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M1 — Macrophages Type 1

M2 — Macrophages Type 2

MF — Macrophages

APC — Antigen presenting cells

AUC — Area Under the Curve

BMI — Body Mass Index

CCL - Chemokine (C-C motif) ligand

CD - Cluster of Differentiation

CDC — Center for disease control and prevention
CRP - C-reactive protein

ECLIA - Electrochemiluminescence immunoassay
ELISA - Enzyme-linked immunosorbent assay
G-CSF — Granulocyte colony stimulating factor
GM-CSF - Granulocyte-macrophage colony-stimulating factor
hCG — Human Corion Gonadotropin

ICSI — Intracytoplasmic Sperm Injection

IDO - indoleamine -2,3-dioxygenase

IFN-y — Interferon y

IL — Interleukin

IVIG — Intravenous Immunoglobulin

LH — Luteinising Hormone

NK - Natural Killer Cells

NS — Not significant

PBMC — Peripheral Blood Mononuclear Cells

$II


https://www.cdc.gov/art/artdata/index.html

PBS - Dulbecco’s Phosphate Buffered Saline
PD-L1 - Programmed Cell Death Ligand 1
PRP — Platelet-Rich Plasma

RIF — Repeated Implantation Failure

ROC — Receiver Operating Characteristic
TGF-B — Transforming Growth Factor 3

Th — T helper cells

Tk - T killer cells

TNF-a — Tumour Necrosis Factor a

Treg — T regulatory cells

Trm - T resident mempory

VEGEF - Vascular Endothelial Growth Factor

vOT —yd T lymphocytes
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Patients suffering from repeated implantation failures (RIF) are increasingly
encountered in assisted reproduction clinics. This is a very challenging group for
reproductive practitioners because there is a lack of standardized approaches to
discovering the cause of this condition. Embryo implantation is a complex process that
depends on the presence of a receptive endometrium, balanced hormonal signaling, and
a properly regulated immune environment. According to recent publications, abnormal
endometrial immune regulation is found in 82% of RIF cases. Despite the growing
interest in the immunological aspect of embryo implantation, there is still no established
set of biomarkers to guide decision-making in RIF cases. The endometrial immune
microenvironment is composed of diverse immune populations, including NK cells,
macrophages, T lymphocytes, etc., which have key roles in the modulation of
implantation. Disorders such as increased cytotoxic NK cells or reduced levels of T
helper cells have been proposed as potential causes of implantation failure. Numerous
studies have suggested a variety of treatment approaches for endometrial immune
disorders. Unfortunately, the lack of defined immune markers hinders the clinical
application of local immunoregulatory therapies, both because of the lack of evidence
for a specific therapy and because of the lack of evidence for a direct effect of different
therapies. As a result, immune treatments aimed at improving implantation outcomes
are widely rejected by reproductive health professionals (reproductive health
professional organizations) due to insufficient supporting evidence. Identification of
reliable immune markers may facilitate patient stratification and personalized treatment
for RIF patients.

The aim of this dissertation was to characterize the endometrial immune profile in
women with RIF, thereby identifying key immune changes that could serve as
potential biomarkers for implantation failure. By correlating specific immune profiles
with clinical outcomes, this study aimed to establish a basis for the development of
targeted immunological interventions. In addition, the data accumulated in this work
may allow the evaluation of the effectiveness of various immunoregulatory therapies,
addressing a critical gap in the practice of modern reproductive medicine.

The presence and distribution of immune cells in the endometrium was assessed by
immunohistochemical staining and analysis with visual analysis software. In this way,
immune parameters can be defined that can be used as indicators of endometrial
receptivity and guide future therapeutic strategies for patients suffering from RIF.
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This study has the potential to improve understanding of the causes of recurrent
implantation failures by linking theoretical reproductive immunology and clinical
practice and contribute to the validation of evidence-based immune interventions
(theoretical and practical). The identification of immune markers will pave the way
for personalized reproductive treatments, improving outcomes in patients undergoing
in vitro procedures.
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The aim of this dissertation was to establish immune indicators of endometrial
receptivity that would assess the effectiveness of local immunotherapy in in vitro
patients with recurrent implantation failures.

To achieve this goal, the following tasks were set:

1!

2.

Collection of clinical data for the studied patients — serological studies and
results of in vitro procedures.

Quantitative and qualitative determination of the immune populations present
in the endometrial stroma during the mid-luteal phase in patients with recurrent
implantation failures.

Determination of the differences in the amounts of immune populations in the
endometrial stroma during the mid-luteal phase between patients with
successful and unsuccessful embryo implantation.

Selection of endometrial immune indicators for endometrial receptivity.
Determination of the composition of peripheral blood mononuclear cells
(PBMCs), as well as secreted products after cultivation.

Determination of the effect of the applied PBMC treatment on the success rate
after embryo transfer.

Determination of the effect of the applied PBMC treatment on the selected
immune indicators for endometrial receptivity.

Comparison of endometrial immune receptivity indices before and after
PBMC placement according to the embryo transfer outcome.
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The present study was conducted in two stages. In stage 1, immune markers in the
endometrium of patients with repeated implantation failures (RIF) and upcoming
embryo transfer, resulting in successful or unsuccessful implantation, were compared.
Based on a statistical analysis, immune markers were selected that showed significant
differences between cases with successful and unsuccessful implantation.

In phase 2, the effect of the administration of a cellular “medicine” from autologous
peripheral blood mononuclear cells (PBMC) on the immune parameters selected from
the previous phase was investigated. Endometrial biopsies were taken from a group of
patients (meeting specific inclusion/exclusion criteria) before and after the
administration of the cellular medicine and the aforementioned immune parameters
were compared. The results of embryo transfer after PBMC administration and the
relationship with the aforementioned immune parameters were also examined.

The following methods were used in the study:
| "#EH%&"()*+,-.
Ultrasound-guided endometrial biopsy
Ultrasound-guided follicular aspiration
Ultrasound-guided embryo transfer
Intrauterine implantation of PBMC

1&0,1&* 12'()*+,-.

Menstrual cycle day dating using modified Noyes criteria

Semen analysis and ejaculate processing for intracytoplasmic sperm injection (ICSI)
Intracytoplasmic sperm injection (ICSI)

Cultivation and quality assessment of embryos

Freezing and thawing of embryos

Electrochemiluminescence (ECLIA)

Enzyme-linked immunosorbent assay (ELISA)

Isolation and culture of PBMC



Cell viability assay

Flow cytometric analysis of cell populations in peripheral blood
Histochemical staining of endometrial biopsies

Immunohistochemical staining of cell populations in endometrial biopsies
Microscopic analysis

Quantitative visual analysis using visual processing software

3*RMHIHYR™ ().

