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Pesome. XpoHuueckue BOCTAJIMTENIbHbIE 3a00JjieBaHUsI OopraHoB Mayioro taza (XB3OMT) y >KeHIIUH
OCTAlOTCSI OCHOBHOM MPOOJIEMOM B CTPYKTYpe TMHEKOJOTMIYECKUX 3a00JIeBaHUI BBUIY 3HAYMMOCTH MEIM-
LIMHCKUX U COLIMaTIbHO-3KOHOMUYECKUX TtocenacTBuii. TeueHue u ucxoa XB3OMT 3aBUCAT OT COCTOSTHUS
WUMMYHHOI CHCTeMBI. AKTyaJIbHBIM TIPEACTABIISICTCS M3YyYCHHE PELCIITOPHOIO ammapara HeHTpo(MIbHBIX
rpanynounToB (HI'), yaacTByOImMX B IIpOTUBOMHMEKIITMOHHOM 3aIIUTE TP 3a00ICBaHUSIX Pa3INIHON 3T -
ojjoruu. Llenb: yTOYHUTHE OCOOEHHOCTH BapMaHTOB KOJIUYECTBEHHBIX U (PEHOTUIUICCKUX N3MEHEHU Cy0-
nonynsuuiit HI' CD11b"CD64-CD32"CD16", CD11b"CD64"CD32"CD16" "MMYyHOKOMIIPOMETUPOBAHHBIX
XKeHIIUH B riepuoa oboctpenrst XB3OMT paznuunHoii atnonorun. Tectuposanu HI nepudepuyeckoii Kpo-
Bu 70 xxeHunH 20-40 net: rpynma ucciaenoBanus 1 ('M1) — 20 ”MMYHOKOMIIPOMETUPOBAHHBIX XKEHIIUH B
nepuona oboctpeHusi XB3OMT ¢ MOHO- MM MUKCT-JATEHTHBIMU WU PELUMAUBUPYIOIIMMU PA3TAYHBIMUA
BUPYCHBIMU MHMEKIUSIMU (XpOHUYECKHE Teprec-BUPYCHbIe MHMEKIIMU, ManusIoMaBUpycHast MHMEKIIS,
pekyppeHtHble OPBI); rpynna uccaepoBanus 2 (F'M2) — 30 uMMYyHOKOMIOPOMETUPOBAHHBIX XXEHIIUH C
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XB3OMT GakTepuaibHOM 3TUOJIOTUH; TPYIIIa cpaBHEHUS — 20 yCIOBHO-300POBBIX KeHIIIUH. MeToaoM npo-
touHoi uutoMeTpuun (CYTOMICS FC500, CIIIA) onpeaensiiu KoaudectBo HI' 1 ypoBeHb aKcnipeccuu pe-
nenTopos cyonomnyisaunii CD11b"CD64-CD32*CDI16"HTI' (maxopnoit) 1 CD11b*CD64*CD32*CD16"HT
(MUHOpPHOI1). YCTaHOBJIEHO, YTO Y UMMYHOKOMIIPOMETUPOBAHHbBIX 3KeHIIUMH ¢ XB3OMT B nepuon odbocTpe-
HUS BBISIBJICHBI TMarHOCTUYECKU 3HAUYMMBbIC pa3ianuus B cyoromyasiinoHHoM coctaBe HIL Tlpu XB3OMT
GakrepuaiabHoii aTnoaoruu (I'M2) cumxenune cyononyssiuun CD11b*CD64-CD32*CD16"HI' u yBenuye-
Hue B 7,6 pa3 cyonomnyasuuu CD11b*CD647CD32*CD16"HI” B oriimune or XB3OMT, niporekaromux B
COYETaHUU C PELUIUBUPYIOLIEH Unn nepcuctupytoilein BupycHoi nngexuueit (I'M1). HeratuBHasg TpaHc-
dbopmanms cyononynsiinit HI' cBsizaHa ¢ ipenMyIiieCTBEHHBIM CHUKEHUEM YPOBHSI 9KCTIPECCUU aKTUBAIIM -
onHoro CD16. BbIsiBIeHO OTCYTCTBHE aIeKBaTHOI'O OTBETA Ha BOCITAJIEHUE — OTCYTCTBHE TTOBBIIIIEHUS 9KC-
npeccuu aktuBaumoHnHoro CD11b B maxkopHoii cyononyasiuuu B M1, a Takske B MUHOPHOM CyOnoOnyasiLiiun
B I'U1 u '2. B maxkopHoii cyononynsuuu I'M2 BeIsIBIeHO HapyllIleHUe — CHUXKEHUE dKCIPEeCcCU aKTHBa-
uroHHoro Mapkepa CD11b B nepuon oboctpeHuss XB3OMT. Takke npu HaIW4UM pa3iMdHON BUPYCHOM
nHpexunu 1 XB3OMT (I'M1) B HeraTUBHO M3MEHEHHOW MUHOPHOM CYOIOITY/ISIIMM BBISBIICHO CHIDKEHUE
ypoBHs1 kcripeccun CD16, nossitienune yposHs skcripeccun CD64 u CD32. OnpenesieHue Cyonomysim-
oHHoro coctaBa CD11b*CD64 CD32*CD16"u CD11b*CD64"CD32*CD16" HI' 1t ux (heHOTHIIa MOXKHO UC-
MOJb30BaTh KaK B KAY€CTBE AUATHOCTUYECKUX MapKepoB Wi AuddepeHumnantbHoi nuarHoctuku XB3OMT
BUPYCHOM 1 GaKTepUaTbHON 3TUOJIOTUM, TaK U JUIS TIOCEAYIOIIei pa3pab0TK HOBBIX METOI0B TapreTHOM
WUMMYHOMOIYJIMPYIOIIE Tepanuu.

