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THE RELATIONSHIP BETWEEN

THE MICROBIOTA TYPE AND IMMUNE
RESOURCES OF THE ENDOMETRIUM
AMONG INFERTILE WOMEN

IN THE IMPLANTATION WINDOW PHASE

The features of the microbiota and the immune profile of the endometrium of women with infertility of different genesis during the "implantation
window" period have been studied. Endometrial phenotypes different in immune profile and microbiota profile within each group were identified
(with infertility of unclear genesis, tube-peritoneal genesis, chronic endometritis, "thin" endometrium): "normal," dysplastic, chronic inflammation.
The phenotype of chronic endometritis is revealed a significant predominance of cytokines of the pro-inflammatory Th1/Th1 profile in the presence
of a dysbiotic microbiota type. The features of the dysplastic endometrial phenotype consist in a "poor" immune response (cytokines, chemokines,
growth factors) against the background of pronounced fibrotic transformation. Ideas about the endometrial phenotype (normal, dysplastic, chronic
inflammation) are a criterion for readiness for blastocyst implantation.
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cillar and dysbiotic types of microbiota.

From the standpoint of molecular
mechanisms of embryo susceptibility
formation, the endometrium, with all the
scope of scientific papers, remains the
most unexplored tissue of the female
body. The microenvironment optimal for
embryo localization, adhesion, invasion
and implantation develops with differenti-
ation of endometrial stromal cells into de-
cidual cells and changes in the number
and functional activity of immune cells
[6,14]. The "subtle" mechanisms of im-
plantation failures are associated with the
difficulties of autocrine, paracrine and en-
docrine signaling, including sex steroids,
cytokines, chemokines, growth factors
and intracellular communication [16]. It is
reported that more than 80% of repeated
implantation losses occur on the back-
ground of an abnormal cytokine profile,
however, complex molecular biological
events associated with the violation of
blastocyst and endometrial interactions
have not been properly studied [13].

Changing ideas about the "sterility" of
the endometrium to the possible pres-
ence of commensals and pathogens
suggested their influence on local im-
mune factors, but such mechanisms in
the "uterine factor" of infertility require a
convincing evidence base [2,5]. Shifts in
bacterial balance with a decrease in the
proportion of the supposedly "beneficial"
microorganisms Firmicutes, Bacteroide-
tes, Proteobacteria and Actinobacteria
are associated with impaired modulation
of decidualization and implantation, acti-
vation of proinflammatory signaling path-
ways [2].

CE in 34-57.0% of women with repeat-
ed implantation failures is considered as
a potential factor of changes in the im-
mune environment on the background
of infection with strains of gram-negative
bacteria Escherichia coli and Gardnerella
vaginalis, Ureaplasma urealyticum and
Mycoplasma species [3,11]. The immune
characteristics of the endometrium, the
peculiarities of regulation of the main
biological effects associated with the re-
alization of fertility of women with CE,
the influence of the composition of the
microbiota on the components of the cy-
tokine network have not been sufficiently
studied. There are contradictory ideas
about the molecular biological abilities
of the "thin" endometrium, the effect on
its "fertile resource" of the activity of im-
mune cell populations and the microbiota
during the "implantation window".

The purpose of the research: to
study the features of the microbiota and
the immune profile of the endometrium of
women with uterine infertility in the phase
of the "implantation window".

Material and methods of the re-
search: A prospective examination of
101 infertile women of reproductive age
was performed, including those after in-
effective attempts of in vitro fertilization.
The selection and examination of women
was carried out at the bases of the Medi-
cal Center for Women's Health, the gyne-
cological department of the 36 City Clin-
ical Hospital of Moscow, the Department
of Assisted reproductive Technologies of
the Federal State Budgetary Institution
"National Medical Research Center of



Endocrinology" of the Ministry of Health
of the Russian Federation in Moscow, the
emergency medical center of the Repub-
lican Hospital No. 2 in Yakutsk. The con-
tingent is divided into groups: with unex-
plained infertility (n=11); with CE (n=22);
tubal-peritoneal infertility (TPI) (n=50);
with a "thin" endometrium (n=8).

The control group consisted of 10
healthy fertile women.

At the second stage, according to the
results of a comprehensive examination
(hysteroscopy, morphological and immu-
nohistochemical), groups of women with
different endometrial phenotypes were
formed: chronic inflammation (n=32),
dysplastic (n=47), norm (n=22).