Kolmogorov-Smirnov test
Spearman rank correlation analysis
Student's t-test

Mann-Whitney U-test

Wilcoxon Signed Rank test

ROC curves and AUC estimation

Determination of the optimal limit based on the minimum absolute value of the
difference between the sensitivity and specificity values

The tests for difference, descriptive, correlation statistical analysis, the preparation of
ROC curves and the AUC estimation were performed with SPSS software (v. 21, IBM).

The preparation of the figures and the graphical presentation of the results were done
using SPSS v.21 (IBM, Chicago, IL, USA), Graph Pad Prism 10 (GraphPad, San Diego,
CA), HALO Image Analysis Software v3.4.2986.185 (Indica Labs, Albuquerque, NM,
USA) and BioRender.com software.
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Representative staining for all markers studied, hematoxylin and eosin staining, and
negative control are presented in Figure 4.1.

Hem & Eos Negative control CD3+ T lymphocytes

CD4+ T helper cells CD8+ T killer cells CD14+ Monocytes
o
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CDS6+ NK cells CD68+ Macrophages CD79a+ B lymphocytes
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, 1G=45t0D: Representative photographs of stained preparations of mid-secretory
phase endometrium with the antibodies used.

The percentages of studied immune cells in the endometrial stroma of all stage 1 patients
in median and range are presented in Figure 4.3.
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The correlation analysis showed that all studied immune cells in the endometrial stroma
correlated significantly (p<0.001). The highest correlation coefficient was observed
between MF and T lymphocytes (R=0.563, p<0.001), NK cells and Mon (R=0.588,
p<0.001) and NK and B cells (R=0.547, p<0.001). The weakest correlation was found
between the pairs Th and T lymphocytes (R=0.16, p<0.001) and Mon and T
lymphocytes (R=0.21, p<0.001). Regardless of them, however, all considered
correlations have a high p coefficient and are positive. When one cell type increases,
the others are also increased (Figure 4.3).
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,1G=45t O’P) A) median percentage and range of the studied immune cells; B)
Correlogram of Spearman correlation coefficients between the percentages of the
studied immune cells. All correlations are significant (p<0.05).
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The quantities of the studied immune cells and the differences between them in the two
groups (with successful and unsuccessful embryo implantation) are described in Table
4.2 and Figure 4.4.
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&83E5t0’RUImmune cells in stage 1 patients according to implantation outcomett

) SEE<t 1=HH5<<|=E+ O ; <=HH5<<I=E+ #168E=5+
TIMES;9897-J+| 1 JIMES;9897: 5+

Total T cells, % 0.51(0.62) 0.81 (0.43) 454667
T helpers (Th), % 0.20 (0.37) 0.17 (0.19) I"#$%
T killers (Tk), % 0.40 (0.36) 0.36 (0.35) I"&%&
Natural Killers (NK), % 0.43 (0.42) 0.48 (0.53) I"&%&
Macrophages (MF), % 0.51 (0.45) 0.64 (0.49) "&)
Monocytes % 0.74 (0.62) 0.58 (0.43) 45489
B cells (B), %t 0.05 (0.09) 0.06 (0.11) "#$()

Data is presented as median and IQR
p-values according to Mann-Whitney U Test
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Correlation analysis showed that most of the studied immune cells correlated
significantly in both groups (p<0.001). The only exception was the pair of NK cells and
T lymphocytes, which showed no correlation in the group with successful implantation
(p=0.271), while it correlated significantly in the group with unsuccessful implantation
(p<0.001) (Figure 4.5).
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, 1G=4507S) Spearman correlation correlograms of coefficients between the percentages
of the studied immune cells in the groups with A) successful and B) unsuccessful
implantation after embryo transfer. The boxes in gray indicate a non-significant

correlation (p>0.05).
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A comparison was made of the ratios between the different types of immune cells in the
two studied groups (with successful and unsuccessful embryo implantation). Table 4.3
shows the ratios and differences between them.

&83E5t0?PtImmune cell ratios between stage 1 patients according to implantation
outcomet
%8971+ 1=HH5<<I=F+ O ; <=HH5<<I=E+ #168E=5t
TIMEB;9897: ;+ TIMES ;9897 ;4
(TU&t VMWRXD?YRZ V?[RXV?0RZt VVSR\+
NK/Tk 1.24 (0.87) 1.15 (1.06) 0.881
NK/Th 2.38(3.48) 2.82(5.34) 0.201
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NK/B 7.51 (10.09) 7.44 (6.84) 0.282
NK/MF 0.78 (1.04) 0.83 (0.69) 0.523
QR VISWV2PWE: VIJDHVI0[Z: VO
N8 VI[WHDPSZ: VIS [HVIPWZ: VADY\¢
&KI& VIORHVWOZ: VD [+V2DWZ: VVVR\¢
B/T 0.12 (0.19) 0.09 (0.15) 0.253
Ll D]V Z+ V7] SHVISRZ: VWP
&l V7] YHVWDZ: DIPVEVI[YZ+ _VVWD\t
&KI&N VISRAVI] 12 VIPPHVISYZ: VIVSR\¢
B/Tk 0.16 (0.27) 0.17 (0.24) 0.623
Tk/MF 0.74 (0.46) 0.80 (0.52) 0.781
Tk/Mon 0.47 (0.43) 0.63 (0.49) 0.097*
Th/Mon 0.26 (0.36) 0.25 (0.24) 0.574
&KIC ,+ VIP[+V20]2: VIROHVIROZ: VVYR\¢
B/Th 0.34 (0.60) 0.48 (0.53) 0.103
20" 5 VIVY#VIDRZ: VDD#VDRZ: VIVRS\¢
M®/Mon 0.76 (0.66) 0.80 (0.61) 0.245
B/MF 0.10 (0.17) 0.13 (0.14) 0.289
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Data is presented as median and IQR
p-values according to Mann-Whitney U Test
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Of the studied immune indicators described above (items 3 and 5), those that showed
significant (p<0.05) or close to significant (0.05<p<0.1) differences in the groups with
successful and unsuccessful implantation were selected to be analyzed for significance
in predicting the outcome of embryo implantation, namely: percentage of total T
lymphocytes, percentage of monocytes, ratios: NK/T, NK/Mon, Th/T, Tk/T, M®/T,
T/Mon, Th/Tk, B/Mon, Th/M®, Tk/Mon.

It was found that for the percentage of total T lymphocytes, the percentage of
monocytes, the ratios NK/Mon, T/Mon, B/Mon and Tk/Mon, the AUC (area under the
curve) has a value less than 0.6, which indicates a low discriminative value of the
selected indicators. For the ratios NK/T, Tk/T, Th/T, MF/T, Th/Tk and Th/MF, the AUC
is higher than 0.6, which indicates a high discriminative value of the selected indicators
(Table 4.4 and Figure 4.6).