Karouesnie cnosa: neiimpoghunvhule epanyroyumot, cyononyaayuu, peHomun, OuaeHOCMu4ecKuli Mapkep, XpoHuieckue
gocnanumenvHvie 3a001€8aHUs OP2AHO8 MAN020 MA3A, UMMYHOKOMNPOMEMUPOBAHHOCHYb

DIAGNOSTICALLY SIGNIFICANT CHANGES IN SUBSETS
CD11b"CD64-CD32'CD167, CD11b"CD64'CD32'CD16*
NEUTROPHILIC GRANULOCYTES OF
IMMUNOCOMPROMISED WOMEN WITH CHRONIC
INFECTIOUS AND INFLAMMATORY DISEASES OF THE
GENITAL TRACT OF VARIOUS ETIOLOGIES

Kovaleva S.V.2, Nesterova LV.® ?, Pikturno S.N.2, Dydyshko E.I%,
Prosolypova N.S.2, Chulkova A.M.?
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Abstract. Chronic pelvic inflammatory disease (PID) in women remains a problem due to the importance
of medical consequences. The study of the receptor apparatus of neutrophilic granulocytes (NG) involved
in anti-infective protection in disecases of various etiologies seems to be relevant. Aim: to clarify the
features of variants of quantitative and phenotypic changes in subsets of NG CD11b*CD64-CD32*CD16",
CDI11b*CD64*CD32*CD16" of immunocompromised women during exacerbation of chronic PID of various
etiologies. We were tested women 20-40 years: Study Group 1 (SG1, n = 20) — chronic PID during the
exacerbation with mono- or mixed latent/recurrent various viral infections (chronic herpes-virus infections,
papillomavirus infection, recurrent ARVI); Study Group 2 (SG2, n = 30) — chronic PID of bacterial etiologies;
Comparison Group (CG) — 20 healthy women. The number of subsets CD11b"CD64-CD32*CD16*NG (major)
and CD11b*CD647CD32"CD16"NG (minor), receptor expression density (MFI) was determined (FC500,
USA). It was found that in PID during the period of exacerbation, diagnostically significant differences in the

