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Pe3iome. DHIOMETPHO3 — XPOHUUECKOE TMHEKOJIOTMYECKOe 3a00JieBaHNEe, KOTOPOE SIBJISIETCSI CEPbEe3HOM
mpobJIeMOl ¢ TOYKHU 3peHUsI TUAaTHOCTUKU U JiedeHus1. HecMOTpst Ha necsATuneTust uccienoBaHuil, HET HU
cnieninuyecKnX MPU3HAKOB U CUMIITOMOB, HA aHAJTU30B KPOBU TSI KIIMHUYECKOTO TTOATBEPKISHUS Tra-
THO3a, UTO 3aTPYAHSIET CBOEBPEMEHHYIO IMArHOCTUKY U JieueHue. [103ToMy Mo-TIpeskHEMY OCTaeTCsl aKTy-
aJIbHBIM TIOMCK HOBBIX MapKepOB ISl paHHEe! HEMHBA3WBHOW AMAarHOCTUKM 3a0oseBaHus. [lepcrieKTUBHBI-
MU OUOJIOTUYECKMMHU MapKepamMy Hapy>KHOTO T€HUTAJIILHOTO 3HIOMETPUO3a MOXHO CUMTATh pa3jInyHbIe
CyOKJIETOUHBIE CTPYKTYPbI, YUaCTBYIOIINE B MEXKIETOUYHBIX KOMMYHUKAIIUSIX, B YaCTHOCTU, MUKDPOBE3U-
KyJibl. B CBSI3U ¢ 3TUM, 1I€JIbIO UCCIIENOBAaHUS SIBUJIACh OlLIEHKA COCTaBa MUKPOBE3WKYJI JIEHKOIIUTAPHOTO
TMPOUCXOXIEHUST B TIepu(hepruIecKoil KpOBU TAIMEHTOK C HAPYXKHBIM TeHUTATLHBIM dHA0MeTpruo3om [-11
CTEeTIEHU Y BO3MOXHOCTb X UCITOJIb30BaHUSI B KAUECTBE MapKEPOB HEMHBA3WBHOU TMArHOCTUKU MEPUTOHE-
anbHBIX (DopM aHIOMeTprO3a. B nccnenoBanume Bouuu 97 XEHIUH C HAPY>KHBIM T€HUTATbHBIM HAOMETPU -
o3oM I-1II crenenn B Bo3pacte ot 26 no 40 JieT, AMarHo3 y KOTOPbIX ObIJT YCTAHOBJIEH MHTPAOTIEPAallMOHHO 1
TMOATBEPKIEH TMCTOJIOTUYECKHU. Y BCeX MaIlMeHTOK OCHOBHOM TPYMIIbl OTMEYEH 00JIEBOI CUHIPOM, a TaKXKe
y 73,2% GonbHBIX BbIsIBIeHO Oecrutoane. KoHTposbHYI0 Tpyrmy coctaBuiav 20 MAlMEeHTOK, CPeIHUI BO3-
pacT KOTophIX coctaBwi 25,5+ 1,1 yiet, 00CIen0BaBIINXCS B CBSI3U C MYXXCKUM (haKTOPOM OECTUTIONUS TIepe/T
MPOBEIEHNEM TIPOIIEAYPhl 9KCTPAKOPTOPATBHOTO OTIOAOTBOPEHUS, Y KOTOPBIX HA OCHOBAaHWM TTPOBENIECH-
HOTO MHTPAOIIePAllMOHHOTO 00CIeN0oBaHUSI HE ObLJIO HAaWIeHO TMHEKOJOTMYeCKUX 3a00JIeBaHMiA, a TaKxkKe
OTCYTCTBOBaJI O0JieBOli cuHApoM. [lepen mpoBeneHNEM OMEPaTUBHOTO BMEIIATEIbCTBA y BCEX TMAIMEHTOK
OCYIIECTBIISITICS 3200p TepudepruuecKoil KpOBU IJIsI OTIpEAeIeHUs COAePXKaHUsSI MUKPOBE3UKYJT JIEUKOIIM -
TapHOTO MPOUCXOXIeHUS. J1JIsT BbIeIeHUsSI MUKPOBE3UKYJI UCTIOb30BAIN paHee onrcaHHbiit Gelderman M.
u Semak J. meTon. beuto ycTaHOBJIEHO, YTO IJIsSI TTALIMEHTOK C HAPYXXKHBIM T€HUTAJIbHBIM 3HIOMETPUO30M
I-1I cTrenenu xapakTepHO yBeJMueHUE B neprudepruiecKoil KpOBU KOJMYECTBA MUKPOBE3UKYIT C (heHOTUTIOM
CD14%, CD16" u CD54*CD14" B 1,1, 1,38 u 1,55 pa3a COOTBETCTBEHHO, a TAKXKE CHIKEHHME COMEPXKAHUS
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MMKpoOBe3uKkyJ ¢ peHorurnom CD457CD4*, CD3*CD4", CD3*CD8" B 1,2, 4 1 1,5 pa3a COOTBETCTBEHHO, T10
CpaBHEHMIO C XXEHIIIMHAMU U3 TPYNIbl KOHTPOJs. TakuM 00pa3om, y NallMeHTOK C Hapy>KHbIM F€eHUTAJIbHbIM
sHaoMeTpuo3oM [-1I1 crereHu moBkllieHME B IepUdepruyecKoii KpOBU OTHOCUTEIBHOTIO KOJIUYECTBA MUKPO-
Be3ukyn ¢ ¢peHorunnoM CD547CD14* Bolie 5,22% MOXKET CIYKUTh MAapKepOM ISl paHHe HEMHBAa3UBHOM
JUArHOCTUKU 3a00JI€BaHUS C YyBCTBUTEIBHOCTHIO 80,5% 1 cnenmuaHocTbio 71%.