&83E5t0700 Area under the curve in stage 1 data

Area under the curve (AUC)

Cells/ratios AUC | Standard | Sig ofthe Asymptotic 95%
error' | asymptotis’ confidence interval

Lower value | Upper value

Total T cells 0.357| 0.054 0.011 0.252 0.462
Monocytes 0.593| 0.055 0.096 0.484 0.702
(T8 VI[DVY  VVSO: VIVSR VISVP VIID[

NK/Mon 0.389| 0.055 0.046 0.282 0.496
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&MN&t VI[PY4  VNS[H VDY+ V?SRY+ V7]0]+
&KU&+ VI[YO{  VNSIH VVVRt VIS]St V7JWO+
"L V&t VILIW  VVSO+ VIVVP+ VISPt VI1]St
T/Mon 0.293| 0.052 0.000 0.191 0.395
&KI&N VI[D]  VNVSY+ VVSRt V?SVP+ V7]PV+
B/Mon 0.374| 0.053 0.025 0.270 0.479
&KI" ", + VI[VPY  VNS]+ VVYRt V?I0WRt V7]DO¢
Tk/Mon 0.404| 0.056 0.097 0.294 0.515
a. Non-parametric assumption

b. Null hypothesis: area under the curve = 0.5

Cut-off values were determined for the NK/T, Tk/T, Th/T, MF/T, Th/Tk and Th/MF
ratios. The NK/T ratio with a value of 0.67 (AUC 0.610, 95% CI 0.50-0.72) was
associated with 58.2% sensitivity and 59.1% specificity for predicting success after
embryo transfer. The Tk/T ratio with a value of 0.63 (AUC 0.638, 95% CI 0.53-0.75)
was associated with 61.0% sensitivity and 60.5% specificity for predicting. A Th/T ratio
value of 0.24 (AUC 0.68, 95% CI 0.58-0.79) has 64.4% sensitivity and 64.1%
specificity, while for MF/T a value of 0.85 (AUC 0.67, 95% CI 0.56—0.78) shows 66.2%
sensitivity and 66.7% specificity. A Th/Tk ratio value of 0.41 (AUC 0.62, 95% CI 0.50-
0.73) was associated with 58.9% sensitivity and 60.0% specificity for prediction and a
Th/M® ratio value of 0.28 (AUC 0.60, 95% CI 0.49-0.71) was associated with 59.7%
sensitivity and 59.0% specificity for prediction of success after embryo transfer. The
predictive ability indicators — cut-off values of each of the indicators — positive
predictive value (PPV), negative predictive value (NPV) and accuracy (Accu) are
described in Table 4.5.
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&83E5t 0?S) Cut off values for the selected immune cell ratios. PPV (positive

predictive value); NPV (negative predictive value); Accu — accuracy.
%897:+ D=0zt | 15;<7971679L+ | IMSHTITHIILt | ##B+ | (#Bt | "HH=t
NK/T 0.67 58.2% 59.1% 68.4% | 48.1% | 58.56%
Tk/T 0.63 61.0% 60.5% 67.9% | 53.1% | 60.78%
Th/T 0.24 64.4% 64.1% 73.1% | 54.3% | 64.29%
MF/T 0.85 66.2% 66.7% 76.3% | 54.9% | 66.36%
Th/Tk 0.41 58.9% 60.0% 67.3% | 51.1% | 59.38%
Th/MF 0.28 59.7% 59.0% 69.8% | 47.9% | 59.41%

When summing the indicators that predict successful implantation for each patient and
comparing these sums according to the success rate after embryo transfer, it turns out
that there are significant differences in this sum between successful and unsuccessful
cases. In women with successful implantation, significantly more one-dimensional
immune indicators that predict success are observed according to their value relative to
the cut-off value (Figure 4.7).
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, 16=45t07]¢tSum of endometrial immune indicators that predict success, according to
implantation success rate after embryo transfer.t t
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In stage 1 of the study, we analyzed data on the quantities and ratios of immune cells in
the endometriums of women with RIF who had undergone an in vitro procedure and
had a result after embryo transfer.

The presence of all studied immune cell types (Total T lymphocytes, Th, Tk, Mon, MF,
NK and B lymphocytes) in all samples from the selected patients clearly indicates that
the immune component in the endometrium is a major player in reproductive processes
such as embryo implantation. The most widespread immune cells in the endometrial
stroma turned out to be CD3+ T lymphocytes, which is an expected result, since they
are the main type of lymphocytes, which include many other T lymphocytes that are
important for immune processes (T helpers, etc.). The presence of at least B
lymphocytes in all samples can also be explained by their function. Increased antibody
production in the endometrium would interfere with natural reproductive processes such
as insemination and implantation, while the low amount of B cells could be sufficient
to protect against pathogens accidentally entering the uterus.

When examining the immune composition of the endometrial stroma from patients in
the group with successful and unsuccessful implantation after embryo transfer, there
was no significant difference in the percentages of the main immune cell types. Only
one exception was found — the percentage of CD3+ T lymphocytes was significantly
lower in the representatives of the group with successful implantation. Other authors
also observed a higher number and density of total T lymphocytes in patients with
recurrent implantation failures (Kavvadas et al., 2022), while there are also studies that
did not find a difference in the percentage of CD3+ in the uterus between fertile and
patients with recurrent implantation failures (Kolanska et al., 2019). These
contradictory results indicate the need for a more comprehensive monitoring of immune
populations in the endometrium. The specific number of each cell population does not
affect endometrial receptivity. A high or low percentage of the studied immune cells in
the endometrial stroma, in itself, has no bearing on the success rate after in vitro. What
is important, however, is the presence of sufficient counter-reactive and regulatory
immune cell types, through which the entire immune population in the endometrium
exerts a balanced and unidirectional effect. This is probably the reason for the
significant differences in immune ratios observed by us between successful and
unsuccessful cases.

The hypothesis that the specific number of each cell population is not relevant to
implantation success, unlike the balance between immune populations, is further
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supported by the result regarding significant associations between immune cell counts.
The observed strong correlation between all studied immune cell types indicates that
they act in concert in the preparation of the tolerant endometrium. The positive
correlation between B cells, T lymphocytes, MF and NK cells has also been found in
other studies (Zhao et al., 2020). However, the pair of NK and total T cells did not show
a correlation in patients with successful implantation, unlike in cases of impaired
implantation, where this pair presented a high correlation coefficient. Poor results of
assisted reproduction are often caused by hidden inflammation of the endometrium,
which is characterized by a proportional increase in the number of NK and T
lymphocytes (Cook et al., 2014). Although no significant difference in the percentage
of NK cells was found in the patients studied, the significant correlation observed
represents the coherence in the action of NK and T lymphocytes. Cytotoxic endometrial
NK cells promote the proliferation of T lymphocytes and thus induce a pro-
inflammatory environment that may be detrimental to fetal survival (Sharma, 2014).
The NK/T ratio, which is significantly higher in successful cases, indicates the need for
a balance between these two cell populations. At a cut-off value of 0.67, a high positive
predictive power of this indicator is observed (Table 4.5).