856



2023, T. 25, Ne 4
2023, Vol. 25, No 4

Bocnaaumenwvruie 3a0601eeanus sceHujun
Inflammatory diseases of women

subset composition of NG were revealed. We got a decrease in the CD11b"CD64-CD32*CD16"NG subset
and in 7,6 times increase in the CD11b*CD64*CD32*CD16"NG subset in SG2 with chronic PID of bacterial
etiology, in contrast to chronic PID occurring in combination with recurrent/persistent viral infection SG1.
Negative transformation of NG subsets is associated with a predominant decrease in the level of expression
of the activation CD16. The absence of an adequate response to the infectious and inflammatory process was
revealed — the absence of an increase in the expression of the activation CD11b in the major subset in SG1, as
well as in the minor subset in groups SG1 and SG2. In the major subset of NG in groups SG2 a decrease in the
expression of the activation marker CD11b. In the various viral infections and PID (SG1), in the negatively
altered minor subset of NG we got a decrease of expression of CD16, an increase of expression of CD64 and
CD32. Determination of subsets of CD11b*CD64-CD32*CD16" CD11b*CD64*CD32*CD16"NG and their
phenotype can be used as diagnostic markers for the differential diagnosis of PID of viral and bacterial etiology,

and for the development of new methods of targeted immunomodulatory therapy.

Keywords: neutrophilic granulocytes, subsets, phenotype, diagnostic marker, chronic pelvic inflammatory disease,

immunocompromised

Introduction

Chronic inflammatory diseases of the pelvic
organs (pelvic inflammatory disease, PID) are one of
the main problems among gynecological diseases due
to their wide distribution, and they can be represented
both as separate nosological forms and in various
combinations. Despite the improvement of methods
of diagnosis and treatment according to the World
Health Organization (WHO), 448 million new cases
of chronic inflammatory diseases of the pelvic organs
are registered annually in the world (up to 60% of
the total number of gynecological diseases) [10, 12].
According to modern scientific data, the etiology of
chronic PID is polymicrobial, associated not only
with obligate pathogens (Neisseria gonorrhoeae,
Chlamydia trachomatis, etc.), but also with op-
portunistic microflora that is part of the normal vaginal
microbiota. The main features are the variety of the
clinical picture, with a short interrecurrent period or a
sluggish protracted course [2, 3, 9]. Cases with a severe
and complicated course have become more frequent;
persistent recurrence of the inflammatory process, the
absence of a positive effect on the ongoing etiotropic
and pathogenetic therapy, as a result of which the
formation of an adhesive process and impaired
reproductive functions is possible.

The immune system plays a significant role in the
pathogenesis of chronic PID, and it is from its ade-
quate or defective functioning that the characteristics
of the course and outcome of the disease depend
[8]. Thus, impaired functioning of local or systemic
immunity contributes to the emergence of atypically
occurringacuteorchronicinfectiousandinflammatory
diseases of the reproductive tract causes the onset and
chronicity of infectious and inflammatory processes of
extragenital localization of various etiologies, which

are resistant to therapy — antiviral, antibacterial,
antifungal and anti-inflammatory [7], which also
indicates clinical signs of immunocompromised being.
The particular interest is the study of the functioning
of neutrophilic granulocytes (NG), one of the most
important cells of innate immunity, which perform a
number of effector and regulatory functions during the
infectious process. They are the first cells and ready to
respond to the invasion of pathogens and the increase
in the growth of opportunistic microorganisms in
the microbiome. At the same time, the symbiotic
microflora (lacto- and bifidobacteria), being in close
relationship with NG, stimulates the formation of
NET, thereby exerting a regulatory effect on the state
of the microbiocenosis of the genital tract [11].
According to modern scientific data, the anti-
microbial activity of NG is associated with certain
surface membrane receptors. Thus, the surface mem-
brane molecules of NG receptors CD64, CD32,
CD16, CDI11b form different subsets of NG with
different phenotypes, performing both effector and
regulatory functions: immunomodulating, immu-
nostimulating, immunosuppressive [1]. Overexpres-
sion or defects in the expression of one or more
receptors cause disturbances in the effector and/or
regulatory functions of various NG subsets. Thus, in
case of dysfunctions of the NG receptor apparatus
caused by impaired expression of CD16, CDI1b
molecules, which are activation markers of the NG
effector functions, dysregulatory disorders of the anti-
infective immune defense are observed. Because of
this there are acute severe infectious and inflamma-
tory diseases, prolonged sluggish or recurrent chro-
nic infectious and inflammatory processes that
do not respond to etiotropic therapy. At the same
time, studies devoted to the study of the quantita-
tive characteristics and phenotypic features of the
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CDI1b"CD64CD32*CD16%, CD11b"CD64*CD32*CD16"NG
subsets of immunocompromised women with chronic
PID have not been conducted.