Knrouesuie crosa: aﬁdomempuos, HeUHBAa3UBHbLI mapkep, Kiemku MMMyHHOlZ cucmemol, MUKPOBE3UKYNbl, MOHOUUMbL, NK-knemku

MICROVESICLES DERIVED FROM LEUKOCYTES
IN THE PERIPHERAL BLOOD OF PATIENTS WITH
EXTERNAL GENITAL ENDOMETRIOSIS
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Selkov S.A.2, Sokolov D.I.*"
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Abstract. Endometriosis is a chronic gynecological disease, which poses a serious problem in terms of
diagnosis and treatment. Despite decades of research, there are no specific signs and symptoms and no blood
tests to clinically confirm the diagnosis, which makes timely diagnosis and treatment difficult. Therefore, the
search for new markers for early non-invasive diagnosis of the disease remains relevant. Various subcellular
structures involved in intercellular communication, in particular, microvesicles, can be considered promising
biological markers for external genital endometriosis. The aim of this work was to assess the composition of
microvesicles derived from leukocytes in the peripheral blood of patients with stage I-II of external genital
endometriosis and the possibility of their use as markers of non-invasive diagnosis of peritoneal forms of
endometriosis. The study involved 97 women aged 26-40 with stage I-1I of external genital endometriosis,
whose diagnosis was established intraoperatively and confirmed histologically. Pain syndrome was noted in all
patients of the main group, with infertility also detected in 73.2% of the patients. The control group consisted
of 20 patients, whose average age was 25.5%1.1 years, who were examined in connection with male infertility
factor before the in vitro fertilization, and in whom, on the basis of intraoperative examination, presented no
gynecological diseases, and no pain syndrome. Before the surgical intervention, peripheral blood was taken from
all patients to determine the content of microvesicles derived from leukocytes. To isolate microvesicles, we used
the previously described by M.P. Gelderman and J. Simak method. It was found that patients with stage I-I1
of external genital endometriosis experience an increase in the number of CD14*, CD16" and CD54*CD14*
microvesicles in the peripheral blood by 1.1, 1.38 and 1.55 times, respectively, as well as a decrease in the number
of CD45*CD4*, CD3*CD4*, CD3*CD8* microvesicles by 1.2, 4 and 1.5 times, respectively, compared with
patients from the control group. Therefore, in patients with stage I-1I of external genital endometriosis, an
increase in the relative number of CD54*CD14* microvesicles in the peripheral blood above 5.22% can serve as
a marker for early non-invasive diagnosis of the disease with sensitivity of 80.5% and specificity of 71%.

