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Capsule:

MUM-1 immunohistochemistry may represent a novel, promising technique for the diagnosis of
chronic endometritis. Chronic endometrial inflammation may play a role in in reproductive

failure, as well as in the development of endometrial polyps in young women.

ABSTRACT

Chronic endometritis (CE) is a chronic inflammatory disorder of the endometrium characterized

by the infiltration of plasma cells within endometrial stromal compartment.

The diagnosis of CE is challenging. Clinical examination and transvaginal ultrasound are
nonspecific for CE. Immunohistochemistry for the plasmacyte marker CD-138 is currently the
most reliable and time-saving diagnostic method for CE. However, this technique is not exempt
from limitations. Endometrial epithelial cells constitutively express CD-138 on the basolateral
sides of their plasma membrane, potentially leading to misdiagnosis. Therefore, further staining

techniques for CE would be useful.

In a recent study, we found a dysregulation of several genes involved in cell cycle regulation in
the endometrium of women with CE, with a dominance of proliferative and anti-apoptotic
activity. CE may therefore represent a substrate for the development of endometrial proliferative
lesions, including endometrial polyps (EPs). Different studies have investigated the correlations
between CE and EPs, with controversial results. A summary of evidence on this topic is still

missing.

Moreover, CE may impair the endometrial receptivity towards the embryo, resulting in
infertility and recurrent pregnancy loss. Unfortunately, the exact mechanisms underlying CE-
related infertility are still unknown. An electron microscopy study investigating any alterations

in the morphological markers of endometrial receptivity in CE is still missing.

Over that backround, our multifaceted research program had the following objectives: i) to
evaluate the accuracy and reliability of a novel immunohistochemical marker (Multiple
Myeloma Antigen-1) for the diagnosis of CE; ii) to summarize current evidence on the

correlation between CE and EPs; iii) to evaluate whether CE induces morphological changes in



the mid-secretory endometrium (as assessed by transmission electron microscopy [TEM]) that

may account for defective receptivity.

i) We found that immunohistochemistry for MUM-1 and CD-138 had similar accuracy for
detecting endometrial stromal plasma cells. Notably, MUM-1 showed higher reliability in the
paired comparison of the individual samples than CD-138. Therefore, MUM-1
immunohistochemistry may represents a novel, promising add-on technique for improving the

diagnostic process in women with CE.

ii) Our systematic literature review found high prevalence of CE in pre-menopausal women
suffering from EPs. The risk of CE was higher in women with EPs compared to women with a
non-polypoid endometrium, as well as in those with three or more EPs compared to those with a
single EP. Available evidence in pre-menopausal women suggests that CE and EPs may have a
dependent relationship and may represent two consequent steps of a common pathological

process.

iii) TEM analysis revealed lower expression of pinopodes and higher expression of microvilli
and cilia in the mid-secretory endometrium of women with CE compared to controls. These
endometrial features in CE may account for defective endometrial receptivity. As our study is
still ongoing, full results will be required to draw firm conclusions regarding the expression of

endometrial organoids in the mid-secretory endometrium of women with CE.



Background and rationale
Endometrial physiology in women of reproductive age

Endometrium is the innermost layer of the uterus, whose physiological functions are preparation
for implantation, maintenance of pregnancy (if implantation occurs), and menstruation in the

absence of pregnancy (1, 2).

Histologically the endometrium consists of a simple comprises a simple columnar epithelium
forming numerous tubular glands, supported by a thick vascular stroma (1, 3). The stroma hosts
fibroblast-like cells and a fluctuating traffic of recruited innate immune cells (4). Additionally,
the basal layer host an endometrial adult stem cell population whose role is to restore

endometrial integrity following menstruation (5, 6).

During the human menstrual cycle, the endometrium undergoes cyclical histological changes
under the stimulus of circulating sex hormones. During the early endometrial cycle (i.e.
“proliferative phase”), the endocrine environment is characterized by estradiol rise, and the
endometrial tissue undergoes progressive proliferation until the time of ovulation (1, 2, 7).
Following ovulation, progesterone production by the corpus Iuteum is responsible of
endometrial secretory changes (i.e. “secretory phase”), namely the endometrial glands become
elongated, tortuous and boosted in their secretions, spiral arterioles proliferate and the acellular
extracellular matrix increases in volume (4, 8). About seven days after ovulation, the “pre-
decidual” endometrium is physiologically ready for embryo implantation. This phase is defined
as “implantation window” (WOI) or “receptive phase”, and lasts for about two to four days. In
specific endometrial areas, the local realease of chemokines and growth factors will attract the
blastocyst to landing platforms known as “pinopodes” (9, 10). These structures have the role to
extend over the tips of microvilli expressing the repellent mucin-1, with the aim of favouring
the embryo adhesion on endometrial surface (1, 11). At this step, several adhesion molecules
including integrins and cadherins are expressed in order to facilitate the adhesiveness between
the blastocyst and the endometrium. Specific clusters of endometrial genes are
expressed/silenced during this phase (12). Host immune response towards the embryo is down-
regulated, and the local immune scenario is dominated by NK-cells, dendritic cells and
macrophages (13). If pregnancy does not occur, the corpus luteum undergoes regressive changes
causing the decline in serum progesterone and estradiol concentrations. This phenomenon starts
the onset of menstruation as a result of ischemic processes, in which the functional layer of the

endometrium is broken down, shed, and subsequently restored (14).

Endometrial factor infertility



Endometrial factor infertility (EFI) refers to the inability of the endometrium to accept a good
quality embryo due to structural or functional defects (15). Since the endometrium is the layer
of the uterus intimately in contact with the embryo, EFI is often a misnomer referred to uterine
obstacles to conception in general. The EFI is diagnosed indirectly, when sustained implantation
does not occur despite multiple transfers of good quality embryos. A precise definition of EFI is
still lacking, and therefore the prevalence of this condition cannot be precisely estimated. Until
recent times, it was believed that implantation failure was mainly caused by defective
endometrial receptivity (in up to two-thirds of cases) (16, 17). Nevertheless, the recent
introduction of pre-implantation genetic testing for aneuploidies (PGTA; through adjusting for
the majority of embryonic causes of implantation failure) has allowed the understanding that the
endometrium directly impedes implantation of a chromosomally normal embryo in no more

than 50% of cases (18). The remaining cases of implantation failures are of embryonic origin.

The paramount importance of a functional endometrium and, more generally of a healthy uterus,
was highlighted by the results of a recent study of surrogacy programs. When compared to
intended parent recipients, gestational carriers showed significantly higher live birth rates after
the transfer of donor oocyte embryos (19). Such a considerable difference in the perinatal
outcomes between groups remained stable when comparing all the age subgroups (from <35 to
51-53 years old patients). The study concluded that a “healthy uterus” was a prerequisite for

sustained embryo implantation.

