevated by end of our observed period.
The number of CD3"CD16"CD56"CD11b* NKT cells in the current patients group
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increased significantly vs. healthy controls only at the end of the observation period,
that was also confirmed by the Friedman ANOVA test (3?=12.60, p=0.006). The
percentage of NKT cells expressing CD28 and CD57 increased from the beginning
of postoperative treatment and remained at the control levels until the end of the
examination period.

The percentage of NKT cells in the blood of patients with DPP with an
unfavorable outcome of the disease was reduced vs. control levels before the
surgery, while their relative number restored after the surgery (Table 4). However,
the absolute number of NKT cells in patients of this group was reduced in
preoperative and postoperative periods if compared to control group. The percentage
of CD3"CD16"CD56" NKT cells in patients with an unfavorable outcome of DPP
corresponded to the control values in the preoperative period and within 14 days of
subsequent treatment, but it decreased by the end of the observed period. The level
of CD3"CD16"CD56™ cells in patients of this group also corresponded to the control
values in the preoperative period, while it significantly increased by the 7th and 14th
days of observation. Moreover, it returned to initial ranges by the 21st day of
postoperative treatment. At the same time, the percentage of CD3"CD16 CD56"
NKT cells in patients with an unfavorable outcome of DPP was reduced in the
preoperative period, but it reached the control values on the 14th day of
postoperative treatment, and then decreased by the end observed period if compared
to healthy controls.

The relative numbers of peripheral blood CD3"CD8'CD16*CD56" and
CD3"CD8*CD16"CD56™ cells in patients with an unfavorable outcome of DPP in
the preoperative period corresponded to the control values (Table 5). The
frequencies of CD3"CD8'CD167CD56" cells were increased by the 7th day after the
surgery, but it significantly decreased by the end of the observed period if compared
to controls. The level of CD3"CD8'CD16"CD56~ cells was increased if compared
to control values on the 7th and 14th days of postoperative treatment, but their

number decreased to the initial range by the end of the observed period. The
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percentage of CD3"CD8'CD16 CD56" cells in patients with an unfavorable
outcome of the disease was reduced in the preoperative period, it increased to control
values on the 7th and 14th days of treatment, but, finally, it was decreased by the
end of the observed period if compared to controls.

The percentage of circulating CD3*CD16"CD56"CD11b* cells in patients
with an unfavorable outcome of DPP in the pre- and postoperative period
corresponded to the control range, while the level of CD3*CD16 CD56"CD11b*
cells during the entire examination period exceeded the control values (Table 6). The
levels of CD3"CD16"CD56 " CD11b* NKT cells in patients of this group in the
preoperative period showed no differences with control values. However, the level
of this cell subset decreased on the 7th day after the surgery, but then increased by
the end of the observed period if compared to healthy controls and initial ranges.

The relative numbers of CD28-expressing NKT cells in patients with an
unfavorable outcome of the disease were reduced compared to control values in the
preoperative period and on the 7th day of the postoperative period, but they reached
the control values by the end of the observed period significantly exceeding the
initial level. Similarly, CD57-positive NKT cells in this group of patients were
reduced in the preoperative period and during the first 14 days of postoperative
treatment, but they increased to control values by the end of the observed period.

Differences in NKT cells content were found between patients with favorable
and unfavorable outcomes of DPP (Tables 1, 4). Thus, the percentages of
CD3"CD16"CD56" cells were increased in patients with an unfavorable outcome of
the disease on the 7th day after surgery (p=0.045), the level of CD3"CD16"CD56~
cells was increased on the 14th day (p=0.014), and the relative content of
CD3*"CD16°CD56" cells were reduced on the 21st day after surgery (»<0.001) if
compared to patients with a favorable outcome of DPP. Additionally, the frequencies
of circulating CD3"CD8"CD16"CD56" cells were increased in the case of an

unfavorable outcome of DPP during the preoperative period (»p=0.025), and the level
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of CD3"CD8'CD16 CD56" NKT cells was reduced if compared (p=0.043) to
patients with a favorable outcome of the disease (Tables 2, 5).

