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UMMYHOJIOM'MYECKUE PAKTOPbI PASBUTUA HAPYXXHOIO

FrEHUTAJIbHOIO SHAOMETPUO3A

JIesroBua ML.A., Epmosiosa H.B., Rpyknuep JLIL., IToropeaosa T.H.,,
KpaBuenko JI.B.

Hayuno-uccaedosamenvckuii uncmumym axywepcmea u neduampuu @IbOY BO «Pocmoeéckuil 2ocydapcmeeHHulil
Mmeduyunckuil yrusepcumem» Munucmepcmea 30pasooxpanenus PO, e. Pocmos-na-/lony, Poccus

Pesiome. HapyxHblii reHUTanbHbIi aHAOMeTpr03 (HI'D) — omHO M3 pacnmpocTpaHeHHBIX TMHEKOJIOTH-
YeCcKMX 3a00JIeBaHUN XEHIIUH PEeNpPOAYKTUBHOIO BO3pacTa € PELUIUBUPYIOLIUM, MPOrPEeCcCUPYIOIUM
TEYCHUEM, YXYOIIAIONINM KadeCTBO KM3HU MAIlMECHTOK M3-3a 00JIEBOr0 CHMHIPOMA, SMOLMOHAIBLHOU HE-
YPaBHOBEIIIEHHOCTH, CTpaxa peluanBa 1 BO3MOXHOTIO OIlepaTUBHOIO BMeIIaTeIbcTBa. B HacTosIIee BpeMsi
SHIOMETPUO3 MPU3HAH OJHUM U3 HauboJiee pacpOCTpaHEHHbBIX 3a00eBaHU, CBSI3aHHBIX C OECIIIOAEM.
Tak, cpenu epTUIbHBIX XXEHIIWH ¢ COXpaHEHHOI AeTOpOAHON (hbyHKIIMEel 3a0ojieBaHUE B 1LI€JIOM JUAaTrHO-
CTUpPYETCsI IPUMEPHO y 6-7%, Torna Kak cpeiy NalyeHTOK, CTpagaloluX OeCIUIOANEM, ero YacTOTa MOXET
nmocturath 20-48%.

OnHako NPUYUHBI, OMPEACSIONINE PENTPOAYKTUBHYIO TUChYHKIIMIO Y 6071bHBIX ¢ HI'D, n3yyensl Hemo-
cTaTOYHO. bonbImoe BHUMaHMe B HACTOSIIEe BPeMsI YACISISTCS POIM UMMYHUTETA B (DOPMUPOBAHUU SHIO-
MeTpuo3a. Y 6oabHbIX ¢ HI'D oTMeualoTcst mameHeHUs Kak (paKTOPOB MECTHOTO UMMYHUTETA, TaK I UMMY-
HOJIOTMYECKUX KOMITOHEHTOB IIUPKYJIMPYIOIIE KPOBU.

Llens nccnenoBaHust — n3ydeHmne (GakTopoOB BPOKIACHHOTO M afalITUBHOIO UMMYHUTETA Y ITAlIMEHTOK pe-
OPOAYKTUBHOIO BO3pacTa C Hapy>KHBIM I'¢e HUTAIbHBIM 3HHOoMeTpro3oM (HI'D).

B uccinenosaHue Obl1a BKJItoUeHa 71 MmalMeHTKa ¢ pa3sjMYHbIMU CTaAUSIMU Hapy>KHOTO FeHUTaJbHOTO
9HIOMETPUO03a, B KOHTPOJIBHYIO TPYIITY BOIUIM 24 TTallMeHTKU, 0e3 aHmoMeTpro3a. OnpeneseHue moIryJisi-
OUOHHOTO CcOCTaBa JTUMQOIINTOB NepudeprniecKoil KpOBH, YPOBHSI MOHOIIMTOB, 3Kcnpeccupyomux TLR,
aKTUBALIMOHHBIX MapKepPOB, IIPOBOAMIIN METOIOM JIa3epPHOI ITPOTOYHOMI uToMeTpun — Immunotex (PpaH-
mus), Caltag (CIIIA), FITC (u3otuouuHar diyopecuenHa) — medensie CD3, CD4, CDS8, CD16, CD19,
HLA-DR, CD282, CD284 u PE(¢dpuxkospurpun) — meuensle CD25, CD69, CD95, CD107a, CD14.