Keywords: endometriosis, non-invasive marker, immune system cells, microvesicles, monocytes, NK cells

The study was supported by the research outside the uterine cavity. The main clinical mani-

project No. AAAA-A20-120041390023-5 (Plasma
cryopreservation and isolation of microvesicles) and
the research project No. AAAA-A20-120041390031-0
(Evaluation of phenotypic characteristics of micro-
vesicles).

Introduction

Endometriosis is a chronic inflammatory disease
characterized by the migration of endometrial cells

festations include chronic pelvic pain, dysmenorrhea,
dyspareunia and infertility. The Ilatter is detected
in 30-50% of cases, while in 20-25% of patients the
disease is asymptomatic [50].

Patients with diverse manifestations of pain
syndrome inherent in endometriosis are often treated
by general physicians without proper therapy, since
the symptoms of this disease may also be characteristic
of other pathologies associated with chronic pelvic
pain. Therefore, the gold standard for a definitive
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diagnosis consists of surgical intervention followed by
histological examination [2]. Under these conditions,
a significant delay in diagnosis leads to 8-12 years
of delayed appropriate treatment [10, 31]. At the
moment, there are no reliable laboratory biomarkers
for this gynecological pathology. The increased
prevalence of endometriosis in women requires
the development of new non-invasive diagnostic
biomarkers for faster diagnosis, appropriate treatment
and selection of potential patients for surgery [3,
20]. Therefore, a biomarker or a panel of biomarkers
found in the biological fluids of affected patients may
be an appropriate tool for diagnosing endometriosis,
as well as an objective assessment of the effectiveness
of treatment.

One of the new biomedicine directions is the
study of the phenomenon of microvesicle formation
by eukaryotic cells and their role in intercellular
interactions. Almost all types of cells are capable of
releasing microvesicles into the intercellular space
after their activation or death due to apoptosis.
Depending on their formation, microvesicles may
differ in biochemical composition and biological
properties [19]. They function as transporters of
biologically active molecules between cells, and
participate in the regulation of various processes, in
particular, inflammation, hemocoagulation, vascular
reactions, apoptosis and cell proliferation [24].
Endometriosis is accompanied by a chronic in-
flammatory reaction, which is characterized by
a decrease in the activity of cytotoxic T cells and
NK cells, a change in the secretion of cytokines by
T helper [35] cells, and possibly the formation of
microvesicles by leukocytes. Currently, there is a
limited number of studies on the composition of
microvesicles in the peripheral blood of patients
with endometriosis. Thus, in one of the studies,
higher levels of circulating microvesicles were found
in patients with deep infiltrative endometriosis
compared with patients with endometriomas and
without this disease, which can be explained by a
more intense inflammatory reaction and angiogenesis
in this aggressive form of endometriosis. These results
show that the levels of circulating microvesicles may
play a role in the pathophysiological mechanisms of
deep infiltrative endometriosis [29]. The same group
of authors conducted a pilot study in 2019 in patients
with endometriomas. The authors showed, that the
number of microvesicles present in the peripheral
blood increased after removal of endometriomas by the
excision method, but not when using laser ablation.
The increase in the level of circulating microvesicles is
temporary and it returns to the basal level three months
after the removal procedure. These results show that
the excision method causes a more pronounced short-
term inflammatory response when compared with
that resulting from laser vaporization [30]. In this

regard, the study of the composition of microvesicles
derived from leukocytes present in the peripheral
blood of patients with endometriosis seems relevant
for understanding the pathogenesis of the disease and
developing new approaches to both the diagnosis of the
disease itself and for monitoring the effectiveness of
treatment and predicting the risk of possible relapses.

In connection with the above, the purpose of this
study was to assess the composition of microvesicles
derived from leukocytes in the peripheral blood of
patients with stage I-II of external genital endo-
metriosis and the possibility of their use as markers
of non-invasive diagnosis of peritoneal forms of
endometriosis.