When considering the uterus in its totality, several congenital anomalies and acquired diseases
may influence its physiological function and result in implantation failure (20). With regard to
acquired diseases, the vast majority pertain to the endometrium (egs. Endometrial polyps,
Asherman syndrome, endometritis) or somehow influence the endometrial physiology (egs.
Myomas, adenomyosis). Therefore, at the end of the story, the endometrium represent a
conjunction point of the vast majority of the uterine diseases with a potential influence on
reproduction. Namely, endometrium is the other actor (besides the embryo) deserving a special

attention by reproductive specialists.

Uterine microbiota. a new actor in reproduction

For more than one century, consensus was that a healthy uterine cavity was sterile. Uterine
sterility was presumed to be maintained by the cervical plug providing an impermeable barrier
to bacterial ascension (21). This theory has been called into question about thirty years ago. At
that time, several studies demonstrated the presence of bacteria in endometrial specimens from
healthy women by using traditional culture techniques. Additionally, during the same period,

other studies found that some particles can translocate from the vagina to the uterus during



specific stages of the menstrual cycle. Thus, the theories about uterine sterility and cervical

mucus impermeability were rapidly dismissed (22 , 23).

In the following years, a number of animal studies showed that a plethora of bacteria colonize
the uterine cavity in physiologic conditions. Those bacteria can translocate to the uterus from
the vagina through the cervical canal, from gastrointestinal mucosae through the hematogenous
route, or from other sites during medical procedures (egs. Hysteroscopic procedures,
endometrial curettage). In humans, the ascending bacteria from the vagina are assumed as the

main contributors to uterine microbiome (24-26).

The exact constitution of uterine microbiome is still to be clarified. Until 2010, traditional
culture techniques were applied in the attempt to characterize intrauterine bacterial
communities. Unfortunately, the most of the bacteria are not colturable, and the results of the
studies were therefore inconclusive. The application of Next Generation Sequencing (NGS) has
enabled species-level quantification, potentially allowing for the determination of the full

microbiome in both healthy and diseased hosts (27).

Recent studies showed that vaginal and uterine microbiome may be actively involved in human
reproduction. The vaginal microbiota has been shown to be different in pregnant and non-
pregnant women, suggesting a putative role of vaginal bacteria in the prevention of intrauterine
infections during pregnancy (28). On the other side, bacterial vaginosis is a known risk factor
for obstetric complications, including pregnancy loss and preterm birth. With respect to the
uterine microbiome, Moreno et al found that a “healthy” microbiome was constituted by >90%
Lactobacillus spp, similarly to vaginal microbiome (29). Notably, in their study on infertile
women undergoing IVF, the presence of a non-Lactobacillus-dominated microbiota was

associated with significant decrease in live birth rates after embryo transfer (58.8% vs 6.7%).

Although a certain influence of the uterine microbiome on embryo implantation process is
plausible, it is uncertain whether routine assessment of endometrial microbiome may increase
the success rates of IVF in infertile women. First, it is still unknown whether endometrial
bacteria impede implantation directly by affecting embryo viability (egs. by modifying
intrauterine ph or by releasing lipopolysaccharide) or indirectly by altering the endometrial
receptivity. Second, endometrial samples are inevitably contaminated with vaginal and cervical

bacteria, making the assessment of endometrial microbiome somehow biased in principle.

On the other hand, what is already known is that abnormal endometrial microbiome often co-
exists with signs of endometrial inflammation at histopathology (30). This condition is also
known as “chronic endometritis”. Diversely from intrauterine microbiome, the endometrial

histology may be of easier investigation and of more objective interpretation. Moreover,



histological endometrial inflammation may indirectly indicate the abnormal overgrowth of

intrauterine bacteria, thus directing specific microbiological investigations in selected cases.

Chronic endometritis: the other side of the coin

Chronic endometritis (CE) is a case of a persistent endometrial inflammation caused by
infectious agents including Enterococci, Streptococci, Staphylococci, Mycoplasma spp,
Gardnerella vaginalis, Ureaplasma urealyticum, Chlamydia trachomatis e Neisseria gonorrhoeae
(31, 32). This pathology is often overlooked by physicians due to a lack of specific symptoms
which include abnormal uterine bleeding, dyspareunia, pelvic discomfort and leucorrhaea (33).
The prevalence of CE is quite high among women with reproductive disorders, ranging between
13.95% and 57.55% in women with infertility, repeated implantation failures and recurrent
pregnancy loss (34, 35). The causal link between CE and reproductive failure seems to be
attributable to numerous factors, including the release of inflammatory mediators within the
uterine cavity, endometrial vascular damage and an abnormal uterine contractility in the mid-
secretory phase (all the potential mechanisms involved have been summarized in a recent
systematic review published by our group in 2020) (36). All these factors may theoretically

impede the accomplishment of a correct and sustained implantation of human embryos.

The up-regulation of numerous anti-apoptotic and pro-proliferative genes observed in CE
(found in another of our recently published study) may potentially alter the complex
communication between the embryo ad the endometrium (37). At the same time, such an
aberrant gene expression may cause the gradual development of endometrial proliferative
pathologies (benign lesions such as endometrial polyps and hyperplasia up to carcinogenic

processes).

In women with repeated embryo implantation failures (>2 failed embryo transfers), we recently
demonstrated (35) that CE, when diagnosed and cured, improves the chances of embryo
implantation (OR 3.24), clinical (OR 4.02) and ongoing (OR 6.81) pregnancy after IVF / ICSI
procedures. Significant improvement in the reproductive prognosis after CE cure was also
found, by our group, in women with unexplained infertility seeking for spontaneous pregnancy

(38).

The diagnosis of CE is a challenging. Clinical examination and transvaginal ultrasound are
nonspecific for CE. Hysteroscopy may be a helpful tool for raising the suspicion of CE. In our
recent study entitled "Unified diagnostic criteria for chronic endometritis at fluid hysteroscopy:
proposal and reliability evaluation through an international randomized-controlled observer
study." (39), we found that the endometrium in CE is characterized by some macroscopic

endometrial changes (micropolyps, stromal edema, "strawberry appearance"”, haemorrhagic



spots, focal or diffuse hyperemia) that can be recognized through hysteroscopy. However, as
hysteroscopy is an operator-dependent technique, the current gold standard for the diagnosis of
CE is histopathology showing the presence of plasma cells within endometrial stromal
compartment (40). Identification of plasmacells by conventional tissue staining alone is
difficult. Plasmacytes typically have a large cell body, high nuclei/cytoplasm ratio, basophilic
cytoplasm, and nuclei with heterochromatin rearrangement referred as “spoke-wheel” or “clock-
face” pattern (41). These morphological features of plasmacytes are not always evident under
microscopic examination, as plasmacells often exhibit the appearance similar to stromal

fibroblasts and mononuclear leukocytes that reside in the human endometrium (39).