Takingintoaccountthe above, it seems promising to
study the quantitative characteristics and phenotypic
features of subsets of CD11b*CD64-CD32*CDI16",
CDI11b"CD64"CD32*CDI16"% neutrophilic granulo-
cytes of women with chronic PID. Clarification of
variants of the defective phenotype of NG subsets
and their quantitative imbalance can contribute to the
development the methods for diagnosing the defective
functioning of NG subsets. The obtained new data can
be the basis for the creation of new targeted methods
of immunomodulatory therapy, organically included
in the complex treatment of chronic PID.

Aim: to clarify the features of variants of
quantitative and phenotypic changes in subsets of
CD11b*CD64CD32°CD16%,CD11b*CD64*CD32*CD16*
neutrophilic granulocytes of immunocompromised
women during the exacerbation of chronic PID of
various etiologies.

Materials and methods

Under our supervision were 50 women from 20 to
40 years old in the period of exacerbation of chronic
PID (chronic metritis, chronic salpingo-oophoritis),
with clinical signs of immunocompromised. Groups
were formed depending on the clinical and anamnestic
data: Study Group 1 (SGI1) and Study Group 2
(SG2). Women of both groups were characterized by
a long history of chronic PID (more than 5 years),
frequent exacerbations (3 or more times a year) or
a sluggish protracted course of exacerbations, the
absence of a stable clinical effect when using systemic
and local anti-inflammatory therapy. SG1 included
20 immunocompromised women with chronic
PID (40% of all cases). When studying the history
data according to the “immunological history”
program (Nesterova 1.V., 1992), criterial signs of
immunocompromise were revealed, indicating
that SG1 patients suffered from mono- or mixed
latent or recurrent various viral infections in 100%
of cases. They had chronic herpes virus infections
caused by herpes simplex viruses types I and II,
genital and orofacial localization with a frequency
of exacerbations up to 5-6 times a year, human
papillomavirus infection (anogenital warts), recurrent
acute respiratory viral infections with a frequency
of episodes up to 7-8 times a year. SG2 included 30
immunocompromised women (60%) with chronic
PID of various bacterial etiologies. The comparison
group (CG) consisted of 20 conditionally healthy
women of reproductive age from 20 to 40 years old

who applied to the clinic to choose a contraceptive
method. An immunological study of the “major”
and “minor” subsets, CDI11b"CD64-CD32"CD16",
CDI11b*CD64*CD32"CDI16"NG, was carried out
with the determination of the percentage of each NG
subset (%NG) and assessment of their phenotype,
taking into account the density of expression of each
receptor by the value of the mean of fluorescence
index (MFT) by flow cytometry (CYTOMICS FC500,
USA). Appropriate monoclonal antibodies to CD11b,
CD64, CD32, CDI16 molecules were used. For
statistical processing of the obtained data, Microsoft
Excel 2016, StatPlus 2010 software packages and non-
parametric tests — the Wilcoxon and Mann—Whitney
criteria were used. The results were expressed as a
median (upper and lower quartile) — Me (Q,,5-Q, 7).
Differences were considered statistically significant at
p <0.05.

Results and discussion

It was revealed that in the peripheral blood
samples of the comparison group (CG) (con-
ditionally healthy women), the major subset of
NG CDI1b"CD64CD32*CD16* occurs in 94.90
(93.98-97.40) %, and the minor subset of NG
CD11b"CD64*CD32*CD16"—in 1.24 (0.29-5.41) %.