At the same time, an increased level of CD3"CD8*CD16*CD56" cells in
patients with an unfavorable outcome persisted on the 7th day after surgery
(p=0.048), while a decrease in this NKT cell subset (p=0.008) was observed at 21st
day of postoperative treatment if compared to patients with a favorable outcome of
DPP. The percentage of CD3*CD8'CD16 CD56" cells in patients with an
unfavorable outcome also remained lower at the end of the observed period vs.
patients with a favorable outcome of DPP (p<0.001). The relative numbers of
CD3"CD8"CD16"CD56 cells in the blood of patients with an unfavorable outcome
of DPP on the 7th and 14th days after surgery were also increased (p=0.017 and
p<0.001, respectively).

Finally, the percentages of CD3"CD16"CD56"CD11b* cells in patients with
an unfavorable outcome of DPP on the 7th and 21st days of postoperative treatment
were reduced vs. patients with a favorable outcome (p=0.003 and p=0.044,
respectively) (Tables 3, 6). Similarly, the levels of CD3*CD16"CD56 CD11b" NKT
cells were reduced on the 7th and 14th days of postoperative treatment vs. patients
with an unfavorable outcome (p<0.001 and p=0.002, respectively). An increase in
relative numbers of CD3"CD16 " CD56"CD11b" cells in patients with an unfavorable
outcome vs. patients with a favorable outcome were observed only in the
preoperative period (p=0.002). In addition, CD28" NKT cells were reduced in
patients with an unfavorable outcome of DPP in the preoperative period and on the
7th day after surgery (p=0.020 and p=0.028, respectively), and the numbers of
CD57* NKT cells were reduced during the entire observation period (p=0.043,
p=0.007, p=0.046 and p=0.039, respectively) relative to the indicators found in
patients with a favorable course of this infectious and inflammatory disease.

Discussion
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The functional activity of NKT cells is realized through -effector
(perforin/granzyme and/or FasL-mediated) mechanisms and regulatory (cytokine
production) providing the relationship between innate and adaptive immunity [6, 12,
40]. The subset composition of NKT cells is determined by CD16 and CD56 receptor
expression. The CD16 is a low affinity immunoglobulin G receptor (FcyRIII) that is
non-covalently bound to the CD3( molecule on the NKT cell membrane [17, 18].
CD56 (NCAM, Leu-19, NKH-1) is an immunoglobulin superfamily adhesion
molecule that takes part in intercellular interaction [8, 23]. Mature NKT cells express
both markers. Cells that exhibit CD16*CD56~ phenotype are defined as cytotoxic
cells, while NKT cells with CD16"CD56" phenotype are defined as cytokine-
producing cells [15, 35].

In general, the relative and absolute numbers of NKT cells in the peripheral
blood of patients with DPP were reduced in the preoperative period, regardless of
the outcome of the disease. Moreover, if their percentage was restored already on
the 7th day after the surgery then the reduced absolute level of this fraction of
lymphocytes remained in the postoperative period. Only patients with a favorable
outcome of the disease by the end of the observed period (on the 21st day after
surgery) had increased percentages of NKT cells similar to control ranges. A feature
of the dynamics of the number of NKT cells in the blood in patients with a favorable
outcome of DPP was that the reduced level of cells was associated with a low content
of mature and cytokine-producing NKT cells in the preoperative period, while their
number was restored to control values by the end of the observed period and the
number of cytotoxic NKT cells decreased. Patients with an unfavorable outcome of
DPP in the preoperative period had a low level of NKT cells which was determined
by a reduced content of cytokine-producing cells. The low level of cytokine-
producing and mature NKT cells was also observed in patients of this group on the
21st day of postoperative treatment.