Immunohistochemistry for the plasmacyte marker CD-138 (also known as syndecan-1, a
transmembrane type heparan sulfate proteoglycan) is currently the most reliable and time-saving
diagnostic method for CE (42). It was shown that CD-138 immunostaining is superior to
conventional tissue staining using methyl green pyronin, hematoxylin, and eosin in CE
detection (odds ratio 2.8; sensitivity, 100% versus 75%; specificity, 100% versus 65%) with less
inter-observer (96% versus 68%) and intra-observer variability (93% versus 47%) (43). Despite
the usefulness of CD-138 immunostaining in diagnosis of CE, some caution should be exercised
in its practical use. Endometrial epithelial cells constitutively express CD-138 on the basolateral
sides of their plasma membrane. As consequence, monoclonal antibodies targeting CD-138 on
plasmacytes are also reactive to the epitope of this antigen expressed on endometrial epithelial
cells, despite that staining intensity is generally weaker than endometrial stromal plasma cells
(41-44). This immunohistochemical reaction may potentially lead to misdiagnosis and further

staining techniques for CE would be useful.

Multiple myeloma antigen 1 (MUM-1) is a protein which is normally expressed in plasma cells,
activated B and T cells. Studies showed that MUMI1 protein is required at several stages of B-
cell development, including in the differentiation of mature B cell into antibody-secreting
plasma cells (45, 46). Immunohistochemistry for MUM1 has been widely used for the diagnosis

of lymphomas and plasma cell tumors, but has never been applied for the diagnosis of CE.

Over that backround, our multifaceted research program had the following objectives: 1) to
evaluate the accuracy and reliability of a novel immunohistochemical marker (Multiple
Myeloma Antigen-1) for the diagnosis of CE; ii) to summarize current evidence on the
correlation between CE and endometrial polyps; iii) to evaluate whether CE induces
pathological changes in the mid-secretory endometrium (as assessed by transmission

microscopy) that may account for defective receptivity.

Materials and methods



Materials and methods of each stand-alone study of the PhD project are reported separately.

-1: Accuracy and reliability of MUM-1 immunostaining for the identification of endometrial
plasma cells in chronic endometritis: head to head comparison with CD-138. A multi-centre

study.
Study design

This was an observational multi-centre study conducted at three centers (hysteroscopy units of
the University of Bari, Padua and Barcelona) from August 2017 to January 2020. The study
received local ethical approval. All patients gave their written consent for the anonymous use of

their clinical data for research purpose.

Participants

We included patients referred to our hysteroscopy services due to infertility (i.e. the failure to
achieve pregnancy after twelve months or more of unprotected sexual intercourse), recurrent
miscarriage (i.e. tWo or more consecutive miscarriages), abnormal uterine bleeding, suspicion of

endometrial polyps or myomas.

Exclusion criteria were: post-menopausal age, diagnosis of placental remnants, endometrial
cancer or atypical hyperplasia, previous diagnosis of tuberculosis, hormonal or steroid treatment
whitin three months or during the study period, any antibiotic treatments whitin three months or

during the study period.

Hysteroscopy and endometrial sampling

All women underwent diagnostic mini-hysteroscopy in the follicular phase of menstrual cycle.
Mini-hysteroscopy was performed using a lens-based 2.7 mm OD mini-telescope, 105° angle of
visual field equipped with a 3.5 mm OD single-flow diagnostic sheath (Karl Storz, Tuttlingen,
Germany). In order to minimize the risk of iatrogenic contamination of endometrial cavity, all
examinations were performed after placing vaginal speculum and cleaning external uterine

ostium with a gauze soaked in iodine solution.

Saline was employed to distend the uterine cavity at a pressure generated by simple drop from a
bag suspended 1 m above the patient. A 300 W light source with a xenon bulb and a HD digital

camera (Karl Storz, Tuttlingen, Germany) were used.



The exploration of the uterine cavity consisted of a panoramic view of the cavity followed by a
thorough evaluation of the endometrial mucosa as previously described (39). Diagnosis of CE
was based on criteria previously published (38). All hysteroscopies were performed by one
author for each centre (A.V, E.C. and S.H.). After hysteroscopy, an endometrial biopsy using a
3 mm Novak’s curette connected to a 20 ml syringe was performed. The obtained tissue

samples were placed in formalin for histological and immunohystochemical examinations.

Histology and Immunohistochemistry

Endometrial samples were fixed in neutral formaline and later embedded in paraffin. Five
microsections were stained with hematoxiline-eosine. Histological diagnosis of CE was based
on criteria described in literature. Five-micrometer sections were cut and incubated, separately,
with mouse anti-human monoclonal CD-138 and MUM-1 antibodies. The clones of anti-CD-
138 and anti-MUM-1 monoclonal antibodies used in our study were MI15 Cell Marque
(Biocare Medical, Concord, CA) and MRQ-8 Cell Marque (Sigma-Aldrich, St. Louis, USA).
CD138- positive plasma cells were identified in the stroma. The biopsies were graded as
“negative” for CE if there was less than one plasma cell identified per 20 high-power fields
(HPFs) and “‘positive’” when there was one or more plasma cell identified per 20 HPFs.
Initially, histopathological and immunohistochemical analyses were completed by a single
pathologist for each centre and served for the assessment of the primary and tertiary endpoints
of our study. In a subset of patients, the immunohistochemical analyses with CD-138 and
MUM-1 were repeated by two additional pathologists, who were unaware of their respective
evaluations. The results of their observations were included in the inter-observer agreement

analyses.

Data collection

Clinical data were collected in our clinical registers by two Authors for each centre. Data
included patients’ general features (age, BMI, parity), medical history (general health status,
pharmacological treatments), the indication for hysteroscopy, and the results of each
hysteroscopic, histological and immunohistochemical examination with CD-138 and MUM-1.
In case of missing data, the same authors contacted patients by telephone to obtain complete

information.

Study Outcomes



Primary outcome was to evaluate the accuracy of MUM-1 immunohistochemistry, as compared
with CD-138 immunohistochemistry for the diagnosis of CE. Secondary outcome was to assess
the inter-observer reliability of MUM-1 and CD-138 immunohistochemistry for the detection of
plasma cells. Tertiary outcome was to compare the number of plasma cells identified through

using MUM-1 versus CD-138.