The action of cytotoxic endometrial NK cells also results in the induction of a shift in
the CD4+ Th profile towards the secretion of Thl cytokines and the activation of
immature CD3+ T cells towards their transformation into T effectors (change in the
Th/Tk ratio). Some authors have linked the change in the Th/Tk ratio to implantation
failure (Marron et al., 2019a; Marron et al., 2019b). This result is replicated in our study
with a significantly lower Th/Tk ratio in the implantation failure group with reduced Th
and/or increased percentage of Tk lymphocytes. Furthermore, a cut-off value for the
Th/Tk ratio of 0.41 shows a predictive value for implantation success in the studied
patients with high accuracy (Table 4.5). Given that no difference in Th or Tk
percentages was found in samples from RIF patients with successful and unsuccessful
embryo implantation, it is confirmed that a balanced relative expression of the two T
lymphocyte populations is necessary for successful embryo implantation. This balance
requires the presence of two major subtypes of Tk immune cells, CD8+ T cells involved
in tissue memory function and CD8+ T effectors that secrete TNFa, IFNy, etc. Despite
their negative effect on embryo development, CD8+ effector cytokines are responsible
for cell differentiation, tissue remodeling, and spiral artery remodeling, which are
necessary to maintain embryonic attachment to the endometrium (Terranova et al.,
1995). CD4 positive Th cells control the action of CD8+ T effectors in two ways: by
secreting cytokines such as IL-10 and TGF-f or by participating in the programming of
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CD8+ T cells to differentiate into long-term memory cells (Zhang et al., 2018). CD8+
tissue memory T cells are responsible for both the rapid response to tissue reinfection
with pathogens through the rapid release of IFN-y and other pro-inflammatory cytokines
and chemokines, and for the secretion of anti-inflammatory cytokines IL-4, TGF-
(Huang et al., 2020). The fetus-specific CD8+ T cell response is initiated during
implantation and pregnancy to stimulate the anti-inflammatory and non-cytotoxic
action of T lymphocytes (Tilburgs et al., 2010) (Figure 5.1). For this reason, a
significant increase in the Tk/T ratio was found in patients with successful implantation.
At a cut-off value of 0.53, a high positive predictive value for success after embryo
transfer was observed in women with previous implantation failures (Table 4.5).

Successful embryo implantation Unsuccessful embryo implantation
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,1G=45tS1DQ Immune cell interactions during implantation window in the successful
(left) and unsuccessful (right) embryo implantation cases. Arrows colo: green —
activation, purple — turning into, blue — cytokine interaction, red — blocking.

The role of CD4+ Th lymphocytes in the dynamic process of implantation is also
reflected by the difference in the Th/T ratio between the groups with successful and
unsuccessful embryo implantation observed in this study. In patients with successful
implantation, CD4+ T cells were found to be more widely represented in the entire T



lymphocyte family with a cut-off ratio of 0.24. This cut-off value indicates a high
accuracy of predicting success after embryo transfer (Table 4.5). The predominant Th
population during the preimplantation period expresses a Thl phenotype, which is
required for implantation as it is involved in tissue remodeling and angiogenesis (Wu
et al., 2020). During the implantation period, the behavior of endometrial Th cells
changes to a Th2-type phenotype, which promotes tolerance to the embryo. The
presence of a Th1 pro-inflammatory environment during the late stages of implantation
is associated with failed implantation. Therefore, a relatively higher Th/T ratio allows
more CD4+ T cells to undergo a Th2 phenotypic shift. In turn, the shift toward Th2
favors the activation of B cells over T effector cells, which helps engraftment to proceed
(Marron et al., 2019a, Marron et al., 2019b) (Figure 5.1).

Another interesting difference observed in the first stage of the study was that the MF/T
ratio was also significantly higher in the group with successful implantation. This ratio
has been discussed in other studies regarding its potential prognostic value in various
types of cancer. According to the data available in the literature, an increase in this ratio
is associated with an increased risk of further growth of the cancer, suggesting that there
is an active mechanism in the control of T cells and macrophages on tissue invasion
(Xin et al., 2021). Regarding the embryo implantation process, we also observed a
higher probability of endometrial tissue allowing embryo invasion in patients with a
MEF/T ratio higher than 0.85. Other studies have found increased MF in patients with
reproductive failure compared to healthy controls (Wang et al., 2021). However, the
balanced presence of T lymphocytes, at a ratio higher than 0.85, predicted implantation
success in patients with recurrent implantation failures with the highest accuracy of all
indicators at 66.7% (Figure 5.1).

Macrophages play a crucial role in the endometrium during the implantation process,
as they regulate glandular remodeling (Garry et al., 2010) and angiogenesis through the
production of vascular endothelial growth factor (VEGF) (Sharkey et al., 2000). It has
been shown that the majority of the endometrial macrophage population in humans and
mice has an immunosuppressive phenotype (M2), which develops under the influence
of IL-10, transforming growth factor-p (TGFp), glucocorticoid hormones, interleukin-
4 (IL-4) and interleukin-13 (IL-13) (Heikkinen et al., 2003). However, the proliferation
of T cells and their secretion of IFNy, TNFa and/or lipopolysaccharides leads to a
proinflammatory activation pathway (M1) to produce cytotoxic macrophages that are
aggressive towards the invading embryo (Mantovani et al., 2002). In addition to directly
inhibiting the MF-T effector, MF secrete cytokines (IL-10 and TGF-) and metabolic
byproducts (indole 2,3-dioxygenase (IDO)) that suppress the function of effector T cells
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and convert naive T cells into T regulatory cells (Smith et al., 2012; Annacker et al.,
2003; Curtsinger and Mescher 2010). T regulatory cells, in turn, participate in
angiogenesis and control of cytotoxic cells in the endometrium by secreting TGF-f3, IL-
10, etc. (Vignali et al., 2008) (Figure 5.1).

For the above reasons, it can be assumed that the selected immune indicators of
endometrial receptivity — NK/T, Tk/T, Th/T, MF/T, Th/Tk and Th/MF, can be used as
indicators of the state of the endometrium in relation to implantation. The defined cut-
off values show high accuracy for predicting implantation success after embryo transfer
(Table 4.5). In addition, the sum of the indicators that predict success after the procedure
also shows high significance in predicting the outcome of embryo transfer (Figure 4.7).
Endometrial receptivity can be assessed by considering the listed indicators and
individual treatment can be undertaken according to the judgment of the reproductive
specialist. In addition, immune indicators of endometrial receptivity can also be used to
consider the effectiveness of a certain immune treatment before embryo transfer is
performed.