NKT cells expressing the CD8 marker are part of type Il NKT cells (non-
classical, non-invariant) [1, 32]. This cell fraction recognizes a wider range of
antigenic molecules (compared to type I NKT cells), synthesizes cytokines that
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induce differentiation of Thl- and Th2-lymphocytes but also implement
immunosuppressive functions [1, 14, 36]. In particular, type Il NKT cells can
stimulate the functional activity of myeloid suppressor cells, able to kill antigen-
prescribing dendritic cells and to inhibit the functional activity of cytotoxic CD8* T
cells through the induction of TGF- expression [29, 30].

The content of mature, cytotoxic and cytokine-producing fractions of NKT
cells with CD8 expression was reduced in the blood of patients with DPP with a
favorable outcome of the disease in the preoperative period compared with control
values. However, the level of mature and cytokine-producing CD8*NKT cells
recovered to the control range by the end of the observed period (on the 21st day
after the surgery). At the same time, a decrease in the content of only cytokine-
producing CD8" NKT cells was found in the examined patients with an unfavorable
outcome of DPP in the preoperative period relative to the control range and values
detected with a favorable outcome; the level of mature CD8" NKT cells even
exceeded that detected in case of a favorable outcome of the disease. However, the
number of all studied fractions of CD8*NKT cells was significantly reduced
compared to control values by the 21st day of postoperative treatment.

The CD11b receptor is a type I glycoprotein defined as a subunit of the aM
integrin and forms the Mac-1 integrin in complex with the CD18 molecule
(CD11b/CD18) [25, 26]. Expression of this marker on the membrane of NKT cells
increases the level of effector and migratory activity. An increased numbers of
CD11b-expressing mature NKT cells were found in patients with a favorable
outcome of DPP in the preoperative period, their content returned to normal by day
21, while the content of CD11b" cytotoxic NKT cells in the pre- and postoperative
period remained elevated. In addition, the level of cytokine-producing CD11b* NKT
cells in individuals of this group increased towards the end of the observed period.
The patients with an unfavorable outcome of the disease had a lower content of
mature CD11b* NKT cells by the 21st day of the postoperative period compared
with the control values and the level of these cells with a favorable outcome of

peritonitis. In addition, the content of cytotoxic NKT cells significantly increased in
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patients with an unfavorable outcome only at the end of the observed period, while
the level of cytokine-producing CD11b* NKT cells was increased throughout the
entire period of the study.

Also, the content of NKT cells expressing activation markers CD28 and CD57
was studied in patients with DPP in depending on the outcome of the disease. The
CD28 antigen (Tp44) belongs to the immunoglobulin superfamily and is involved
in the enhancement of T-cell receptor signals, which determines its role in the
regulation of adaptive immunity [13, 20]. Blockade of CD28 on the membrane of
NKT cells completely suppressed cytokine production [37]. CD57 receptor (Leu-7,
HNK-1, NK-1) was defined as an oligosaccharide with sulfated glucuronic acid
residues which is expressed on membrane proteins, lipids, and proteoglycans, and
its expression level is associated with the accumulation of perforin and granzyme B
in the cytolytic killer granules cells [14, 32].

The frequencies of CD28" and CD57* NKT cells in the preoperative period
was reduced relative to the control values in patients with a favorable outcome of
DPP in the preoperative period. However, their number returned to normal
immediately after the surgery and remained at the level of the control range until the
end of the observed period. At the same time, patients with an unfavorable outcome
of peritonitis had low levels of CD28" and CD57* NKT cells in the preoperative
period which increased to control values only by the end of the observed period.

In general, it can be concluded that the systemic inflammatory response in
DPP patients with an unfavorable outcome of the disease in the postoperative period
was characterized by a violation of the ratio of the subset composition of NKT cells
with a low level of non-classical NKT cells by the end of the observed period (day
21 after surgery) and a pronounced change in the cell content expressing adhesion

and activation markers.