Statistical analysis

Statistical analysis was performed by using SPSS v.22.0 (IBM Corp., Armonk, NY, USA)..
Continuous variables were reported as mean with standard deviation (SD), whereas qualitative
variables were presented as absolute frequencies and percentages. Comparisons between
categorical variables were tested by using contingency tables and chi-square test or Fisher's test
when necessary. Comparisons between normally distributed continuous variables were made by
using Student's t-test. A value of p<0.05 was considered as statistically significant. Receiver
operating characteristic (ROC) curves were elaborated to assess the performance of CD-138 and
MUM-1 immunohystochemistry to detect CE (by using the combination of histological and
hysteroscopic diagnoses as reference standard). The agreement was statistically assessed
between the two immunohistochemical techniques (i.e. CD-138 and MUM-1 immunostaining),
as well as between the evaluation of three pathologists for each single technique (i.e. separately
for CD-138 and MUM-1 immunostaining). The measure of inter-observer agreement was
expressed as the intraclass correlation coefficient (ICC). An ICC of 0.20 was considered as poor
agreement, 0.21-0.40 fair agreement, 0.41-0.60 moderate agreement, 0.61-0.80 substantial
agreement, while a value of 0.81-1.00 was considered as perfect agreement. The ICC was

calculated by using a linear mixed model.

-II: Association between endometrial polyps and chronic endometritis: is it time for a
paradigm shift in the pathophysiology of endometrial polyps in pre-menopausal women?

Results of a systematic review and meta-analysis.

Study design

This is a systematic review of published data. Review was reported following the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (47).

As it was a review of published data, institutional review board approval was not required.



Search strategy

Electronic databases (Sciencedirect, Medline, Scopus, Embase, the Cochrane library,
Clinicaltrials.gov, EU Clinical Trials Register and World Health Organization Inter-national
Clinical Trials Registry) were searched until 30th September 2021 (without date restriction).

Key search terms were: chronic endometritis OR endometrial inflammation OR endometrial
plasma cells AND endometrial polyps OR endometrial proliferation OR endometrial lesions OR
polypoid endometrium OR endometrial polyposis. The electronic search and the eligibility of

the studies were independently assessed by two of the authors (A.V., R.C.).

Inclusion criteria

All the studies assessing the association between CE and EPs were evaluated. All studies
(experimental and observational) reported in English language were eligible. Meeting abstracts
were also eligible for inclusion. CE was defined according to the criteria applied in the original
articles. Studies evaluating other types of endometrial inflammation (such as acute, subacute or

tubercular endometritis) were excluded.

Study Selection and Data Extraction

Two authors (A.V., M.C.) independently assessed the inclusion criteria and study selection.

Disagreements were discussed with a third reviewer (E.C.).

Data extraction was performed by two independent investigators (R.C., C.M.S.). Data extracted
included study features (design, setting, objectives, main findings), population characteristics
(age, inclusion criteria, pre-menopausal/post-menopausal, infertile/fertile), and the criteria for
CE diagnosis. When studies involved a control group considered negligible for the endpoints of
the review, inherent data was not extracted. A manual search of reference lists of studies was
performed to avoid missing relevant publications. One Author (E.C.) reviewed the selection and
data extraction process. The results were then com-pared, and any disagreement discussed and

resolved by consensus.

Study outcomes

The primary outcome of this study was to evaluate the prevalence of CE in women with EPs.

Secondary outcome was to determine the prevalence of CD-138 positive EPs among EPs.



Tertiary outcomes were: to compare the prevalence of CE in women with EPs versus women
with a non-polypoid endometrium; to compare the prevalence of CE in women with a single EP

versus women with multiple EPs.

Data Synthesis and Analysis

We reported all descriptive characteristics of study including study design, study aim, year of
publication, study setting, type and number of patients, criteria and techniques for achieving CE
diagnosis as well as study results. Data analysis was completed by two Authors (A.V., M.N.).
For the primary and secondary outcomes, statistical analysis was performed using MedCalc
16.4.3 (Ostend, Belgium). Proportion method was performed, and forest plot was derived for
meta-analysis. The proportion of patients was analyzed at a 95% confidence interval (CI). For
the tertiary outcomes, the analysis was conducted by using Review Manager version 5.3 (Nordic
Cochrane Centre, Cochrane Collaboration, Denmark). The study outcomes were expressed
using odds ratio (OR) with 95 % confidence interval (95 % CI). P value lower than 0.05 were
statistically significant. The I*> statistics was used to assess heterogeneity. Degree of
heterogeneity was considered as low when I* was < 30%, moderate if between 30% and 50%,
and high if I was >50%. Random-effects model (DerSimonian and Laird method) was applied
to meta-analyses. Subgroup and sensitivity analysis were also planned in order to explore the
sources of heterogeneity across studies (when at least three studies when included in meta-

analysis).

-I1I: Whether chronic endometritis modifies the endometrial interface for embryo

implantation at transmission electron microscopy: a case-control study. (Ongoing study)

Study design and participants

This is an observational study conducted at the IVF Unit of the University of Padua from
January 2020 (still ongoing). We included patients referred to our IVF Unit due to infertility,
defined as the failure of achieving an ongoing pregnancy after twelve months of sexual

intercourse.

All the patients who received any antibiotic treatments during the three months before the
infertility consultation were excluded. Patients were included regardless of the number of

previous IVF attempts. Only women with regular menstrual periods were included.

Hysteroscopy and endometrial sampling



Hysteroscopy and endometrial sampling were performed with the same approach described in
the section 2. The biopsies were graded as “positive” for CE if there was >5 plasma cells
identified per 20 high-power fields (HPFs). Women with “mild CE” (namely 1-4 plasma cells
per 20 HPF) were excluded.

In the following menstrual cycle, all the patients underwent a second endometrial biopsy
(without hysteroscopy) in the mid luteal phase of the cycle by using a Novak curette. The day
for performing endometrial biopsy was calculated as follows: Mean length of the menstrual
cycle during the last six months (days) — 7 days. Tissue samples were then divided in two
aliquots. The first aliquot underwent histological analysis in order to confirm the mid-secretory
endometrial dating (based on Noyes criteria) (4). The second aliquot was used for evaluation at

transmission electron microscopy (TEM).

Study Outcome

The aim of the study is to evaluate any differences in the morphology of mid-secretory

endometrium in women with severe CE compared to women without CE.

Descriptive analysis

For TEM analysis, endometrial fragments obtained from CE women and controls were fixed in
cold Karnovsky’s fixative and maintained at 5 °C for 2 hours. Tissue was washed and fixed in
1% buffered osmium tetroxide for 2 hours. After a repeat wash with cacodylate buffer, tissue
was dehydrated with alcohol and incubated in propilene oxide. All tissue was embedded in
Araldite resin for at least two days. Ultrathin sections (600 pum) were obtained at
ultramicrotome, mounted on copper grids and stained with lead citrate and uranyl acetate.
Subsequently, they were observed and photographed at TEM. Particular attention was pointed
on cellular organoids (pinopodes, clia and microvilli) in order to evaluate any differences

between groups.

Results

The reporting of the results of the PhD project follows the same order applied in the methods

section.