Criteria for inclusion in the re-
search: age from 25 to 40 years; infertile
women with verified diseases: chronic
endometritis (CE) (morphologically or im-
munohistochemically); TPl (obstruction
of the fallopian tubes according to hys-
terosalpingography or chromotubation);
with infertility on the EGE background;
the absence of the male factor of infertili-
ty; the absence of infertility or fertility dis-
orders of any other genesis; a voluntary
informed consent to conduct the study.

Exclusion criteria: somatic diseas-
es in the decompensation stage, acute
inflammatory diseases of the pelvic or-
gans and infectious diseases (tubercu-
losis, syphilis, HIV infection, viral hepa-
titis, acute genital herpes), autoimmune,
mental diseases, the use of an intrauter-
ine device at the time of the study, the
absence of antibiotic therapy at least a
month before inclusion in the study.

The examination of infertle women
was carried out in accordance with the
order of the Ministry of Health of the Rus-
sian Federation dated August 30, 2012
No. 107n "On the procedure for the use of
assisted reproductive technologies, con-
traindications and restrictions to their use"
(ed. dated 11.06.2015 and 01.02.2018).
All patients signed an informed consent
to participate in the study.

The examination of infertile women in-
cluded assessment of complaints, anam-
nesis, general and gynecological exam-
ination, standard laboratory examination.

With sonographic CE signs on the 7-9
day of M.C., hysteroscopy was performed
with biopsy sampling for morphological
examination, confirmed by the detection
of plasma cells labeled CD 138+.

Aspiration pipelle biopsy of the endo-
metrium was performed in all patients
during the "implantation window" (on the
20th-24th day of the menstrual cycle, 6-8
days after the peak of ovulation.

Pathomorphological and immunohis-
tochemical examination of the endome-

trium was performed according to the
standard methodology on the basis of the
Research Institute of Human Morphology
(Director of the Institute — CM of Russian
Academy of Sciences, MD, Professor
L.M. Mikhaleva).

The obtained biopsies were fixed with
a 10% buffered formalin solution for 24
hours, followed by standard histologi-
cal wiring and embedding into paraffin
blocks. Histological sections 4 uym thick
were made using Sacura rotary micro-
scopes and stained with hematoxylin and
eosin. The study of the preparations was
carried out using a light microscope with
an increase from x50 to x1000.

The interpretation of the results was
carried out taking into account the stage
and phase of M.C.

Immunohistochemical (IHC) examina-
tion of the endometrium was performed
in the phase of the "implantation window"
(luteinizing hormone LH+7) to assess the
expression of cytokines, growth factors:
in the glandular epithelium and stromal
cells (TNF-a, IL-10, NRF2, GM-CSF and
CXCL16), in the glandular epithelium —
BCAT1, in the stroma — TGF-(.

The analysis of the results of the IHC
study was carried out taking into account
the number of stained cells and the in-
tensity of their coloring, the Histo-score
(HS) was calculated according to the for-
mula: HS=} (Pi x i), where Pi is the per-
centage of stained cells for each inten-
sity (from 0% to 100%), i is the intensity
of staining with the value 0 (absence),
1 — weak (light brown), 2 - moderate
(brown) and 3 — strong (dark brown). The
maximum score is 300. The analysis of
the results of the IHC study with antibod-
ies to TGF-B1 was carried out only in the
endometrial stroma by a semi-quantita-
tive method by estimating the number of
positive cells regardless of the intensity
of staining.

Data interpretation: 0 (the absence of
positive stromal cells), 1+ (the number of
cells up to 24%), 2+ (the number of cells
from 25% to 49%) and 3+ (the number of
cells from 50%).

The preparations were studied using a
Leica DMLB light microscope with a stan-
dard set of optics. Microphotography was
performed on a Leica DMLB universal bi-
ological microscope with a DFC420 color
digital camera using the standard Leica
Application Suite v. 3.7.0.

The reference data for the analysis of
the results of immunohistochemical stud-
ies were the data of healthy fertile women
(control group, n=10).

The sampling of material from the uter-
ine cavity for microbiological examination
was carried out with a double-cavity cath-
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eter for embryo transfer under aseptic
conditions.

Endometrial samples were exam-
ined by real-time polymerase chain
reaction (PCR) RT (Femoflor 16 tests,
Scientific Production Association 50
DNA Technology LLC (Russia)) to as-
sess the content of lactobacilli, oppor-
tunistic and pathogenic microorgan-
isms (chlamydia, gonococci, Mycoplas-
ma genitalium) in genome-equivalent
units (GE/ml) on the 1Q5 Multicolor
Real-Time PCR Detection System of
BIO-RAD (USA).