Materials and methods

A study was conducted among 97 women aged 26-
40 years (average age 29.3*1.4 years) with stage I-11
of external genital endometriosis. Inclusion criteria:
age 18-40 years, first-time intraoperatively verified
diagnosis of stage I-11 of external genital endometriosis
confirmed by histological examination, the presence
of pain syndrome (pain in the pelvic region, pain
during menstruation, pain during sexual activity),
signing of voluntary informed consent to participate
in the study. Exclusion criteria: decompensation of
chronic somatic diseases, acute infectious diseases
or exacerbation of their chronic forms, uterine fib-
roids, polycystic ovarian syndrome, taking immu-
nomodulatory and hormonal medications three
months before surgery for endometriosis, acute-stage
pelvic inflammatory diseases, autoimmune diseases.

All patients of the main group were diagnosed
intraoperatively with external genital endometriosis,
which was confirmed by histological examination.
When using the r-ASRM classification in this group
of patients, it was revealed that the stage I of external
genital endometriosis was present in 43.3% (42) of
patients, stage Il of external genital endometriosis —
in 56.7% (55) of patients. Pain syndrome (algodis-
menorrhea, pelvic pain and dyspareunia) was noted in
all patients and was the most common reason women
consulted a gynecologist for examination. At the
same time, before the start of the therapy, complaints
of chronic pelvic pain were noted in 90.7% (88) of
patients with endometriosis, while algodismenorrhea
occurred in 93.8% (91) of patients with endometriosis,
and dyspareunia was observed in 70.1% (68) of
patients with endometriosis. A combination of three
types of pain occurred in 72.2% (70) of patients. A
visual analog pain scale was used to assess the pain
syndrome. The severity of pelvic pain in patients
with stage III of external genital endometriosis was
6.8%0.3 points, algodismenorrhea — 8.2%+0.4 points,
and dyspareunia — 5.3%£0.6 points.

The second most important clinical symptom
of endometriosis was infertility, which occurred in
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73.2% (71) of patients, while primary infertility was
observed in 69% (49) of patients, the proportion of
secondary infertility was 31% (22) of patients. The
duration of primary infertility in patients with external
genital endometriosis was 5.3+2.2 years, secondary —
4.5+1.8 years.

The control group consisted of 20 patients, whose
average age was 25.5t1.1 years (minimum — 21.2
years, maximum — 33 years), who were examined
in connection with male infertility factor before
the in vitro fertilization, and in whom, on the
basis of intraoperative examination, presented no
gynecological diseases, and no pain syndrome.

Before the surgical intervention, peripheral
blood was taken from all patients to determine the
content of microvesicles derived from leukocytes.
To isolate microvesicles, the method described by
M.P. Gelderman and J. Simak was used [13]. All
solutions for working with microvesicles were filtered
in advance through an ultrafilter with a pore diameter
of 0.2 microns (Corning, USA).

For long-term storage of microvesicles obtained
from peripheral blood, we used the plasma cryo-
preservation method developed by us (patent RU
2746950). The plasma samples were stored in liquid
nitrogen in a Dewar flask at -196 °C and thawed
immediately. The procedure was performed in a
water bath at 37 °C. Further, the resulting plasma was
centrifuged for 20 minutes at 19800 g +10 °C in order
to precipitate microvesicles. Further, the obtained
microvesicles were washed with a cold Hanks’
solution without CaCl, (Sigma, USA) containing
sodium heparin at a concentration of 30 IU/mL of
solution by centrifugation for 20 minutes at 19800 g
+ 10°C. The resulting microvesicle precipitate was
resuspended in Hanks' solution (BioloT, Russia)
containing 0.35% of serum albumin (Sigma, USA)
and heparin sodium at a concentration of 30 IU per 1
mL of solution, and treated with antibodies to CD4,
CD3, CDS8, CD45, CD41a, CD14, CD54, CD56 and
CDI16 (R&D Systems, USA) in accordance with the
manufacturer’s recommendations. The expression
of these markers was analyzed, both individually and
in various combinations. The expression of these
markers was assessed using the BD FACS Canto
II flow cytofluorimeter (BD, USA). In terms of
light scattering, microvesicle gate was isolated using
polystyrene beads calibrated in sizes of 1.0 microns
and 0.2 microns (Invitrogen, USA). Isotypic controls
(R&D, USA) were used for gating microvesicles
according to fluorescence indicators. Staining with
CD41a antibodies was used to separate platelets and
their microvesicles, the assessment of which was not
part of the objectives of this study:.