One of the most popular and effective immune treatments, in terms of the outcome
after the in vitro procedure, is the intrauterine placement of peripheral blood
mononuclear cells (PBMCs). In the second stage of the present study, we used
selected immune indicators of receptivity to characterize the effect of intrauterine
placement of autologous PBMCs.
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The type and quantity of isolated lymphocytes from peripheral blood was determined
by flow cytometry. The mean values of the percentage of cells of each type and the
standard deviation for the studied parameters are summarized in Table 6.3.

&83E5¢[ Pt immune cell counts in the isolated PBMC.+

) 5EE<t %!,tM8I15;9<t | ) o ;94:EG4 =Mt T +68E=5¢
Lymphocytes, % 60.72+7.75 62.14+5.67 NS
Total T cells % from 60.62+11.17 59.71+18.43 NS
lymphocytes
T helper / Total T cells 29.88+12.42 30.87+13.32 NS
DPT / Total T cells 0.57+0.51 0.64+0.70 NS
T killers / Total T cells 25.30+10.40 26.39+11.75 NS
DNT / Total T cells 4.89+3.00 8.14+4.36 NS
Monocytes, % 12.90+4.11 12.56+3.41 NS
Granulocytes, % 2.40+1.76 2.99+1.48 NS
Th/Tk, ratio 1.44+0.82 1.4240.81 NS
Data is presented as mean and standard deviation
p-value according to Student T test

According to the flow cytometric analysis, the composition we found is similar to that
described in the literature (Kleiveland et al., 2015). The highest percentage of
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lymphocytes (60.7%) was found in the isolated PBMC, with minor deviations, which
included T lymphocytes, B lymphocytes and NK cells. Further study of the composition
of the T lymphocyte fraction in the isolated PBMC showed that the ratio between Th
and Tk was 1.44 (Table 6.3 and Figure 6.2).
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The effect of culturing isolated PBMCs with and without hCG was assessed by
comparing the survival of cultured cells and the concentrations of major pro-
inflammatory (TNF-a and IL-6) and anti-inflammatory (IL-4 and IL-10) cytokines
secreted into the medium for 24 hours of incubation.

Our data showed that the viability of PBMC cultures did not differ between hCG-treated
and untreated cultures (79% vs 81%, p>0.05).

No significant differences were found in the secretion of any of the cytokines tested
between hCG-treated and untreated PBMC cultures (p>0.05) (Figure 6.3).
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Similar amounts of pro- and anti-inflammatory cytokines were detected in the medium
of hCG-treated and untreated cultures, indicating that immunomodulation of PBMC
with hCG has no effect on the pro- and anti-inflammatory profile of PBMC. Therefore,
in this study, it was chosen to work with untreated PBMC. +
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The amount of CRP in the blood plasma was examined on the day of blood collection
for PBMC (day LH+4) and 2 days after PBMC placement (LH+7). According to the
Wilcoxon-Signed Rank Test, no differences were found in the values before and after
placement (0.24mg/1 vs. 0.26mg/l, respectively, p>0.05). Therefore, we believe that

intrauterine placement of autologous PBMC does not lead to the manifestation of
systemic inflammation.
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Selected immune markers of endometrial receptivity were examined before and after
PBMC placement. Table 6.4 describes the results and the differences between them
according to the Wilcoxon-Signed Rank Test.

&83E5+ [700+ Endometrial immune cells and ratios before and after PBMC
administrationt

Indicators Before PBMC After PBMC P value
Total T cells, % 3.35(2.06) 4.23 (3.49) 0.293
T helpers (Th), % 0.58 (1.10) 1.52 (1.49) 0.003*
T killers (Tk), % 2.39(2.38) 2.43 (1.74) 1.000
Natural Killers (NK), % 4.87 (5.18) 4.00 (8.36) 0.462
Macrophages (MF), % 4.45 (3.02) 4.55(3.21) 0.791
NK/T 1.38 (1.08) 1.14 (0.91) 0.192
Tk/T 0.61 (0.61) 0.47 (0.75) 0.696
Th/T 0.17 (0.30) 0.32 (0.39) 0.031*
MEF/T 0.96 (1.05) 0.89 (1.05) 0.767
Th/Tk 0.32 (0.44) 0.55 (0.62) 0.011%*
Th/MF 0.17 (0.31) 0.46 (0.42) 0.037*
Data is presented as median and IQR

p-values according to Mann-Whitney U test
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When examining the amounts of immune cells in the endometrial stroma of patients
before and after PBMC placement, it was found that after PBMC placement, the amount
of CD4+ Th increased significantly (p=0.003).

When comparing the selected endometrial receptivity ratios from stage 1, significant
differences were found in the Th/T (p=0.031), Th/Tk (p=0.011) and Th/M® (p=0.037)
ratios. The medians of the considered ratios increased significantly, with the exception
of M®/T, which decreased. Figure 6.4 presents the change in the indicators in each

individual case.
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Selected immune markers of endometrial receptivity after PBMC placement were
compared between patients with successful and unsuccessful implantation. The MF/T
ratio was significantly higher after PBMC placement in women with successful
implantation (p=0.006). The remaining immune markers did not show significant
changes (Table 6.6 and Figure 6.6).

&83E5+[?[({immune cell ratios after PBMC administration according to implantation
outcomett

Indicator Successful Unsuccessful P value

implantation implantation

NK/T 1.54 (1.47) 1.25 (2.81) 0.412
Tk/T 0.38 (0.81) 0.38 (1.48) 0.648
Th/T 0.37 (0.51) 0.33 (0.58) 0.927
MEF/T 1.93 (1.24) 0.67 (1.08) 0.006*
Th/Tk 0.48 (0.26) 0.40 (1.46) 1.000
Th/MF 0.18 (0.15) 0.50 (1.45) 0.230
Data is presented as median and IQR
p-value according to Mann-Whitney U Test
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, 1G=45t[?[Q Values of selected endometrial immune indicators for receptivity of each

patient after PBMC, in groups by success rate. The cut-off values for the immune
indicators determined in stage 1 are noted. A) NK/T; B) Tk/T; C) Th/T; D) MF/T; E)

Th/Tk and E)Th/MF. +
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Selected immune markers of endometrial receptivity were compared before and after

PBMC placement in the group of patients with successful implantation after treatment.
The MF/T ratio showed a near-significant (p=0.068) change after PBMC placement.
Looking at the median percentages of immune cells in the endometrial stroma before
and after PBMC placement, it can be said that the increase in the MF/T ratio may be
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due to a decrease in total T lymphocytes and an increase in macrophages, although this

change was not significant (Table 6.7 and Figure 6.7).