-I: Accuracy and reliability of MUM-1 immunostaining for the identification of endometrial
plasma cells in chronic endometritis: head to head comparison with CD-138. A multi-centre

study.
Descriptive results

The demographic characteristics of the study population are displayed in Table 1.

Age_ years (mean + SD) 3912+ 455
Parity (mean £+ SD) 086121
BMI (Kg/m?) 23.85+3.17

Indications for hysteroscopy, n (%)

Infertility 92 (47.67%)
Repeated miscarriage 37(19.17%)
Abnormal uterine bleeding 25 (12.95%)
Suspicion of uterine polyps or myomas 39 (20.21%)
CE at hysteroscopy, n (Ya) 76 (39.40%)
CE at histology, n (%) 54 (28.00%)
CE at immunohistochemistry with CD-138, n (%) 71 (36.80%)
CE at immunohistochemistry with MUM-1, n (%) 65 (33.70%)

Table 1: Baseline characteristics of patients included in the study. (n=193)

Values are given as mean + Standard Deviation or number (%) as appropriate. CE: Chronic endometritis

261 patients were initially assessed for eligibility. After the exclusion of 68 women, a total
number of 193 patients were included in the study. Of these, n=92 (47.67%) suffered from
infertility and n=37 (19.17%) had a history of recurrent miscarriages. Remaining patients were
referred to our centers due to abnormal uterine bleeding (n=25, 12.95%) or the suspicion of

endometrial polyps or myomas (n=39, 20.21%).

Hysteroscopy identified CE in 76 women (39.40%), while istology diagnosed CE in 54 women
(28.00%). Cumulatively, hysteroscopy and histology diagnosed CE in 84 patients (43.52%), of
whom n=46 were positive to both techniques (23.83%). CD-138 immunostaining was positive
for CE in 71 cases (36.80%) and MUM-1 immunostaining was positive for CE in 65 cases
(33.70%). The total number of patients in whom CD-138 or MUM-1 immunostaining were
positive was 76 (39.40%). Both CD-138 and MUM-1 revealed the presence of plasma cells in
n=60 patients (31.09%). At least one technique among histology, hysteroscopy, CD-138 and

MUM-1 immunohistochemistry was positive in 97 cases (50.26%), with high prevalence in



women with recurrent miscarriage (n=26/37, 70.27%) and infertility (n=53/92, 57.61%).
Notably, results of CD-138 and MUM-1 did not match in 16 cases (Table 2).

Chronic endometritis
(histology plus hysteroscopy)

Positive Negative Total
g 3 Positive 58 15 73
£9§ 9
SYR3
X g = | Negative 4 92 96
o Ly
& S Total 62 107 169

Table 2: 2 x 2 table. Immunohistochemical staining with CD-138 as compared with reference standard

(hystology plus hysteroscopy)

CD-138 and MUM-1: diagnostic accuracy and inter class correlation

Using hysteroscopy plus histology as reference standard, sensitivity and specificity of CD-138
and MUM-1 were respectively 89.13%, 79.59% versus 93.48% and 85.03%. The overall
diagnostic accuracy of MUM-1 and CD-138 were similar (AUC=0.893 vs AUC= 0.844; Figure
1a).

Using a combination of hysteroscopy, histology and CD-138 immunohistochemistry as
reference standard, sensitivity and specificity of MUM-1 were 100% and 84.21%. The overall
diagnostic accuracy of MUM-1 was AUC= 0.921 (Figure 1b). Conversely, using hysteroscopy
plus histology plus MUM-1 as refence standard, sensitivity and specificity of CD-138 were
95.35% and 80.00%. %. The overall diagnostic accuracy of CD-138 was AUC= 0.877 (Figure
1c¢). The intercorrelation coefficient for single measurements between CD-138 and MUM-1 was
high (ICC=0.831, 0.761-0.881, 95%CI). Importantly, MUM-1 showed similar but higher
closeness of agreement with histology (ICC=0.800 [0.743-0.846, 95%CI]) and hysteroscopy
(ICC=0.592 [0.492-0.677, 95%CI]) as compared to those observed for CD-138
immunohistochemistry (ICC=0.696 [0.615-0.762, 95%CI] and ICC=0.463 [0.344-0.567,
95%CI] with histology and hysteroscopy, respectively).
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Figure 1 (a-c): ROC analyses: a) diagnostic accuracy of MUM-1 and CD-138 immunohistochemistry for
chronic endometritis using histology plus hysteroscopy as reference standard; b) diagnostic accuracy of
CD-138 chronic endometritis combination of MUM-I

immunohistochemistry for using a

immunohistochemistry, histology and hysteroscopy as reference standard; c) diagnostic accuracy of

MUM-1 immunohistochemistry for chronic endometritis using a combination of CD-138

immunohistochemistry, histology and hysteroscopy as reference standard.

Inter-observer reliability of CD-138 and MUM-1 immunohistochemistry

The inter-observer variability between three pathologists was assessed for 86 patients. Although
the agreement was fair with respect to both techniques, MUM-1 showed higher inter-observer
agreement than CD-138 (ICC=0.902 [0.843-0.943, 95% CI] versus ICC=0.809 [0.712-0.881,
95% CI]).

Number of plasma cells detected by CD-138 and MUM-1 immunochemistry

Among those women in whom MUM-1 and CD-138 were both positive for CE, MUM-1
allowed the detection of higher number of plasma cells/20hpf than CD-138 (6.50 [SD 4.80] vs
5.05 [SD 3.37]; p=0.017).

Analysis of cases where CD-138 and MUM-1 immunohistochemistry provided conflicting

results

The results of CD-138 and MUM-1 staining did not match in 16 cases (Table 2), of whom in 5
women CE was revealed by MUM-1 but not by CD-138. Notably, in all those cases the total




number of plasma cells counted was <3. In a single patient, both histology and hysteroscopy
were negative. In the remaining cases, at least one technique between histology and

hysteroscopy was positive.

Differently, in the 11 cases for which CD-138 showed immunoreactivity but MUM-1 did not,
both hysteroscopy and histology were negative. In all those cases, the total number of plasma

cells counted was <3 (Figure 2).
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Figure 2 (a-d): MUM-1 (figures 2a, b) and CD-138 stains (figures 2c, d) demonstrating the presence of
plasma cells within endometrial stroma (blue arrows). Note the endometrial glandular/surface reaction to

CD-138 antibodies (figure 2¢) but not to MUM-1 antibodies (figure 2a).

-II: Association between endometrial polyps and chronic endometritis: is it time for a
paradigm shift in the pathophysiology of endometrial polyps in pre-menopausal women?

Results of a systematic review and meta-analysis.
Study Selection

The literature search initially identified 1264 articles, after removing duplicates. The titles of
these manuscripts were screened, resulting in 75 studies potentially eligible for inclusion. Of the
manuscripts identified, 61 studies were excluded after the evaluation of the abstracts and 14
studies were further evaluated. Six studies were excluded after the evaluation of full text (48-

53).