Statistical processing of data was carried out using
nonparametric analysis methods. Accumulation,
correction, systematization of the initial information

and visualization of the results were carried out in
Microsoft Office Excel 2007 spreadsheets. Statistical
analysis was carried out using the STATISTICA v. 10.0
software (Statsoft Inc., Tulsa, USA). The critical
confidence level of the null hypothesis was assumed
to be equal to a probability of at least 95% (p < 0.05).
Quantitative indicators were evaluated for compliance
with the normal distribution. For this purpose, the
Shapiro—Wilk’s test was used (with the number of
patients under study less than 50). The distribution
of quantitative indicators differed from normal, and
therefore the values of the median (Me), lower and
upper quartiles (Q,,s-Q0,5) were used. The Mann—
Whitney U test was used to compare independent
aggregates.

Results

In the peripheral blood of patients with endo-
metriosis, an increase in the intensity of CDI16*
molecules expression on the surface of microvesicles
by 1.38 times was shown, as well as an increase in the
relative content of microvesicles with CD 14" receptor
on their surface by 1.1 times compared with these
indicators in patients without the disease (Figures
1, 2).

Patients with stage I and stage 11 of external genital
endometriosis are also characterized by a decrease in
the relative content of microvesicles with CD457CD4",
CD3*CD4" and CD3*CD8™" antigens on their surface
by 1.2, 4 and 1.5 times, respectively, as well as an
increase in the relative content of microvesicles with
CD547CD14* receptors by 1.55 times compared with
these indicators in patients from the control group
(Figure 3).

To assess the diagnostic effectiveness of the
prognostic model of the relationship between the
content of CD14%, CD16" and CD54*CD14* micro-
vesicles in the peripheral blood and external genital
endometriosis, we used the method of constructing
a curve of mutual dependence of the probabilities of
false positive and true positive results (ROC curve).
The area under the ROC curve of the corresponding
relationship between the prognosis of external genital
endometriosis and the content of CD54*CD14*
microvesicles in blood plasma was 0.7£0.056
with 95% CI: 0.59-0.81 (Figure 4). The resulting
model corresponds to good predictive quality and
is statistically significant (p < 0.01). The threshold
value of the content of CD54*CD14"* microvesicles
at the classification threshold point is 5.22%. The
relative content of CD54"CD14" microvesicles in
blood plasma equal to 5.22% or exceeding this value
correspondsto the prognosis of the presence of external
genital endometriosis. The sensitivity and specificity
of the method were 80.5% and 71%, respectively.
The areas under the ROC curve corresponding to the
relationship between the prognosis of external genital
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Figure 1. Intensity of surface markers expression on
peripheral blood microvesicles in patients with external
genital endometriosis compared with the control group
Note. **, p < 0.01, the group of patients with external genital
endometriosis differs from the control group.
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Figure 3. Relative content of microvesicles in the peripheral
blood of patients with external genital endometriosis
expressing various combinations of leukocyte markers
compared with patients from the control group

Note. *, p < 0.05; **, p < 0.01, the group of patients with external genital
endometriosis differs from the control group.

endometriosis and the content of CD14* and CD16"
microvesicles in blood plasma were: 0.6£0.078 with
95% CI: 0.47-0.78 and 0.7%0.066 with 95% CI: 0.58-
0.84, respectively (Figure 4). The obtained models
also have good predictive quality, however, they are
statistically insignificant.

Discussion

Microvesicles are extracellular structures sur-
rounded by a bilipid membrane, specific transport

B3 Healthy women
609 =3 Women with endometriosis

n
(=1

The relative number of microvesicles, %

T T T
CD45 CD3 CD4 CD8 CD16 CD56 CD14 CD54

Figure 2. Relative content of microvesicles in the peripheral
blood of patients with external genital endometriosis
compared with patients from the control group

Note. *, p < 0.05, the group of patients with external genital
endometriosis differs from the group of healthy patients.
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Figure 4. ROC-curves of the relationship between the
content of CD14*, CD16* and CD54*CD14* microvesicles in
the peripheral blood and external genital endometriosis

systems capable of transferring biologically active
substances and genetic material between cells [1]. At
the moment, they are considered as the most important
regulators of intercellular interactions [27] and par-
ticipants in physiological and pathophysiological
processes [5]. It is assumed that microvesicles can
act as diagnostic markers indicating for various di-
seases [7].