Conclusion
Thus, significant differences in the phenotype of peripheral blood NKT cells

were found between patients with different outcome of DPP. The low relative and
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absolute levels of NKT cells were observed all patients with DPP regardless of the
disease outcome in the preoperative period. At the same time, the absolute level of
NKT cells returned to normal values only in patients with a favorable outcome of
DPP post 21 days after the surgery. The content of mature NKT lymphocytes was
normalized in the peripheral blood of patients with a favorable outcome of DPP by
the end of the examination period. The number of cytotoxic cells in the blood of
these patients significantly decreased by the 21st day of the examination which is
apparently determined by their migration to the area of inflammation. At the same
time, patients of this group had the level of cytokine-producing cells at the level of
the control range during the entire postoperative period.

Conversely, the level of mature and cytokine-producing NKT cells was
reduced in the blood of patients with an unfavorable outcome of DPP by the 21st
day of the postoperative period. A reduced level of non-classical (expressing the
CD8 marker) mature and cytokine-producing NKT cells was detected only in
patients with a favorable outcome of DPP in the preoperative period which returned
to normal by the end of the postoperative period. At the same time, patients with an
unfavorable outcome of the disease had a reduced number of NKT cells of these
subsets by the 21st day of postoperative treatment. It can be assumed that a high
level of systemic inflammatory response in the postoperative period in patients of
this category was associated with a lack of regulatory processes in the immune
system including a low level of non-classical NKT cells.

In addition, it was found that a high level of NKT cells (compared to control
values) expressing the CD11b receptor was observed in patients with DPP during
the entire period of the study. However, only patients with a favorable outcome of
the disease had a high level of mature and cytotoxic CD11b* NKT cells already in
the preoperative period, while an increased content of cytotoxic CD11b* NKT cells
was found in patients with an unfavorable outcome of peritonitis only by the 21st
day after surgery. The content of NKT cells expressing activation markers (CD28,
CD57) was reduced in patients in the preoperative period; it returned to normal with

a favorable outcome immediately after surgery while patients with an unfavorable
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outcome had a recovery of these cell fractions towards the end of the postoperative
examination. The established features of the phenotype of NKT cells in patients with
an unfavorable outcome of DPP characterize disturbances in the ratio of the subset
composition and the mechanisms of functioning of this cell fraction. This determines
the need to develop immunotherapeutic methods aimed at stimulating the

immunoregulatory activity of NKT cells.



TABJIMIbI

Table 1. Content of blood NKT cells in patients with a favorable DPP outcome in the dynamics of the postoperative period (Me,

Q1 — Q)

Control Preoperative 7 days after 14 days after 21 days after
Parameters period surgery surgery surgery
n=68 n=34 n=34 n=34 n=34
3.51 1.90 3.31 2.84 3.50
CD3*CD16/56%, % 1.98 - 6.90 1.19 - 3.29 2.19-7.12 2.31-4.45 3.13-551
p1=0.011
0.07 0.02 0.03 0.03 0.08
CD3*CD16/56*, 10%I 0.04 -0.19 0.007 - 0.03 0.02-0.04 0.01-0.05 0.05-0.14
p1=0.007 p1=0.039 p1=0.039 p2=0.043
0.73 0.37 0.70 0.39 0.67
CD3*CD16*CD56%, % 0.43-1.25 0.23-0.69 0.37-1.00 0.19-0.69 043-1.01
p1=0.029 p1=0.035
0.87 0.85 1.15 0.70 0.39
0.56 — 1.06 0.60 —1.80 0.92-1.55 051-1.25 0.28 - 0.49
CD3"CD16"CD56-, % p1=0.023
p2=0.021
p3=0.014
1.93 0.59 1.50 1.80 2.29
CD3*CD16 CD56", % 1.29 — 2.67 0.35-1.60 0.70-2.91 0.50 -241 1.93 -2.90
p1=0.004 p2=0.045 p2=0.048 p2<0.001

Note: p1 — statistically significant differences versus controls; p, — statistically significant differences versus patients with DPP
before surgery; ps — statistically significant differences versus 7 days after surgery patients.