Samples with a bacterial titer sufficient
for identification are presented (two sam-
ples from the group with a proliferative
phenotype did not meet the condition,
therefore 38 samples are given for anal-
ysis). The protocol for patients' monitor-
ing and the examination program were
approved by the local Ethics Committee
of the Medical Institute of the Peoples’
Friendship University of Russia, the
study was carried out in accordance with
the principles of the Helsinki Declaration
of the World Association "Ethical Princi-
ples of Scientific and Medical research
with human participation”.

Statistical data analysis is performed
in the IBM SPSS STATISTICS 22 pack-
age.

The normality of the parameter dis-
tribution was checked using the Shap-
iro—Wilk test. Qualitative variables were
analyzed by constructing conjugacy ta-
bles using Pearson's chi-squared (x?)
agreement criterion, with a small number
of observations (less than 5), the exact
Fisher test was used. The differences
were considered statistically significant
at p< 0.05. Quantitative features are pre-
sented in the form of median (Me) and
upper and lower quartiles (25th and 75th
percentiles).

The Mann-Whitney U-test was used
for the analysis of quantitative features,
and the Bonferroni correction was used
for multiple comparisons (the level of sta-
tistical significance p<0.017).

Results and discussion. According
to the results of a comprehensive study
of the expression of cytokines, chemo-
kines and growth factors in the glandu-
lar epithelium and endometrial stroma
cells during the "implantation window" in
groups of women with infertility of various
genesis, phenotypes of normal endome-
trium, chronic inflammation and a dys-
plastic one were identified.

Molecular characteristics of the en-
dometrium within the groups were the
following: with CE — true inflammation
(n=12); dysplastic (n=10); "thin" endome-
trium (dysplastic) (n=8); with unexplained
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infertility — dysplastic (n=11); with TPI —
CE (n=20), normal variant (n=12), iden-
tical in terms of indicators in the control
group; dysplastic (n=18).

The conclusion about the dysplastic
phenotype of the endometrium during
hysteroscopy was made on the basis of
pallor and thinning, pathomorphologi-
cal conclusions about dystrophic-atro-
phic changes. Visual CE signs during
hysteroscopy (focal hyperemia, stroma
edema, micropolypes) were confirmed
by histological (inflammatory infiltration
of the stroma by lymphocytes, plasmo-
cytes, macrophages, in most cases dif-
fusely, around blood vessels and glands,
less often — focally), expression of the
CD138+ marker.

Variants of the endometrial microbiota
of women with different molecular pheno-
types are presented in Figure 1.

There were no significant differences
in the assessment of the total bacterial
mass (TBM) criterion in the groups, de-
spite the range of values of 10%-10” GE/
ml. When analyzing the composition and
number of microorganisms, the types of
microbiota were identified: lactobacillar
(the proportion of more than 90% of the
total bacterial mass) and non-lactobacil-
lar ("mixed" - with a proportion of lacto-
bacilli less than 90.0% and a low titer of
opportunistic microorganisms; dysbiotic
— in the presence of only opportunistic
pathogenic flora).

The lactobacillar type of microbiota
was detected in women with the pheno-
type of the "norm" of the endometrium,
half with the dysplastic one and a third
with CE. The non-lactobacillar type of
microbiota in the phenotype of chron-
ic inflammation was somewhat more
common than in the dysplastic one, but
without significant differences. The dom-
inance of the lactobacillar type over the
non-lactobacillar type (a decrease in the
titer of lactobacilli on the background of
the moderate growth of opportunistic flo-
ra) took place not only with the "normal"
phenotype of the endometrium, but also
with the dysplastic one (ratio index — 1:0;
1.1, respectively).

In the dysplastic phenotype of the
endometrium, a mixed type of microbio-
ta prevailed — 2.5 times more often than
with CE, however, no intergroup differ-
ences were found. In the group with CE,
endometrial dysbiosis was detected sta-
tistically significantly more often than in
the dysplastic type (p<0.001, x>=14.1),
due to the predominance of Gardnerella
vaginalis, Ureaplasma spp. and mixtures
of Atopobium vaginae/Enterobacteriace-
ae in high titers (10%-10" GE/ml), other
microorganisms in a titer of 10%-* GE/ml.