&83E5¢[7]Q Endometrial immune indicators before and after PBMC administration +

Indicatort Before PBMC+ | After PBMCt P valuet
& 298+ &H5E< (et [?SP+XY?PDZ+ PILPHXPILYZt VIR] P+
T helpers (Th), % 1.05 (1.92) 0.94 (1.21) 0.465
T killers (Tk), % 3.21(2.70) 2.36 (1.72) 0.273
Natural Killers (NK), % 15.10 (16.84) 4.81 (11.59) 0.273
" "8H4 :MK8G5<tXC , Zitext 0?0StXDRVOZt 17Y]XS?SDz V7]DSt
NK/T 2.02 (1.62) 1.54 (1.15) 0.715
Tk/T 0.59 (0.55) 0.74 (0.74) 1.000
Th/T 0.35 (0.36) 0.37 (0.44) 0.593
"L &t D'RD+XDD[Z+ DWP+XD?DPZt VVIY\
Th/Tk 0.53 (0.48) 0.48 (0.22) 0.715
Th/MF 0.23 (0.31) 0.18 (0.12) 0.273

Data is presented as median and IQR
p-value according to Wilcoxon Signed Rank Test
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To distinguish patients in whom treatment with autologous PBMCs would change the
necessary endometrial immune parameters in the desired direction, leading to successful
implantation, endometrial immune parameters before PBMC placement were compared
between patients with successful and unsuccessful implantation.

No significant differences were found in the immune parameters studied between the
group with successful and unsuccessful implantation in stage 2. That is, patients suitable
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for treatment with autologous PBMC cannot be distinguished according to these
endometrial immune parameters. What was observed was that the medians of the
immune ratios were higher in the successful group, similar to the results from stage 1
(Table 2). However, it should be borne in mind that the sample was very small and the
power of the non-parametric tests was very low. More data need to be collected in future
studies (Table 6.8 and Figure 6.8).

&83E5+[?YQtEndometrial immune cell ratios before PBMC administration according
to implantation outcome in stage 2 patientst

Indicator Successful Unsuccessful P value

implantation implantation

NK/T 2.02 (1.62) 1.47 (1.80) 0.788
Tk/T 0.59 (0.55) 0.62 (0.60) 1.000
Th/T 0.35(0.36) 0.11 (0.30) 0.412
MEF/T 1.21 (1.16) 1.02 (0.47) 1.000
Th/Tk 0.53 (0.48) 0.35(0.38) 0.412
Th/MF 0.23 (0.31) 0.19 (0.29) 0.648
Data is presented asmedian and IQR
p-value according to Mann-Whitney U Test
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Figure 6.6 presents the values of the endometrial immune indicators for each patient
against the selected cut-off values. The high positive predictive potential of the ratios
MF/T, NK/T, Th/T and Th/Tk is observed, since most of the successful cases have
values of these ratios above the cut-off values determined in stage 1 (Table 4.5). A
high negative predictive potential of MF/T, Th/Tk and Tk/T is also observed, since
most of the unsuccessful cases have values of these ratios below the cut-off values
determined in stage 1 (Table 4.5). It should be emphasized again that only 11 patients
were included in this part of the study and further enrichment of the study group is to
be expected.
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In stage 2 of the present study, 18 patients were included, from whom endometrial
biopsy was taken one month before and two days after intrauterine placement of
autologous PBMCs. Endometrial immune receptivity indices (NK/T, Tk/T, Th/T,
MF/T, Th/Tk and Th/MF), which were determined in stage 1 of the present study, were
examined before and after PBMC placement. After the treatment, embryo transfer was
performed in 11 patients and the change in the same indices between patients with
successful and unsuccessful implantation was recorded. In order to find indicators that
would distinguish patients in whom this treatment would have a positive effect,
endometrial immune indices before PBMC placement were also compared between
patients in the groups with successful and unsuccessful implantation. The ability of the
cut-off values of selected immune markers to predict post-embryo transfer success was
also assessed by comparing the ratios in the groups with successful and unsuccessful
implantation.

The study group of patients in stage 2 had baseline characteristics similar to the patients
in stage 1 —age, BMI, and indication for assisted reproduction, allowing comparison of
the results of the endometrial biopsies of the two groups of patients.

The quantitative and qualitative composition of the PBMC used for intrauterine
treatment was determined by flow cytometry. In the isolated fractions, lymphocytes
predominated, of which CD3+ T lymphocytes were the main ones, among which were
Th and Tk lymphocytes in a ratio of 1.44. The same result was observed in the control
group of studied women who were healthy and had at least one birth. This result is
expected and similar to the quantitative data for PBMC from the literature, which show
70% lymphocytes and a Th to Tk ratio of 2:1 (Kleiveland et al., 2015).

When comparing the amounts of endometrial immune cells before and after PBMC
placement, it turned out that no significant differences were found in the amounts of
total T lymphocytes, Tk, NK cells or MF (p>0.05), but a significant increase in Th was
observed. Unfortunately, the fate of the administered PBMC in the uterine cavity was
not recorded and monitored in this dissertation and should be considered in further
studies. This could be done using animal models and labeled PBMC.

The endometrial immune receptivity indices selected in stage 1 showed that the effect
of intrauterine placement of autologous PBMCs is expressed in an increase in the Th/T,
Th/Tk and Th/MF ratios, which indicate an improvement in the receptivity of the
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endometrium. T helpers participate in all the changed ratios and the increase in these
ratios is due precisely to the change in their quantities.

Although the levels of Th lymphocytes in stage 1 did not differ between the groups with
successful and unsuccessful implantation, their importance is demonstrated by their
quantitative presence in the immune indices of endometrial receptivity. It is known that
CD4+ T lymphocytes play a major role in the establishment of the immune response,
performing a variety of functions through the secretion of cytokines that induce pro- or
anti-inflammatory responses (Luckheeram et al., 2012). According to some studies, the
presence of increased levels of CD4+ regulatory cells and Th2 is associated with higher
implantation success in patients with recurrent failures (Ahmadi et al., 2017; Ricaud et
al., 2021).

In addition to the purely quantitative change in T helpers, the change in the Th/T, Th/Tk
and Th/MF ratios also has an impact on success, as described in the discussion of stage
1. Therefore, this significant change after treatment with PBMC, as well as the approach
to the reference values for successful implantation from stage 1, indicate that autologous
treatment with PBMC leads to an improvement in the endometrial immune environment
before embryo transfer.

Although the sample size of 11 patients was small, a success rate of 36.4% was observed
after PBMC treatment. The average success rate after the first IVF in women between
35-40 years of age, which is our sample, is 26% (The Center for Disease Control and
Prevention (CDC), 2021). Therefore, treatment with autologous PBMC increases the
chances of successful implantation after embryo transfer in women with recurrent
implantation failures by 10%. It should be noted that the cited data refer to patients with
unexplained infertility, not those with recurrent failures. The registered clinical trial on
the impact of intrauterine placement of PBMC on IVF success rates is currently ongoing
and we expect that additional data will accumulate to be analyzed.