Finally, a total number of eight studies were included in this present review (54-60). Study flow
diagram is displayed in Figure 3.
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Figure 3. PRISMA Flow-Diagram.

Included studies

All the studies were monocentric. Five were retrospective cohort or case-control studies. Two
were cross-sectional studies. Sklyarova et al 2020 did not report any information about the
design of their study (55). Main characteristics of included studies, patients and study aims are

summarized in Table 3-4.
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2019 (61)

Inaba et al

2020 (56)

Sklyarova
et al 2020

(55
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case-control
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na

Japan

Ukraine

40

133

polipectomy
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Infertile
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by the shape of
the polyp
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pregnancy loss

10 HPF
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positive
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na

infertile

women with EPs compared
with infertile women with

an EPs.

2) to investigate the
prevalence of CE in women
with primary infertility
compared with those with

secondary infertility.

to investigate the effects of

Dienogest on the
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inflammation of
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to analyze the incidence of
chronic endometritis  in
women of reproductive age
with reproductive health

disorders.
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Kuroda et
al 2021
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Nomiyama

et al 2021
(58)
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sectional

study
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Japan

Japan
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Control
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Group 2: 31
patients  with

CD138- EPs
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EPs

Table 3. General Features of included studies.

Study ID Main findings

S ; The prevalence of CE was increased in women with recurrent implantation failure, abnormal uterine bleeding and endometrial hyperplasia compared with those without the
ong et a . . . . . . . . .

2018 (57) respective conditions, and also significantly higher in the proliferative stage of menstrual cycle compared with the luteal phase. Women with EPs had a global prevalence of

CE 0f 28.7%. ©

Cicinelli et

-EPs were commonly associated with CE in the premenopausal women suffering from AUB (64.1%).

al 2019

(60) -Moreover, the majority of EPs were positive for CD-138 staining (76.7%), suggesting a possible hidden association between chronic inflammation and EPs. ©
Volodarsky- -The prevalence of CE in the group of infertile women was significantly higher than that in the control group (22.6% vs 8.6%; p = 001).

Perel et al

2019 (61) - Women with primary infertility and those with secondary infertility showed no difference in CE prevalence. ©

Inaba et al

-Dienogest prescription prior to hysteroscopic surgery of EPs has inhibitory effects on cellular proliferation.

2020 (36) -Patients with EPs might be significantly complicated by CE. 80% of EPs showed CD-138 positivity. ©
1. In patients with habitual miscarriage, primary infertility, and women in the planning of pregnancy and endometrial polyps, a high frequency of bacterial vaginosis and
Sklyarova recurrent inflammatory diseases of the lower parts of the reproductive system chronic endometritis was noted (p>0.01).
et al 2020
(55) 2. In immunohistochemical examination of the endometrium, CE was diagnosed in 80% of patients with habitual miscarriage, in 55% of women with primary infertility and in

61% of women when planning pregnancy and EPs (p>0.01). ©




Guo et al Multiple EPs were positively associated with CE among reproductive-aged women (58.7%) compared to single EP (28%) and controls (29.1%), suggesting a possible hidden

2021 (59) etiopathogenetic link between chronic inflammation and multiple EPs. ©
Kuroda et . . . . . . .

; 2001 92.6% of women with EPs had CE. Most CE patients with endometrial polyps had been cured by polypectomy without doxycycline (88.8% vs 58.1%). Clinical pregnancy rate
a
54 within 6 months was higher in women who did not receive antibiotics (63.2% vs 43.8%). ©
Nomiyama . . . . . . . . .

! 2001 Infertile patients with EPs have higher prevalence of CE compared to those without EPs. Women with CD-138 positive EPs have higher rate of CE compared to those with

et a
58) CD-138 negative EPs and those without EPs (68.4% vs 32.2% vs 28.3%).

Table 4. Main Findings of included studies.
*Study in abstract form © Full text studies.

CE: chronic endometritis EPs: Endometrial polyps.



Patients

The total number of patients evaluated was 3225. Studies included patients with re-productive
issues (infertility, recurrent miscarriage), AUB or miscellaneous populations undergoing

hysteroscopic procedures.

Diagnosis of CE

In all studies, the diagnosis of CE was based on the demonstration of endometrial plasma cells
by using CD-138 immunohistochemistry. Diagnostic criteria for CE varied among studies. The
most common criteria applied were the detection of >5 plasma cells in 10 HPF (54, 55, 56, 59)

and >1 plasma cells in 10 HPF (57, 60, 61) by using CD-138 immunostaining (See Table 1).

Synthesis of results

Primary outcome: Prevalence of CE in women with EPs

Meta-analysis on the prevalence of CE in women with EPs was conducted based on data from
seven studies (54, 55, 57-61). A total number of 1248 patients with EPs were included. The
prevalence of CE ranged from 28.71% in the study by Song et al (57) to 92.59% in the study by
Kuroda et al (54). The pooled proportion was 51.35% (95% CI, 27.24%-75.13%; 1> = 98.72%)
(Figure 4).

Prevalence of chronic endometritis

Standard deviation Proportion (%) 95% Cl
Song et al 2018 . 209 28,708 22,678 to 35,354
Cicinelli et al 2019 —— 240 61,667 55,194 10 67,848
Volodarsky-Perel et al 2019 —.— 2717 15,523 11,468 to 20,335
Skylorova et al 2020 — 36 61,111 43,464 10 76,858
Guo et al 2021 —— 174 48,253 36,741 10 51,964

Kuroda et al 2021 E 3
Normiyama et al 2021 243 92,593 88,546 to 95,551
69 52,174 39,800 to 64,355
Total (fixed effects) - 1248 49,690 46,888 to 52,494

Total (random effects) —_———
1248 51,353 27,244 10 75,130
| ! | ! | 1 | 1 | 1 |
0.0 02 0.4 06 08 1.0 12 (inconsistency) 98,72%
Proportion meta-analysis 95% Clfor it 98,2410 99,06

Figure 4. Forest Plot. Prevalence of chronic endometritis in pre-menopausal women with endometrial

polyps.