Table 2. Subsets of NKT cells with CD8 expression in patients with a favorable DPP outcome in the dynamics of the

postoperative period (Me, Q1 — Q3)

Control Preoperative 7 days after 14 days after 21 days after
Parameters period surgery surgery surgery
n=68 n=34 n=34 n=34 n=34
0.55 0.24 0.60 0.42 0.63
CD3"CD8'CD16"CD56", % 0.33-0.87 0.14-0.43 0.31-0.75 0.21-0.70 0.38 —1.02
p1=0.018 p2=0.037
0.18 0.05 0.13 0.04 0.06
0.12-0.22 0.03-0.11 0.11-0.19 0.02 - 0.06 0.03 - 0.07
CD3"CD8'CD16"CD56-, %
p1<0.001 p1<0.001 p1<0.001
p3=0.046
1.60 0.60 0.75 1.30 1.60
CD3"CD8'CD16 CD56", % 1.14 -2.22 0.36 —1.25 0.34-1.49 0.30-1.72 1.35-2.10
p1=0.005 p1=0.040 p2=0.043

Note: p; — statistically significant differences versus controls; p, — statistically significant differences versus patients with DPP

before surgery; ps — statistically significant differences versus 7 days after surgery patients.




Table 3. Content of NKT cells expressing activation and adhesion markers in patients with a favorable DPP outcome in the

dynamics of the postoperative period (Me, Q1 — Qs)

Control Preoperative 7 days after 14 days after 21 days after
Parameters period surgery surgery surgery
n=68 n=34 n=34 n=34 n=34
0.012 0.043 0.059 0.031 0.030
CD3"CD16"CD56"CD11b*, % | 0.003 —0.041 0.017 —0.074 0.028 - 0.114 0.014 - 0.049 0.005 -0.110
p1=0035 p1=0030 p3=0041
0.022 0.043 0.059 0.039 0.061
CD3"CD16*CD56CD11b", % | 0.011 -0.029 0.022 - 0.059 0.040 - 0.310 0.021 -0.113 0.022 - 0.153
p1=0.047 p1=0.023 p1=0.045
0.132 0.369 0.509 0.389 0.680
CD3"CD16CD56'CD11b*, % | 0.089 —0.789 0.249 — 0.609 0.439 —0.989 0.219 - 0.690 0.556 —1.170
p1=0.041
1.50 0.89 1.46 0.90 1.00
CD3"CD16/56*CD28", % 0.83 -3.20 0.49-1.59 0.58 —3.21 0.60 — 2.70 0.54 — 4.43
p1=0.044 p2=0.047
1.32 0.96 1.20 1.34 1.40
CD3"CD16/56*CD57*, % 0.22 -2.32 0.66 — 1.69 0.70—2.18 0.71-1.72 1.13-1.83
p1=0.045

Note: p1 — statistically significant differences versus controls; p, — statistically significant differences versus patients with DPP

before surgery; ps — statistically significant differences versus 7 days after surgery patients.




Table 4. Content of blood NKT cells in patients with an unfavorable DPP outcome in the dynamics of the postoperative period

(Me' Ql - Q3)
Control Preoperative 7 days after 14 days after 21 days after
Parameters period surgery surgery surgery
n=68 n=18 n=18 n=18 n=18
3.51 2.09 3.47 3.89 2.30
CD3*CD16/56%, % 1.98 -6.90 1.36 — 2.69 1.34 - 5,53 0.67 —5.70 1.43 -4.88
p1=0.025
0.07 0.02 0.02 0.02 0.03
CD3*CD16/56*, 1091 0.04-10.19 0.01-0.03 0.01-0.04 0.01-0.05 0.01-0.06
p1<0.001 p1=0.004 p1=0.021 p1=0.045
0.73 0.60 0.85 0.48 0.39
CD3'CD16CD56", % 0.43-1.25 0.15-1.30 0.76 — 1.79 0.41-0.95 0.2Fi— 0.53
p1=0.043
p3=0.038
0.87 0.75 1.50 1.37 0.65
N . _ 0.56 — 1.06 0.37 -1.40 1.28 — 3.45 1.00 - 2.15 0.34-1.10
CD3"CD16"CD567, % $1<0.001 $1=0.034
p2=0.029
1.93 0.69 1.19 2.25 1.14
N _ . 1.29 — 2.67 0.25-1.42 0.93-1.32 1.30 - 3.65 0.82 —1.37
CD3CD167CDS6", % p1=0.010 p1=0.041 p2=0.044 p1=0.040