The results of several clinical studies and meta-analyses have shown the positive effect
of PBMC administration on the success rate of patients with recurrent implantation
failures. A 2017 clinical study confirmed a significant increase in implantation in RIF
patients (Li et al., 2017). Meta-analyses from 2020 and 2021 also confirmed the
improvement in implantation and successful pregnancy in RIF patients after treatment
with autologous PBMC with a high level of significance, p<0.001 (Pourmoghadam et
al., 2020; Qin et al., 2021; Yang et al., 2020). Most protocols for intrauterine PBMC
placement for the treatment of patients with recurrent failures use unstimulated PBMC
or immunomodulated with hCG (Okitsu et al., 2011; Yoshioka et al., 2006). Clinical
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studies have investigated the effects of unstimulated and hCG-stimulated PBMCs on
implantation and clinical pregnancy and have shown that whether the cells are
immunomodulated or not, significantly higher success rates are observed than in
untreated patients (Okitsu et al., 2011; Yoshioka et al., 2006). A 2021 meta-analysis on
the success rates of immunomodulated PBMCs with hCG showed that neither the dose
nor the mean concentration of PBMCs administered had an effect on the therapeutic
efficacy of the treatment (Qin et al., 2021).

Despite these literature data, we conducted a preliminary study on the differences in
cytokine secretion of pro- and anti-inflammatory cytokines by PBMC from
immunomodulated and pure culture variants. It was found that no significant differences
were found in the concentrations of either pro-inflammatory IL-6 and TNF-a, or anti-
inflammatory IL-10 and IL-4 in the culture media of hCG-treated and untreated PBMC
samples (Ruseva et al., 2022). Therefore, a protocol for culturing PBMC without
additional immunomodulation was used in the study.

The topic of the mechanism of action of PBMC after intrauterine placement has been
widely discussed in the literature and there are a number of hypotheses that explain the
positive effect of this treatment. On the one hand, it is possible that the inserted cells
enter the endometrial stroma. According to other authors, the positive effect of
intrauterine placement of immune cells from peripheral blood is due to a local
inflammatory process.

In the present study, we examined CRP in the peripheral blood of patients before and
after PBMC placement and did not find an increase or even differences in serum CRP
levels. This indicates the absence of an inflammatory process after PBMC placement,
which directs our attention to the mechanism of cell migration to the stroma or local
modulation by cytokine secretion. The observed increase in Th lymphocytes in the
endometrial stroma after PBMC placement can be associated with the composition of
the isolated PBMC (Figure 7.1). Nearly 30% of the T lymphocytes in the composition
of PBMC are Th lymphocytes (Table 6.3 and Figure 6.2). Additional studies on the fate
of the placed PBMC in the uterine cavity can answer with certainty whether exactly
these Th lymphocytes migrate to the endometrial stroma, for now this question remains
open, since this is not the subject of the present study.

Another hypothesis for the effect of PBMC on the local immune environment is that
cytokines secreted in the culture medium of PBMC express immunoregulatory behavior
in the uterine cavity. Therefore, in the course of the study of the applied PBMC, the
amounts of IL-6, IL-10, IL-4 and TNF-a in the culture medium of the isolated PBMC
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were examined. We found an increased amount of all four cytokines studied in the
medium of the cultured PBMC. All four cytokines have a role in the regulation of the
endometrial immune environment. The anti-inflammatory cytokines IL-4 and IL-10
inhibit Thl cells and macrophages and prevent embryo rejection, while the pro-
inflammatory IL-6 and TNF-a, in balanced amounts, participate in angiogenesis and
trophoblast invasion (Kitazawa et al., 2020) (Figure 7.1).t
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,1G=45t]’D) Mechanism of action of intrauterine administration of PBMC. Arrows
color: green — activation, purple — turn into, blue — cytokine interaction, red — blocking.

A 2021 study examined the peripheral and local balance of Treg and Th17 lymphocytes
after PBMC administration in mice. It found that the expression of Treg and Th17 cell-
related transcription factors and cytokines in the local endometrium changed 2.5 days
after PBMC administration. Since naive T cells require more time to proliferate and
differentiate, it is possible that the earlier changes were driven by the migration of
systemic immune cells into the endometrium (Fan et al., 2021). In other similar studies,
Wang et al. and Qin et al. demonstrated that intrauterine exogenous PBMCs release
cytokines (TGF-B and IL-2) and chemokines (CCL2, CCL17, CCL21, and CCL22),
thereby regulating the intrauterine immune microenvironment and recruiting Treg cells
to the endometrium (Wang et al., 2017; Qin et al., 2008) (Figure 7.1).

#)"



These data may also explain the result observed in this study that after treatment with
PBMC, the amount of CD4+ Th lymphocytes increased significantly. In contrast, when
the change in the amount of immune cells after PBMC placement was examined in
patients who had successful implantation, we did not find significant differences. Again,
it should be emphasized that these are only 4 cases and additional data are needed to
comment on a clear conclusion. What was observed in women in whom the treatment
increased the receptivity of the endometrium was a significant increase in the MF/T
ratio (Table 6.7).

The MF/T ratio has been shown to be an important indicator of improved endometrial
receptivity, with a cut-off value of 66.36% with extremely high accuracy (Table 4.5).
The number of MF and T lymphocytes after PBMC placement does not change, unlike
the balance between them. The communication between these two cell types is of
particular importance for their mutual regulation and the adjustment of the endometrial
environment to receive the invading embryo. Macrophages can regulate T lymphocytes
by direct cell-cell communication or by secretion of cytokines and metabolic products.
For example, in the tumor microenvironment, tumor-associated macrophages secrete
IL-10 and TGF-p, which suppress the function of T effector lymphocytes (Annacker et
al., 2003; Thomas and Massague, 2005). In addition, macrophages express indole-2,3-
dioxygenase (IDO), which catabolizes tryptophan and generates kynurenine. A decrease
in tryptophan and an increase in kynurenine inhibit clonal expansion of T cells and
convert naive T cells into T regulatory cells (Smith et al., 2012). T regulatory cells
express surface molecules, such as CTLA-4, PD-1, etc., which bind to corresponding
ligands on antigen-presenting cells (CD80/CD86, PD-L1, etc.) and activate a
coordinated suppressive and tolerant environment (Zou, 2006) (Figure 7.2).
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The question of which patients the application of PBMC is an appropriate method for
endometrial immunoregulation is also of particular interest. PBMC has been shown to
have a significant positive effect on patients with proven recurrent implantation failures
(RIF), but not in patients without this condition (Yoshioka et al., 2006; Yang et al.,
2020; Okitsu et al., 2011). All patients examined in this study had more than 2
implantation failures, so we examined the differences between successful and
unsuccessful patients. The group with successful implantation differed insignificantly
from the unsuccessful ones only in age and BMI, but not in the number of the studied
immune cells and immune ratios (Table 6.5, Table 6.7). Unfortunately, the studied
endometrial immune indicators cannot predict which patients will have a positive effect
from the treatment with PBMC. Other factors, besides the presence of more than 2
implantation failures, that would indicate treatment with PBMC remain to be sought.
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The lack of sufficient studies on the direct effect of immunotherapy by placing PBMC
in the endometrium is the main reason why the world associations of reproductive
medicine are unsure about approving it as a standard in the treatment of patients with
recurrent implantation failures. Despite the fact that numerous clinical trials and meta-
analyses confirm its positive effect on this group of patients, the application of this
type of treatment itself is widely commented on by the associations of reproductive
medicine. Indicators of the effect are needed not only for this treatment, but also for
other treatments that have been discussed and even rejected by 2024 due to the lack of
objective indicators of the impact of these treatments. The effect of various types of
local immunotherapy on endometrial receptivity, such as aspirin, corticosteroids, G-
CSF, Cm-CSF, IVIG, tacrolimus, cyclosporine, sirolimus, anti-TNF-a, fat emulsions,
PRP and a number of others, can be successfully analyzed by considering the immune
ratios (NK/T, Tk/T, Th/T, MF/T, Th/Tk and Th/MF) proposed in this dissertation.
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The presence of a high percentage of CD3+ T lymphocytes and a concomitant
increase in T lymphocytes and NK cells in the endometrial stroma of RIF patients
is associated with the presence of latent inflammation and indicates a non-
receptive endometrium.