In women with SG1 during the exacerbation of
chronic PID, the quantitative composition of the major
and minor subsets did not statistically significantly
differ from the indicators of the comparison group
(p > 0.05). At the same time, a negative transformation
of the phenotype of both subsets was revealed. Thus,
in the major subset CD11b"CD64-CD32*CD16*NG,
the CD16 expression level was in 1,3 times lower, and
the CD32 expression level was in 1.2 times higher
relative to the CG (p, , < 0.05). At the same time, in
the minorsubset of CD11b"CD64*CD32*CDI16*NG,
there was a statistically significant increase in the
expression density of the CD64 molecule according
to MFI — in 3 times, and the CD32 molecule — in
1.9 times relative to CG (p, , < 0.05). A significant
decrease in the level of expression of the CDI16
molecule was found by 1.6 times relative to CG
(p < 0.05). The revealed fact attracted attention that
the expression of the CD11b molecule in the major
and minor subsets did not change and remained at the
CG level (p > 0.05) (Table 1).

In SG2 during the exacerbation of chronic PID, a
statistically significant decrease in the proportion of
the major subset CD11b*CD64-CD32"CD16"NG —
up to 87.35 (84.69-88.38) and a significant increase
by 7.6 times in the content of the minor subsets of
CDI11b*CD64"CD32*CD16"™NG relative to CG
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TABLE 1. CHANGES IN SUBSETS OF CD11b*CD64-CD32*CD16* AND CD11b*CD64*CD32*CD16* NEUTROPHIL
GRANULOCYTES OF IMMUNOCOMPROMISED WOMEN DURING EXACERBATION CHRONIC PELVIC INFLAMMATORY

DlSEASES, Me (Q0_25'Qo_75)

. Comparison Group Study Group 1 Study Group 2
Indicator (CG) (SG1) (SG2)
CD11b*CD64 CD32*CD16*

%NG (%NG)

94.90 (93.98-97.40)

93.98 (89.84-95.71)

87.35 (84.69-88.38)* *

MFI CD16 118.5 (108.00-146.25) 90.5 (79.37-106.50)* 93.90 (81.80-107.00)*
MFI CD32 3.79 (3.50-4.13) 4.73 (4.36-6.42)* 4.04 (3.00-4.85)
MFI CD11b 25.10 (21.60-27.15) 22.10 (19.05-26.77) 15.50 (11.06-20.70)*

CD11b*CD64*CD32*CD16*

%NG (%NG)

1.24 (0.29-5.41)

2.32 (1.42-6.97)

9.42 (7.53-11.40)* A

MFI CD64 2.40 (2.07-5.06) 7.34 (6.88-15.35)" 1.69 (1.51-1.97)* A
MFI CD16 149.00 (128.00-157.00) 94.80 (55.20-126.00)* 109.00 (89.90-121.00)*
MFI CD32 5.84 (4.24-6.50) 11.10 (7.27-18.55)* 5.21 (3.68-5.84)
MFI CD11b 33.70 (24.10-37.40) 30.75 (23.80-46.75) 23.20 (16.92-29.35)

Note. *, the reliability of differences in indicators from the values of the comparison group, p < 0.05; *, the reliability of differences in

indicators in relation study group 1 (SG1), p < 0.05.

(p1.» < 0.05). The expression density level of the
CD11b molecule in SG2 was statistically significantly
reduced by 1,6 times in the minor subset of
CDI11b*CD64*CD32*CD16"™NG (p < 0.05), while in
the major subset of CD11b*CD64-CD32*CD16"NG
it remained at the level of CG indicators (p > 0.05).
The expression density level of the CD32 molecule
in SG2 did not change statistically, both in the major
and minor NG subsets relative to the CG (p, , > 0.05)
(Table 1).