The leukocyte surface markers identified in this
study are not narrowly specific. Their expression is
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TABLE 1. ANTIGENS ON THE SURFACE OF THE MAIN POPULATIONS OF LEUKOCYTES IN THE PERIPHERAL BLOOD

Antigens Main populations of peripheral blood leukocytes,

on the surface of leukocytes the surface of which carries these antigens
CD45 All leukocytes [34]
CD3 T lymphocytes [15], NKT cells [21]
CD4 T helper lymphocytes, regulatory T lymphocytes [6]
CD8 Cytotoxic T lymphocytes [42]
CD16 NK cells [42], monocytes [36], neutrophils [46]
CD56 NK cells, NKT cells [44], monocytes [11]
CD14 Neutrophils [16], monocytes [47]
CD54 T lymphocytes [43], monocytes [33], NK cells [45]
CD45*CD3* T lymphocytes [38]
CD45*CD4* T helper lymphocytes, regulatory T lymphocytes [17]
CD45*CD8* Cytotoxic T lymphocytes [33]
CD3*CD4* T helper lymphocytes [18]
CD3*CD8* Cytotoxic T lymphocytes [49]
CD4*CD8* Immature T lymphocytes
CD45*CD54" T lymphocytes, monocytes, NK cells
CD45*CD14* Neutrophils, monocytes
CD45*CD56* NK cells, NKT cells [44], monocytes [11]
CD45*CD16* Neutrophils [9], monocytes [17], NK cells [48]
CD56*CD16* NK cells [26]
CD16*CD14* Monocytes [23]
CD56*CD14* Monocytes [25]
CD54+*CD56* NK cells [39]
CD54*CD14* Monocytes [33]

characteristic of several types of cells present in the
peripheral blood (Table 1).

We found that external genital endometriosis
is accompanied by an increase in the number of
microvesicles in the peripheral blood that express
surface markers such as CD14" and CD16", as well
as a combination of CD54"CD14" antigens on their
surface. Monocytes and neutrophils are the source of
CDI14*, CD16" and CD54*CD14" microvesicles. In
addition, CD16" microvesicles can also be secreted by
NK cells (Table 1).

Monocytes, neutrophils and NK cells are known
to be involved in the pathogenesis of endometriosis.
It was found, that the pancreas of patients with
external genital endometriosis is characterized by
increased neutrophil infiltration compared with
patients without this disease [40]. This is probably
the result of an increased concentration of a potent
neutrophil chemoattractant, such as IL-8, which
is present in the plasma and in the peritoneal fluid
of patients with endometriosis [28]. Therefore, an
increase in the number of microvesicles with surface
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markers inherent in neutrophils probably indicates
the activation of these cells and the severity of the
inflammatory process in endometriosis.

Activated macrophages, whose precursors are
monocytes, participate in the pathogenesis of endo-
metriosis due to the secretion of soluble mediators,
such as cytokines, prostaglandins, complement com-
ponents and enzymes. Through the production of the-
se immunomediators, macrophages can cause inf-
lammation, tissue repair, neovascularization, and also
promote the attraction of fibroblasts and endothelial
cells [35]. Thus, the pancreatic macrophages in pa-
tients with endometriosis have an increased ability
to produce MCP-1, which plays a role in attracting
peripheral blood monocytes to areas of damage and
inflammation [4].

The prognostic significance of the model of the
relationship between the content of CD54*CD14*
microvesicles in the peripheral blood and external
genital endometriosis based on the construction of
the ROC curve, makes it possible to use microvesicles
only with the above phenotype as a non-invasive
diagnostic marker for the diagnosis of external
genital endometriosis. The content of CD54"CD14*
microvesicles in blood plasma equal to or exceeding
5.22% (classification threshold point) corresponds
to the prediction of the presence of external genital
endometriosis with 80.5% sensitivity and 71% spe-
cificity.