The immune ratios NK/T, Tk/T, Th/T, MF/T, Th/Tk, Th/MF, NK/Mon, T/Mon
and B/Mon differ significantly between women with successful and unsuccessful
implantation and can be considered as immune indicators of endometrial
receptivity.

The NK/T, Tk/T, Th/T, MF/T, Th/Tk and Th/MF ratios measured in the mid-
secretory phase endometrial stroma can be used as indicators in assessing the
effect of immunotherapy.
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Intrauterine placement of autologous PBMC in RIF patients leads to a
significant increase in Th lymphocytes in the endometrial stroma and in the
Th/T, Th/Tk and Th/MF ratios.

In cases of successful implantation in patients with previous recurrent
implantation failures, in contrast to those with unsuccessful implantation, the
ME/T ratio increases after PBMC placement and can be used as an indicator for
improving endometrial receptivity.

The immune ratios Th/T, Th/Tk, Th/MF and MF/T can be used as an indicator
for monitoring the effect of intrauterine placement of autologous PBMC.
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By 2024, women suffering from recurrent implantation failures will account for nearly
20% of IVF patients, and the need for diagnostics in these cases is becoming
increasingly urgent. According to recent publications, abnormal endometrial immune
regulation is found in 82% of these women (Lédée et al., 2016). Unfortunately, the lack
of a standardized approach to the study of reproductive immune balance hinders the
choice of treatment for this condition.

Therefore, this dissertation sought quantitative indicators of the immune status of the
endometrium that would indicate with high predictive value the receptive index of the
endometrium in women with recurrent implantation failures.

After a detailed analysis, immune indicators of receptivity were selected that predict
with high accuracy the success rate of implantation after embryo transfer in patients
with recurrent implantation failures. These indicators can also be used in clinical
practice to assess the receptive state of the endometrium of in vitro patients with more
than two early complications. Once low receptivity and immune imbalance are
established, financially, physically and emotionally burdensome unsuccessful in vitro
procedures can be avoided and measures can be taken to treat this condition.

There are various approaches to immune treatment that have shown positive effects in
certain groups of patients. The reproductive community is cautious in endorsing
different immune treatments due to the lack of diagnostic immune markers. The
immune markers of receptivity selected in this dissertation can show the effect of the
treatment on the immune composition of the endometrium and, accordingly, on
endometrial receptivity. Thus, on the one hand, the endometrial immune markers
selected by us can be applied in scientific studies that investigate the effects of
immunological treatments. On the other hand, these markers can be applied in medical
practice to study the evaluation of the treatment already carried out.

In this dissertation work, it was chosen to evaluate the effect of intrauterine placement
of autologous PBMCs, one of the most common immune treatments for patients with
local immune imbalance. The selected endometrial immune indicators successfully
assess the effect of this treatment on the immune composition of the endometrium.
Therefore, these indicators can be applied in the study of other immunological
treatments of the endometrium in different groups of in vitro patients.

It was also shown that the selected immune markers show an improvement in
endometrial receptivity and predict with high accuracy the outcome of embryo transfer
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after the treatment. In women with successful implantation, a significant change in the
MEF/T ratio stands out. This ratio can be used to assess the effect of autologous PBMC
implantation in clinical practice.

The selected immune markers of receptivity cannot predict which women would benefit
from autologous PBMC placement, as no differences in endometrial immune markers
were found before treatment. However, the same markers can be used to assess the
propensity for success after other types of treatments. Such an indicator may prevent
unnecessary treatments and procedures.

The use of immune indicators of endometrial receptivity, which show the different
aspects of immune imbalance in each individual patient, is a step towards personalized
medicine. Each of the immune indicators points to the specific immune problem in the
woman and can follow an individualized treatment approach, according to the immune
status of the endometrium. Accordingly, through the immune indicators established in
this dissertation, the effectiveness of the applied treatment can be assessed and the
probability of success can be calculated. In turn, this individual diagnostic approach can
show whether there is an indication for additional immune treatment or whether an in
vitro procedure with a high chance of success can be started.

Endometrial immune indicators of receptivity are a tool that will be beneficial to
biologist researchers, reproductive specialists, and most of all to patients, for whom the
financial risks of repeating unnecessary procedures and taking unnecessary medications
will be reduced, an individualized approach will be found for each woman, which is the
future of medicine.
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Endometrial immune profiles were compared between patients with successful and
unsuccessful embryo implantation and conclusions were drawn regarding the
importance of the immune profile for endometrial receptivity in in vitro patients.

The effect of one of the most commonly used immunological treatments in in vitro
patients — intrauterine placement of autologous PBMC, on the endometrial immune
profile, as well as on the success rate of patients with recurrent implantation failures,
was studied.
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The conducted study makes it possible to create an algorithm for assessing the
endometrial immune profile and the state of endometrial receptivity in in vitro patients
through the derived indicators of immune status and endometrial receptivity.

For the first time in Bulgaria, indicators have been derived to study the effects of the
application of systemic or local immune therapies on the endometrial immune profile
and endometrial receptivity in in vitro patients with recurrent implantation failures.

For the first time in Bulgaria, a specific indicator has been derived for the effect of one
of the most commonly used immunological treatments in in vitro patients - intrauterine
placement of autologous PBMC, on the endometrial immune profile and endometrial
receptivity.

The constructed theoretical model can be developed and applied to study the effect of
various immunotherapies (local or systemic) on endometrial receptivity.
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