Secondary outcome: prevalence of CD-138 positive EPs among EPs

Meta-analysis included data from three studies. A total number of 349 EPs were analysed (56,
58, 60). The prevalence of CD-138 positive EPs among EPs ranged from 55.07% in the study



by Nomiyama et al (58) to 80.00% in the study by Inaba et al. (56). The pooled proportion was
70.73% (95% CI, 55.73%-83.68%; 1> = 84.00%) (Figure 5)

Proportion meta-analysis

Standard deviation Proportion (%) 95% CI
Cicinelli et al 2019 — 240 76,667 70,795 to 81,867
Inaba et al 2020 e A—— 40 80,000 64,352 to 90,948
Nomiyama et al 2021 - = 69 55,072 42,619 to 67,077
Total (fixed effects) i 349 72,918 67,954 10 77,493
Total (random effects) ————— 349 70,735 55,792 to 83,683

I : : . : . ! . . - . 12 (inconsistency) 84,00%
04 0,5 0,6 0,7 0,8 0.9 1,0 !
95% Cl for I? 51,99 to 94,67

Prevalence of CD-138 positive EPs

Figure 5. Forest plot. Proportion of CD-138 immunoreactive endometrial polyps.

Tertiary outcomes: Prevalence of CE in women with EPs compared to women with a non-

polypoid endometrium

Data on 872 women (n=483 with EPs and n=389 with a non-polypoid endometrium) from three
studies (58-60) showed a significantly higher prevalence of CE in women with EPs as compared

to women with a non-polypoid endometrium (OR 3.07, 95% CI 1.59-5.95, 1>=77%, p=0.0008;

.
Figure 6).
Endometrial Polyps ~ Non-polypoid Endometrium Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Cicinelli et al 2019 148 240 58 240 38.3% 5.05[3.40, 7.48] -
Guo et al 2021 77 174 30 103 34.8% 1.93[1.15, 3.25) ——
Nomiyama et al 2021 36 69 13 46  26.9% 277125 6.14] —
Total (95% CI) 483 389 100.0% 3.07 [1.59, 5.95] -
Total events 261 101

Heterogeneity: Tau® = 0.26; Chi? = 8.67, df =2 (P =0.01); P=77%

Test for overall effect: Z = 3.34 (P = 0.0008) 0.01 01 1 10 100

Non-polypoid Endometrium  Endometrial Polyps

Figure 6. Forest plot. Women with endometrial polyps versus women with a non-polypoid endometrium:

prevalence of chronic endometritis.

Prevalence of CE in Women with a Single EP Versus Women with Multiple EPs

Meta-analysis was not feasible for this outcome. Data on 174 women (n = 92 with multiple EPs
[>3]; n = 82 with a single EP) from a single study (59) revealed a significantly higher
prevalence of CE in women with multiple EPs compared to women with a single EP (OR 3.43,

95% CI 1.83-6.46, p = 0.0001; data not shown).

Investigation of Sources of Heterogeneity across Studies

Sub-analyses were feasible for the primary outcome of our study. Splitting the analyses based

on the diagnostic criteria for CE did not reduce the statistical heterogeneity. Meta-analysis of



studies in which CE was diagnosed with >5 plasma cells in 10 HPF (n = 486 patients) (54, 55,
56, 59) found a pooled prevalence of CE of 65.54% (95% CI 27.03%-94.77%; I = 98.62%;
data not shown). Differently, meta-analysis of studies in which the diagnosis of CE was based
on the identification of >1 plasma cells in 20 HPF (n = 706 patients) (57, 60, 61) found a pooled
prevalence of CE of 34.25% (95% CI 10.60-63.18%; I* = 98.46%; data not shown). Secondary

analyses based on population characteristics were not feasible.

-I1I: Whether chronic endometritis modifies the endometrial interface for embryo

implantation at transmission electron microscopy: a case-control study. (Ongoing study)

For descriptive purposes, the results about four patients will be reported (n=2 with CE and n=2

controls).

In all four patients the histological dating was appropriate (mid-secretory) according to Noyes
criteria (4). In women without CE, the microscopic features of the endometrium at TEM were

similar to those described in literature about physiological endometrium.

| e 0V [11]

Figure 7. Transmission electron microscopy: Endometrium without chronic endometritis (Patient 1)
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Figure 8. Transmission electron microscopy: Endometrium without chronic endometritis (Patient 2)

In Figures 7-8, two TEM pictures of healthy endometria are displayed. Pinopodes, namely
protrusions of the uterine luminal epithelium present during the window of implantation, are
clearly visible. Pinopodes display a regular suface, with a few micro-extensions (cilia,
microvilli). Luminal cells are polarized in apico-basal fashion. Tight junctions between cells are
well-marked, mitocondria and nucleoles are of small size. Inside the pinopodes, a small number

of cytoplasmatic organelles are visible, including endosomes and glycogen aggregates.
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Figure 9. Transmission electron microscopy: Endometrium with chronic endometritis (Patient 3)

Figure 10. Transmission electron microscopy: Endometrium with chronic endometritis (Patient 4)

Figures 9-10 show two TEM pictures of endometria in women with CE. Typical luminal

protrusions of the WOI are less pronounced or absent, especially in Figure 9. Superficial



cellular extensions (in particular microvilli) are numerous in a similar fashion to the
proliferative phase of the cycle. Luminal cells are non-polarized, with elongated mitochondria.
In Figure 10, a considerable number of organelles are visible within the pinopode, with a
dominance of endosomial vescicles and lisosomes as compared to healthy endometria (Figures
7-8).

Discussion

This PhD project includes different studies that are variously inter-twined, whose hearth is the
aim to improve the available knowledge on CE. The multiplicity of objectives pursued in such a
three-year project is the result of the active collaboration between many researchers, including
some members of the "International Working Group for Standardization of Chronic
Endometritis Diagnosis" (involving 23 researchers from eleven European, Asian, North

American and South American countries) (39).

The decision to opt for a multifaceted PhD project arouse from the sincere need to evaluate CE
all-round, including efforts for improving diagnosis and attempts for providing a deeper

knowledge on the impact of CE on human reproduction and endometrial health.

The abovementioned working group, founded in 2017, had the original purpose of
characterizing CE more precisely in order to establish comprehensible, standardized diagnostic
criteria. Despite our efforts, this goal was not achieved as all the available diagnostic techniques
for CE suffer from some limitations. Hysteroscopic examination, whose usefulness for CE
diagnosis was demonstrated in a recent trial by our group (39), suffers from the fact that it is an
operator-dependent method. As a matter of fact, the accuracy of hysteroscopy for CE diagnosis
suffers from many additional problems, including the severity of CE, the quality of the
equipment available, the day of the cycle in which the examination is performed, the presence
of additional intrauterine pathologies (egs. polyps, myomas, hyperplasia, synechiae) and patient
compliance during the examination. For these reasons, histopathological examination currently
represents the diagnostic gold standard for CE. However, it should not be neglected that
histopathological examination examines only a few fragments of the entire endometrium (unlike
the hysteroscopic examination which allows the evaluation of the entire uterine cavity), and
therefore is strictly dependent on the amount of tissue collected, as well as on the exact site of
tissue sampling. For example, in the case of focal CE, a blind sampling can result in the

inadvertent capture of healthy tissue, therefore leading to false negative diagnosis (40, 42).