Hapy>XHblii reHUTaJIbHBIN 9HAOMETPUO3 Xapaktepusyercs: 1ipu [-11 craguu 3aboneBaHus — HApyLIEHUEM
pPaHHUX 3TaloB BPOXIEHHOTO MMMYHHOTO OTBeTa (IMOBBILIEHUE KOJIUYECTBA MOHOIIMTOB, 3KCIIPECCUPYIO-
mnx TLR-4, HapyuieHueM mpolLeccoB akTUBALUMU U NUGMOEPEHIIUPOBKU UMMYHOKOMITIETEHTHBIX KJIETOK,
4YTO OTpaxaeTcsl B cHKeHuu skcnpeccun CD16, CD8, CD16"HLA-DR*, CD16"CD107a*, CD8*CD107a*,
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a ipu I11-1V cTannu 3abosieBaHus oTMeuyaeTcsl cHukeHur ypoBHst CD16 u mapkepoB aktuBarnuu CD69,
HLA-DR, CDI107a Ha nX MOBEPXHOCTH, YTO coUYeTaeTcs co cHMmKeHueM akcrnpeccun CD8, CD16, HLADR
u CD107a Ha nx nosepxHoctu. [oBeieHue CD16*CD95" u CD8*CD95" BbISIBJCHO IIPpU pa3IMYHbIX CTa-
nusax HI'D.

IMosydgeHHBIE pe3yJIBTaThI ITO3BOJISIOT ITOHITH OCOOEHHOCTU (PYHKIIMOHUPOBAHUS BPOXKICHHOTO W aaar-
TUBHOTO UMMYHUTETA Ha Pa3IUYHBIX CTAAUSIX HAPY>KHOTO TeHUTAJILHOTO SHAOMETPUO3a, a U3YYCHHbIC M-
MYHOJIOTUYECKHE TT0Ka3aTeJIM MOTYT OBITh MCIIOJIb30BAaHBI B KAYECTBE MMATHOCTUUYCCKUX KPUTEPHUEB (hOPMIU-
pOBaHMS pa3INIHLIX cTanuiit HI'D. DT maHHBIE MOTYT CIIYKUTh TSCOPETUUESCKOM OCHOBOU TSI JaJTbHEUIIICH
UIeHTUMUKALIMU MapKepoB TMporpeccupoBaHust HI'D, a Takxke MeXxaHU3MOB, JieXKallluX B OCHOBE UMMYHHO-
T'O BOCTIAJICHUSI.

Karouesvie crosa: eposicoennoiii ummyrnumem, aoanmuenviii ummynumem, TL R-peuenmopul, yumomokcu4yHoCmy, MapKepbl
AKMuUGauUlL, HapyJICHbLI 2eHUMANbHBLL SHOOMEMPUO3

IMMUNOLOGICAL FACTOR DEVELOPMENT OF EXTERNAL
GENITAL ENDOMETRIOSIS

Levkovich M.A,, Ermolova N.V,, Krukier LI, Pogorelova T.N.,
Kravchenko L.V.

Research Institute of Obstetrics and Pediatrics, Rostov State Medical University, Rostov-on-Don, Russian Federation

Abstract. External genital endometriosis (EGE) is one of the common gynecological diseases of women
of reproductive age with a relapsing, progressive course that worsens the quality of life of patients due to pain,
emotional imbalance, fear of relapse and possible surgical intervention. Currently, endometriosis is recognized
as one of the most common diseases associated with infertility. Thus, among fertile women with preserved
childbearing function, the disease is generally diagnosed in approximately 6-7%, while among patients suffering
from infertility, its frequency can reach 20-48%.

However, the causes that determine reproductive dysfunction in patients with EGE are not well understood.
Much attention is currently paid to the role of immunity in the formation of endometriosis. Patients with EGE
show changes in both local immunity factors and immunological components of circulating blood.

Purpose of the study: the study of factors of innate and adaptive immunity in patients of reproductive age
with external genital endometriosis (EGE).

The study included 71 patients with various stages of external genital endometriosis, the control group
included 24 patients without endometriosis. Determination of the population composition of peripheral
blood lymphocytes, the level of monocytes expressing TLR, activation markers, was carried out by laser flow
cytometry — Immunotex (France), Caltag (USA), FITC (fluorescein isothiocynate) — labeled CD3, CD4,
CDS8, CDl16,CDI19, HLA -DR, CD282, CD284 and PE (phycoerythrin) — labeled with CD25, CD69, CD95,
CD107a, CD14.

External genital endometriosis is characterized by: at stages I-II of the disease — a violation of the early
stages of the innate immune response (an increase in the number of monocytes expressing TLR-4, a violation
of the activation and differentiation processes of immunocompetent cells, which is reflected in a decrease in
the expression of CD16, CDS8, CD16"HLA-DR*, CD16"CD107a*, CD8*CD107a*, at II1I-1V stages of the
disease, there is a decrease in the level of CD16 and activation markers CD69, HLA-DR, CD107a on their
surface, which is combined with a decrease in the expression of CD8, CD16, HLADR and CD107a on their
surface. CD95* and CD8"CD95" were found at various stages of EGE.