ps=0.047




Note: p; — statistically significant differences versus controls; p, — statistically significant differences versus patients with DPP
before surgery; ps — statistically significant differences versus 7 days after surgery patients, ps — statistically significant differences

versus 14 days after surgery patients.

Table 5. Subsets of NKT cells with CD8 expression in patients with an unfavorable DPP outcome in the dynamics of the

postoperative period (Me, Q1 — Q3)

Control Preoperative 7 days after 14 days after 21 days after
Parameters period surgery surgery surgery
n=68 n=18 n=18 n=18 n=18
0.55 0.56 0.84 0.39 0.29
0.33-0.87 0.14-1.30 0.75-1.79 0.20-0.89 0.10-0.39
CD3"CD8'CD16"CD56™", %
p1=0.043 p3=0.040 p1=0.040
p3=0.008
0.18 0.10 0.60 0.70 0.13
CD3"CD8'CD16"CD56-, % 0.12-0.22 0.06 — 0.90 0.14-1.28 0.32-1.08 0.05-0.49
p1=0.044 p1<0.001 p4=0.027
1.60 0.19 0.79 0.83 0.64
CD3*CD8*CD16 CD56*, % 1.14 -2.22 0.07 - 0.87 0.30 — 2.09 0.49-1.85 0.19-0.71
p1<0.001 p2=0.047 p1<0.001




Note: p; — statistically significant differences versus controls; p, — statistically significant differences versus patients with DPP
before surgery; ps — statistically significant differences versus 7 days after surgery patients, ps — statistically significant differences
versus 14 days after surgery patients.

Table 6. Content of NKT cells expressing activation and adhesion markers in patients with an unfavorable DPP outcome in the

dynamics of the postoperative period (Me, Q; — Qs)

Control Preoperative 7 days after 14 days after 21 days after
Parameters period surgery surgery surgery
n=68 n=18 n=18 n=18 n=18
N . . N 0.012 0.033 0.017 0.045 0.006
CD3'CDI6"CDS6"CD11DY, % 0.003 — 0.041 0.006 — 0.174 0.006 — 0.029 0.019 — 0.095 0.004 — 0.029
0.022 0.017 0.007 0.010 0.074
N . _ . 0.011 -0.029 0.006 — 0.104 0.003 - 0.008 0.004 — 0.025 0.069 — 0.084
CD3"CD16*CD56CD11b", % p1<0.001 p12.3<0.001
p4:0.014
0.132 1.079 0.812 0.640 0.993
CD3"CD16 CD56'CD11b*, % | 0.089 —0.789 0.623 — 1.205 0.225 — 2.550 0.210 - 1.374 0.337 — 2.260
p1=0.024 p1=0.037 p1=0.046 p1=0.018
1.50 0.34 0.56 1.40 1.90
CD3"CD16/56*CD28", % 0.83-3.20 0.16 —1.14 0.41-1.29 0.30-2.71 1.00 - 2.35
p1=0.006 p1=0.016 p2=0.045
1.32 0.59 0.20 0.49 1.00
CD3"CD16/56*CD57", % 0.22 -2.32 0.04 -0.85 0.03-1.00 0.04-1.09 0.20-1.11
p1=0.011 p1=0.031 p1=0.038




Note: p; — statistically significant differences versus controls; p, — statistically significant differences versus patients with DPP
before surgery; ps — statistically significant differences versus 7 days after surgery patients; p4 — statistically significant differences
versus 14 days after surgery patients.
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