NK cells are lymphocytes of innate immunity
that have a cytotoxic effect against a variety of target
cells and secrete cytokines, that are also involved in
the pathogenesis of genital endometriosis [12]. NK
cells are able to distinguish between damaged cells
by expressing inhibitory and activating receptors.
One of these activating receptors is CD16, which is
able to bind with cells coated with immunoglobulin
G (IgG) and initiate antibody-dependent cell-me-
diated cytotoxicity of NK cells [37]. The increased
number of microvesicles with CD16* receptor in the
peripheral blood of patients with external genital
endometriosis indicates an increase in the content of
activated NK cells. However, this does not coincide
with the literature data on a decrease in the cytotoxic
activity of NK cells in patients diagnosed with
external genital endometriosis. It is possible, that the
number of CDI16" microvesicles in the peripheral
blood of patients with endometriosis increases due
to the activation of CD16%, which belong to uterine
NK cells, as part of uterine NK cells migrates from
the peripheral blood. It has been shown, that the
number of cytotoxic CD16* uterine NK cells in the
eutopic endometrium is increased in patients with
external genital endometriosis compared with fertile
patients from the control group [14]. This indicates,
that altered uterine NK cells in patients with
endometriosis can cause an excessive inflammatory

environment during implantation or decidualization,
which in turn increases the risk of infertility and
miscarriage [14]. This is also confirmed by our results,
according to which 73.3% of patients with external
genital endometriosis had primary infertility.

In the peripheral blood of patients with endo-
metriosis, a decrease in the content of microvesicles
with the CD45*CD4* (T helpers, regulatory T lym-
phocytes), CD3*CD4" (T helpers), CD3*CD8* (cyto-
toxic lymphocytes) phenotypes was also detected
(Table 1). T lymphocytes are a subpopulation of adap-
tive immunity that play an important role in the
survival and proliferation of endometrial cells [32].
Studies, in which T lymphocytes were assessed in
patients with endometriosis, showed a higher CD4/
CDS8 ratio and an increased concentration of each
subgroup in the peritoneal fluid of these patients [41].
A higher concentration of T lymphocytes was detec-
ted in endometrioid heterotopias compared with
eutopic endometrium, but with a similar CD4/CD8
ratio. An increase in the total number of T lym-
phocytes was noted in the peripheral blood of
patients with external genital endometriosis, but no
differences in the CD4/CDS ratio were detected [35].
Another important subgroup of T lymphocytes are
regulatory T cells (Tregs). They are considered as
powerful suppressors of the immune response and
are responsible for maintaining the antigen-spe-
cific tolerance and immune homeostasis [22]. The
published systematic review assessed the role of
Tregs in endometriosis. The authors concluded, that
a higher concentration of Tregs and/or expression
of their markers can be observed in the pancreas and
endometrioid heterotopias of patients with external
genital endometriosis compared with patients from
the control group. However, there is no consensus on
the concentration of Tregs in the eutopic endomet-
rium and peripheral blood of patients with external
genital endometriosis [8]. Thus, the reduced number
of microvesicles secreted by T helpers, regulatory
T lymphocytes and cytotoxic lymphocytes may indi-
cate a decrease in their activation and a decrease
in cytotoxic action against cells of endometrioid
heterotopias.

Conclusion

The study of the phenomenon of the formation
of microvesicles by eukaryotic cells in the peripheral
blood of patients with endometriosis is a promising
direction for understanding the pathogenesis of the
disease, developing markers for its diagnosis and mo-
nitoring the effectiveness of treatment. Our results
on the increase in the number of CD14* and CD16*
microvesicles in the peripheral blood of patients with
stage 1 and stage Il external genital endometriosis
and the decrease in the number of CD457CD4*,
CD37CD4", CD3*CD8* microvesicles inherent in
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neutrophils, NK cells, T helpers, regulatory T lym-
phocytes, and cytotoxic lymphocytes, respectively, in-
dicate a possible involvement of these microvesicles
in the development and progression of endometriosis
and require further study. Since it is precisely these
cells of the immune system that play a key role in

the pathogenesis of the disease by participating in
the implementation of the inflammatory process.
The increase in the relative number of CD54*CD14*
microvesicles in the peripheral blood of patients with
stage I-II of external genital endometriosis can serve as
a marker for early non-invasive diagnosis of the disease.
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