Comparing the results of NG phenotyping in
women during the exacerbation of chronic PID in
SG1 and SG2, statistically significant changes were
revealed. In SG2 the relative content of the major
subset CD11b"CD64-CD32*CD16*"NG was reduced
by 1.1 times (p < 0.05), and the subset of the minor
CDI11b*CD64*CD32*CD16"™NG was increased by 4
times compared to SG1 (p < 0.05). Changes in the
phenotype were found only in the minor subset. Thus,
in SG1, compared with SG2, the expression level
of the CD64 receptor increased by 4.3 times, and
the expression level of CD32 increased by 2.1 times
(p1> <0.05) (Table 1).

Taking into account the data obtained, it is evident
that in immunocompromised women during the

exacerbation of chronic PID in the 2 groups of SG1
and SG2, there are quantitative changes and various
options for negative restructuring of the phenotype of
the NG subsets as a “watchdog” of the predominant
major subset CD11b*CD64-CD32*CDI16*"NG and a
minor subset CD11b"CD64*CD32*CD16*NG.

In SG1 a transformation of the phenotypic profile
in the subsets CD11b"CD64-CD32*CD16*NG and
CDI11b*CD64*CD32*CDI16"NG was revealed due to
a decrease in the density of CD16 expression and an
increase in the density of CID32 expression. However,
the level of CD64 expression density in the minor
subset increased statistically significantly, which may
indirectly indicate the stimulation of its expression
by the cytokine environment associated with the
presence of recurrent or persistent viral infection.

In SG2, in the subset CD11b"CD64CD32*CD16"NG,
the phenotypic profile is characterized by a
quantitative decrease in CD16 expression relative to
the Comparison Group. An increase in the number of
the CD11b"CD64*CD32"CD16"NG subset, which is
diagnostically significant in the presence of a bacterial
infection was revealed. We have previously shown that
the content of the CD11b*CD647CD32*CD16"NG
subset increases many times with the progression of
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the severity of the inflammatory process [4, 6]. Also in
the SG2 there was a decrease in the expression density
of CD16 in the NG subsets and CD64 in the minor
NG subset.

It is shown lack of receptor expression CDI11b
in subsets of NG women in both SG during an
exacerbation of chronic PID. It is known that the
CDI11b receptor is a signaling partner for other
receptors, in particular Fcy receptors, which regulate
chemotaxis of NG to the inflammation, adhesion,
phagocytosis, respiratory burst, and degranulation [5].
A defect in the activation of the CD11b receptor and
Fcy receptors indirectly indicates a violation of the
effector functions of NG.

Changes in the subset composition of NG
and their phenotype do not contribute to the full
implementation of the effector functions of NG in
immunocompromised women with chronic PID and
may be the reason for the maintenance of a chronic
inflammatory process and the absence of a stable
positive effect from etiopathogenetic therapy.

Conclusion

As a result of this study, it was found that in
immunocompromised women  suffering from
chronic PID for more than 5 years, diagno-
stically significant differences in the subset com-
position of NG were revealed during the exa-
cerbation period. There is a decrease in the
CDI11b*CD64-CD32"CD16*NG subset and in 7,6 ti-
mes increase in the CD11b*CD64*CD32*CD16"NG
subset in chronic PID of bacterial etiology (SG2), in
contrast to chronic PID occurring in combination
with recurrent or persistent viral infection (SG1).
Negative transformation of NG subsets is associated
with a predominant decrease in the level of expression
of the activation molecule CD16. The absence of an
adequate response to the infectious and inflammatory
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as diagnostic markers for the differential diagnosis of
chronic PID of viral and bacterial etiology, however
this issue requires further research.

The obtained data on the negative quantitative
and phenotypic transformation of NG subsets —
major CDI11b*CD64-CD32*CDI16"
CDI11b"CD64"CD32"CD16" in women suffering
from chronic PID of various etiologies, can serve as
the basis for creating new integrated approaches to the
immunodiagnosis of multivariate changes in major
and minor subsets of NG. In addition, prospects are
opening up for the development of new methods
of targeted immunomodulatory therapy aimed at
reprogramming negatively transformed subsets of NG
in chronic PID, which should help to restore the full
effector functions of NG, improve the implementation
of both antiviral and antibacterial protection, and, as
a result, achieve positive results, including clinical and
immunological effects.
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