A similar microbial profile in CE was not-
ed by other authors [7].

The molecular phenotype of the "nor-
mal" endometrium is represented by a
balanced production of pro-inflamma-
tory and anti-inflammatory cytokines,
chemokines and growth factors neces-
sary for implantation (Figure 2). A mod-
erate increase in TNF-a is necessary for
the proper differentiation and develop-
ment of trophoblast cells, the formation
of embryo-maternal immune tolerance,
extracellular trophoblast invasion and
remodeling of spiral arteries [9]. We be-
lieve it is possible to assert the formation
of a receptive endometrium in the pres-
ence of a eubiotic microbiota profile and
the balanced expression of subtypes of
Th1-proinflammatory cells and T-regula-
tory (Treg) cells. Our data are consistent
with the statements about the favorable
role of the predominance of Lactobacillus
spp. on the frequency of pregnancy [12].

The leveling of the molecular biolog-
ical effects of the proinflammatory cyto-
kine "microenvironment" is associated
with a favorable effect on perfusion and
receptivity of the endometrium of moder-
ate expression of cytokine IL-10 [20].

The inflammatory type of immunoreg-
ulation in CE (Figure 3) was determined
by the excess expression of proinflam-
matory cytokines in the glandular epithe-
lium of the endometrium in comparison
with anti-inflammatory ones (an increase
in TNF- a - by 1.1 times (p=0,00), GM-
CSF (p=0,00), CXCL16 (p=0,00), BCA1
(p=0,00) - by 1.2 times, a decrease in
IL-10 — by 2 times (p=0,00)). In endome-
trial stroma cells, the expression level of
GM-CSF (p=0,00), TNF-a (p=0,00) and
CXCL16 was significantly higher than in
the control — 1.2 times (p=0,00), IL-10 —
1.8 times lower (p=0,00), NRF2 — some-
what lower (p=0,01), TGF-a was the

Only opportunistic flara

A decrease in the titer of lactobacilli +
the moderate growth of opportunistic
flara

Mon-lactobacilar type

Lactobacilar type

==

Mormal phenaty pe

lowest in comparison with other groups
(1 point) (p=0,01). The indicator of the
TNF-a /IL-10 immunoregulatory index in
glandular cells is 2.5 (with a norm of 1.1
in glandular cells) indicates molecular
disturbances in the interaction of immu-
nocompetent cells. We believe that it is
the analysis of immune "networks" that
will clarify the mechanisms of infertility
development in the presence of a dysbi-
otic endometrial profile.

The formation of a microenvironment
unfavorable for blastocyst implantation is
due to the induction by microorganisms
of a dysbiotic type of overexpression of
proinflammatory cytokines of the Th1/
Th17 profile, impaired tissue remodeling
and trophoblast invasion.

The data obtained allow us to state
that the abnormal immune microenviron-
ment during the "implantation window" in
the CE phenotype is due to an increase
in the GM-CSF inflammatory response
due to increased TNF-a production and
impaired transmission of its signals [10].
An increase in the level of chemokine
CXCL13 (BCA1) is believed to cause the
recruitment of plasma cells into the en-
dometrial stroma, the labeling of which
CD138+ confirms chronic inflammation
[20]. The low level of TGF-B and IL-10
expression in CE reflects the quantitative
or functional deficiency of the anti-inflam-
matory clone of Treg cells on the back-
ground of angiogenesis disorders and fi-
brotic transformation of the endometrium
[17]. The realization of molecular biologi-
cal effects in the "inflamed" endometrium
occurs on the background of a decrease
in NRF2-mediated antioxidant protection
in Treg cells [8].

Obviously, a change in the immune
profile of the endometrium with a dysbi-
otic microbiota profile disrupts decidual-
ization and architectonics, determines
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Fig. 1. Microbiota types at different phenotypes and variants at non-lactobacillary profile
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abnormal expression of sex hormone
receptors and an inadequate microenvi-
ronment for implantation.

We believe that in the development of
molecular phenotypes of the endometri-
um, it is not the type of microbiota that is
paramount (especially when mixed), but
the immune reactions induced by micro-
bial ligands that affect the difference in
the expression of pro-inflammatory and
anti-inflammatory factors, chemokines
and antimicrobial metabolites.