The results obtained allow us to understand the features of the functioning of innate and adaptive immunity
at various stages of external genital endometriosis, and the studied immunological parameters can be used
as diagnostic criteria for the formation of various stages of EGE. These data can serve as a theoretical basis
for further identification of markers of EGE progression, as well as the mechanisms underlying immune
inflammation.

Keywords: innate immunity, adaptive immunity, TLR receptors, cytotoxicity, activation markers, external genital endometriosis
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Introduction

External genital endometriosis (EGE) is one of
the common gynecological diseases of women of
reproductive age with a relapsing, progressive course
that worsens the patient’s quality of life due to pain,
emotional imbalance, fear of relapse and possible
surgical intervention. Currently, endometriosis is
recognized as one of the most common diseases
associated with infertility. Thus, among fertile women
with preserved childbearing function, the disease is
generally diagnosed in approximately 6-7%, while
among patients suffering from infertility, its frequency
can reach 20-48% [1].

However, the causes that determine reproductive
dysfunction in patients with EGE are not well
understood. Much attention is currently paid to the
role of immunity in the formation of endometriosis [ 3,
4]. Patients with EGE show changes in both local
immunity factors and immunological components in
the circulating blood [2, 5].

To date, it is obvious that immune system disorders
play an important role in the development of EGE,
however, despite research in this area, there is
practically no information on markers of positive and
negative activation, cytotoxicity of T lymphocytes,
NK cells. Insufficiently studied are the mechanisms of
innate immunity, in particular, the level of monocytes
expressing TLR-2, TLR-4.

In this regard, the purpose of our study was to
study the factors of innate and adaptive immunity
in patients of reproductive age with external genital
endometriosis.

Materials and methods

Under observation there were 71 patients with
EGE, who were divided into two groups: group 1 —
women with I-1I stages of EGE (n = 31); Group
2 — patients with III-1V stages of EGE (n = 40). The
control group included 24 patients who were examined
in the Department of Operative Gynecology, who
underwent therapeutic and diagnostic laparoscopy.
In this group of patients, neither EGE, nor acute or
chronic inflammatory diseases of the pelvic organs,
nor benign neoplasms were detected intraoperatively.
Criteria for inclusion of patients in the study:
the reproductive age of patients 18-49 years, the
presence of complaints of infertility and/or pain
syndrome, body mass index 18.5-25 kg/m?, normal
body temperature, laparo- and hysteroscopy. with
morphological verification of the diagnosis. The
exclusion criteria from the study were: pubertal
and perimenopausal age of patients, malignant
neoplasms, severe extragenital pathology at the stage

of decompensation, acute infectious diseases or
exacerbation of their chronic forms. Determination
of the population composition of peripheral blood
lymphocytes, the level of monocytes expressing Toll
receptors (TLR), activation markers was carried out
by laser flow cytometry — Immunotex (France),
Caltag (USA), FITC (fluoresceinisothiocyanate) —
labeled CD3, CD4, CDS8, CD16, CD19, HLA-DR,
CD282, CD284 and PE (phycoerythrin) labeled
with CD25, CD69, CD95, CD107a, CDI14. The
results were taken into account on a BECKMAN
COULTER EPICS XL-II laser flow cytometer
(USA). To form a database and conduct a statistical
study, the capabilities of the Excel 2003 spreadsheet
processor and application packages (“Megastat” and
Statistica 6.0) were used. Descriptive statistics was
carried out with the determination of the values of
the median and interquantile range: Me (Q,s-Qy 7s)-
A p value < 0.05 was considered statistically signi-
ficant.

Results and discussion

Analysis of clinical data in observed women with
EGE showed a high percentage of primary infertility —
69%. In patients with stages I-11 of the disease — in
67.7% of cases, in patients with stages III-IV — in
70%. Secondary infertility occurs in 31% of patients
with EGE, while with minimal forms of the disease —
in 32.3%, and with severe forms of endometriosis —
in 30%. In women with EGE, chronic inflammatory
processes were detected in the same percentage of
cases (67.7%), and sexually transmitted infections in
patients with stage I-1I EGE were detected in 32.2%
of women, while in patients with EGE III-IV stages
are 2 times less.

Our work showed that the formation of external
genital endometriosis was accompanied by significant
changes in immunity parameters. When studying
the parameters of the immune status in the 1% and
2n groups, compared with the control group, a
statistically significant decrease in CD8 was revealed,
the most pronounced deviations were noted in the 2"
group, the indicators were 1.7 times lower than in the
control group (p < 0.05).

According to current data, NK cells are divided
into two types: typical CD56bright CD16-NK cells
producing cytokines, and CD56dimCD16* NK cells
characterized by high cytotoxicity. Analyzing the
indicators of the content of natural killers (CD16")
in the 1% and 2" groups, a statistically significant
decrease in their relative number was noted compared
to the control group (by 2.9 and 1.3 times, (p < 0.05);
indicators in the 2" group were lower than in the
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It (p < 0.05). The role of B lymphocytes in the
development of endometriosis and their relationship
with clinical symptoms and disease severity are not
well understood. In the 2™ group, the CD19 values
were higher than in the control group (p < 0.05), which
indicates the activation of the B cell link of immunity.