The pathogenesis of the phenotype
of chronic endometrial inflammation is
based on violations of the molecular in-
teractions of immunocompetent cells,
with the predominance of the pro-inflam-
matory Th1 subtype. Our data suggest
that the dysbiotic profile of the endometri-
um inevitably changes the composition of
local immunocompetent cells, which, with
factors recruited into the stroma, disrupt
the expression of steroid hormone recep-
tors. Overexpression of proinflammatory
markers (cytokines, chemokines, and
growth factors) in CE is associated with
the risk of implantation failures [19].

Dystrophic-atrophic changes forming
the morphological basis of the dysplas-
tic phenotype of the endometrium were
combined with a mixed type of microbi-
ota in 41.2% (a decrease in the titer of
lactobacilli <90.0% on the background of
an increase in opportunistic microorgan-
isms).

The molecular profile of the dysplas-
tic phenotype (Figure 4) was represent-
ed by a decrease in the expression of
all markers in glandular cells in compar-
ison with the control: GM-CSF — by 3.7
times (p=0,00), TNF-a — by two times
(p=0,00), IL-10 — by 1.8 times (p=0,00),
CXCL16 - by 1.9 times (p=0,00), BCA1
— by 2.6 times (p=0,00), NRF2 — by 1.2
times (p=0,00). The TNF-a/IL-10 index
was 1.0. In endometrial stromal cells, the
expression of GM-CSF was reduced by
2.7 times (p=0,00), TNF—a by 4.6 times
(p=0,00), IL-10 by 2.9 times (p=0,00),
and CXCL16 by 3.4 times (p=0,00), along
with the maximum TGF-f index (3 points)
(p=0,01) in comparison with other pheno-
types. The TNF-a/IL-10 ratio was 0.7.

The nature of the immune microen-
vironment of the dysplastic phenotype
during the "implantation window" indi-
cates an inhibition of the metabolic ac-
tivity of the endometrium, a change in
protein synthesis, and a decrease in an-
tioxidant potential. We believe that endo-
metrial susceptibility disorder caused by
fibrotic transformation as a result of multi-
ple intrauterine interventions is of interest
from the standpoint of the "aging" of the
local immune system. It is reported that
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the cause of implantation failures may
be premature aging of the endometrium
due to local immune stresses and in-
flammatory damage [1]. The increase in
"aging" decidual cells on the background
of inability to restore proliferative activity
leads to an excess of TGF- along with
suppression of the induction of differen-
tiation of CD4 +T cells to Th17 and a de-
crease in the level of Treg cells [15].

The violation of local immune surveil-
lance during the "implantation window"
is likely to be connected with the acti-
vation of molecular signaling cascades
associated with implantation disorders.
Inhibition of NRF2 expression should be
considered as the cause of a decrease
in antioxidant enzymes and the develop-
ment of chronic endometrial hypoxia [17].
A decrease in the expression of immune
factors during the "implantation window"
suggests defects in the mechanisms of
stroma decidualization and secretory po-
tential of glands, genes for controlling mi-
gration, proliferation, adhesion and cellu-
lar metabolism. Obviously, the molecular
biological profiling most asynchronous
to the implantation period in endometrial
dysplastic phenotype was revealed in the
presence of a non-lactobacillar (mixed)
type of microbiota.

Heterogeneity of microbiota types in a
metabolically "non-resource" endometri-
um probably correlates with the degree
of preservation of the cellular layer and
the sensitivity of receptors to steroid hor-
mones, as well as violations of intracellu-
lar metabolism.

Conclusion. The phenotypes of the
endometrium of infertile women are pre-
sented, mainly due to various immune
microenvironment during the "implanta-
tion window". The heterogeneity of en-
dometrial immune infiltration (cytokines,
chemokines, growth factors) and the
type of microbiota (lactobacillar, mixed
and dysbiotic types) detected in various
phenotypes (normal, dysplastic, chronic
inflammation) determine the "consisten-
cy" of the molecular environment for em-
bryo implantation. In the CE phenotype,

defective decidualization of the endome-
trium is associated with a violation of the
immune "landscape" during implantation
and the predominance of a pro-inflamma-
tory cytokine response. Implantation vio-
lation in CE is caused by the generation
of an excessive inflammatory reaction
and impaired recruitment of immune cells
necessary for the formation of immune
tolerance in the presence of pathogen-
ic bacterial flora (non-lactobacillar type
of microbiota). The features of the dys-
plastic phenotype of the endometrium,
connected with plastic deficiency, are
revealed in a violation of the organized
interaction of immune cells (cytokines,
chemokines, growth factors) on the back-
ground of severe fibrotic transformation.
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