When analyzing the functional state of immu-
nocompetent cells, it was found that the level of
CDI16"CD69" in group 2 was lower than the values
in the control group and in group 1 by 2.0 times
(p < 0.05). The content of CD8"CD25" in the 2™
group was statistically significantly lower than in
the control group (p < 0.05). When studying the
expression of markers of late activation, a decrease
in CD16"HLADR" was revealed at various stages of
EGE, the most pronounced deviations were noted
in the 2" group, the indicators were 2 times lower
control (p < 0.05). The study of the content of CD8™,
expressing HLA-DR, showed their decrease in the 2"
group compared with the control group and the 1%
group (1.7 and 1.89 times (p < 0.05).

CD107a" is a marker for degranulation of CD8&8"
and CD16" lymphocytes.

The study of the number of CD16 lymphocytes
expressing the CD107a molecule involved in im-
mune inflammation through the mechanism of
cellular cytotoxicity revealed that in the 2™ group the
content of CD16"CD107a* was 2.6 times lower than
in the control group (p < 0.05), and 1 — 1.8 times
(p < 0.05). Similar data were found for the content of
CD8*CD107a%, the indicators in the 2"¢ group were
lower than the control level and group 1 by 1.7 and
1.1 times, respectively, (p < 0.05), which indicates a
decrease in functional activity natural killer cells and
cytotoxic T lymphocytes. The study of the content of
cytotoxic lymphocytes and NK cells expressing the Fas
receptor CD95" revealed an increase in CD16"CD95*
at various stages of ege. Similar data were found for
CD8*CD95*, their level exceeded the control values
in the 1% group by 1.2 times, in the 2" — by 1.46 times
(p <0.05).

It is known that the proliferation of endometrioid
lesions is regulated by the innate immune system.
Important components of the innate immune sys-
tem are Toll-like receptors (TLRs), which are type
1 transmembrane proteins with an N-terminal
extracellular domain. TLRs can be activated by
endogenous ligands, including lipopolysaccharide
(LPS), heat shock protein, S100, fibronectin, fatty
acids, neutrophil elastase, etc. In our study, groups
1 and 2 showed a statistically significant increase in
the number of peripheral blood monocytes expressing
TLR-4 (CD14"CD284"), compared with the control

group. The most significant deviations were noted in
the 2" group.

Thus, external genital endometriosis is charac-
terized by: at stages I-II of the disease, a violation
of the early stages of the innate immune response
(an increase in the number of monocytes expressing
TLR-4, a violation of the activation processes
of immunocompetent cells, which is reflected
in a decrease in the expression of CDI16, CDS8,
CDI16"HLA-DR*, CD16*CD107a*, CD8*CD107a",
at ITI-1V stages of the disease, there is a decrease in the
level of CD16 and activation markers CD69, HLA-
DR, CDI107a on their surface, which is combined
with a decrease in the expression of CD8 and CD16
lymphocytes, HLADR*, CD107a on their surface.
An increase in CD16*CD95" and CD8*CD95* was
found at various stages of EGE.

Aberrant immune responses of cytotoxic T lym-
phocytes and NK cells are trigger factors for the
development of endometriosis. Violation of the work
of innate immunity mediated by natural killers leads
to disruption of the functioning of adaptive immuni-
ty, the development and progression of endometriosis
and infertility. Immune dysfunction in endometriosis
is probably formed both due to a decrease in the num-
ber of cytotoxic T lymphocytes and NK cells, and due
to a functional defect [7]. The decrease in cytotoxicity
mediated by T lymphocytes and NK cells in women
with EGE may also be associated with the induction of
apoptosis along the Fas-FasL pathway and contributes
to the formation of endometrial heterotopias.

The revealed increase in the content of
CDI147CD284* in women with EGE suggests that
TLR-4-dependent signaling can lead to an increase
in the synthesis of pro-inflammatory cytokines and
chemokines, stimulates the proliferation of endo-
metrial cells, activates macrophages, DC, natural killer
cells, forming an inflammatory microenvironment,
contributing to the progression EGE.

Conclusion

The results obtained allow us to understand the
features of the functioning of innate and adaptive
immunity at various stages of external genital
endometriosis, and the studied immunological para-
meters can be used as diagnostic criteria for the
formation of various stages of EGE. These data may
provide a theoretical basis for further identification
of markers of EGE progression as well as underlying
immune inflammation. Further research is needed to
explore the role of cytotoxic T lymphocytes, NK cells,
and TLR signaling pathways in the pathogenesis and
molecular mechanisms of EGE.
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