Another limitation of the histopathological examination is inherent to the staining method used.
Since the number of plasma cells in the entire section is often small, they can remain unnoticed

or confused with other cellular elements. For this reason, the use of the immunomarker CD-138



has become widespread in recent years, as it makes the identification of plasma cells easier as
compared to traditional staining methods (42, 43). Nonetheless, as discussed in the introduction,
this marker is not specific for plasma cells and can sometimes lead to false positive diagnoses.
For the latter reason, one of the objectives of this PhD project was to evaluate the accuracy and

reproducibility of MUM-1 as a novel marker for the diagnosis of chronic endometritis.

Another unsolved issue for the diagnosis of CE is inherent to the fact that this condition has
been traditionally associated with endometrial plasma cells. Theoretically, some CE cases may
not display plasma cells infiltration in the endometrium. In particular, the duration of the
inflammatory insult and different etiological agents may generate variable histological changes

and local immune responses.

What we know today, the presence of CE has been associated with greater risk of reproductive
failure (35), although not all the patients with CE are infertile (61). Thus, CE may exert variable
damage on endometrial receptivity in different clinical situations. Starting from this principle,
another goal of our project was to compare the TEM expression of endometrial organoids in the
mid-secretory endometrium of women with CE versus women without CE. This study (still
ongoing) opens the way for a further line of research on the microstructural abnormalities

associated with CE.

A further objective of our project was inherent to previous studies published by our group on
the correlation between CE and endometrial proliferative lesions (60). Specifically, we aimed to
provide a summary of evidence on the causal relationship between CE and EPs. This study
opens the way to future therapeutic strategies for EPs, potentially involving the combination of
medical and surgical approaches. Moreover, this study raises the need for further research aimed

to clarify the role of CE in carcinogenic processes of the endometrium.

Main findings and implications

-I: Accuracy and reliability of MUM-1 immunostaining for the identification of endometrial

plasma cells in chronic endometritis: head to head comparison with CD-138. A multi-centre

study.

Our study included a total number of 193 reproductive-aged patients for whom hysteroscopy
plus endometrial biopsy was indicated due to infertility, recurrent miscarriages, abnormal
uterine bleeding or the suspicion of polyps or myomas. For all patients, endometrial

preparations with CD-138 and MUM-1 staining were realized besides traditional histology.

By using all the techniques (hysteroscopy, histology, CD-138 and MUM-I

immunohistochemistry), our study revealed high prevalence of CE in the entire sample of



patients, especially in those women suffering from reproductive disorders. These findings were
in line with our previous data on women suffering from infertility, repeated embryo
implantation failure and recurrent miscarriage (33, 38, 63). On the other hand, as compared to
our recent study on women with intrauterine pathologies (60), this present study found lower
prevalence of CE. However, the two studies were different in terms of research design and

population characteristics.

Interestingly, in this study the accuracy for CE diagnosis of MUM-1 immunohistochemistry was
similar to CD-138 staining (AUC=0.893 vs AUC= 0.844 by using a combination of
hysteroscopy and histology as reference standard), and the closeness of agreement between the
two techniques was high (ICC=0.831, 0.761-0.881, 95%CI). Notably, sensitivity and specificity
of MUM-1 were slightly higher than CD-138 immunohistochemistry (93.48% and 85.03% vs
89.13% and 79.59%, respectively). These findings were further confirmed by individual
matching of CE diagnoses achieved by the two immunohistochemical techniques with those
obtained by hysteroscopy and histology (ICC=0.800 and ICC=0.592 vs ICC=0.696 and
ICC=0.463 for MUM-1 and CD-138, respectively). These important results deserve some
considerations concerning the peculiar characteristics of the techniques under comparison. As
previously mentioned, CD-138 antigen is constitutively expressed not only by plasma cells, but
also by the epithelial cells of endometrial glandular surface (41, 43). Therefore, epithelial cells
can appear as marked elements in the endometrial staining with anti-CD-138 monoclonal
antibodies, generating a focal or diffuse background reaction. In such cases, a correct diagnosis
is based on cell morphology-based criteria. Nevertheless, we must stress that some endometrial
sections with CD-138 staining may be misleading (egs. isolated or fragmented glandular
epithelial cells in the sample) and potentially result in misidentification of epithelial cells as
stromal plasma cells. Unlike CD-138, MUM-1 is not expressed by epithelial glandular cells but
mainly by lymhoid cells, especially plasmacytes and activated B/T lymphocites (45, 46).
Therefore, this latter staining technique does not display background reaction, but it should be
noted that it marks also other lymphoid lineage cells that can be found in the endometrial
stroma. Here, once again differential diagnosis is achieved through morphological criteria,
where plasma cells display eccentric nuclei with clock-face chromatin and abundant cytoplasm.
Thereby, the inner characteristics of the techniques employed in our study may potentially
explain their imperfect agreement in terms of CE diagnoses. Additionally, the lack of
background reaction with MUM-1 staining (but not with CD-138 staining) may justify our
findings about higher inter-observer agreement between pathologists, as well as the higher mean
number of plasma cells counted in paired samples by using MUM-1. In our opinion, these
specific differences between CD-138 and MUM-1 immunohistochemistry emphasize the
potential advantages of using both techniques contextually in CE. However, we need to stress

that our results, although exciting, need further confirmation in other institutional settings. To



the best of our knowledge, this was the first study investigating the accuracy and reliability of
MUM-1 immunohistochemistry for the diagnosis of CE. Originality, rigorous methodology, the
multi-centre setting of the study and the relatively large sample size were the points of strength.

The retrospective design was the main points of weakness of our study.

-II: Association between endometrial polyps and chronic endometritis: is it time for a paradigm

shift in the pathophysiology of endometrial polyps in pre-menopausal women? Results of a

systematic review and meta-analysis.

We found high prevalence of CE in pre-menopausal women with EPs (51.35%; 95% CI,
27.24%-75.13%), with high inconsistency (I* = 98.72%). Arguably, the high variability in CE
prevalence across studies was ascribable to heterogeneity in the diagnostic criteria for CE and in
populations’ characteristics. High inconsistency however limits the overall accuracy of the
prevalence estimates. Yet, we believe the data present a compelling argument for a renewed
appraisal with a least one out of four pre-menopausal women with EPs will have concomitant

CE (up to three women based on the 95% CI).

The results of the primary outcome were supported by secondary findings of our study. Indeed,
exposure to EPs was associated with higher odds of being affected by CE compared to a non-
polypoid endometrium (OR 3.07, 95% CI 1.59-5.95; p=0.0008), and exposure to multiple EPs
increased the odds of CE compared to a single EP (OR 3.43, 95% CI 1.83-6.46, p=0.0001).
Additionally, an extremely high prevalence of CD-138 immunoreactive plasma cells (ie. the

typical markers of CE) within the EPs tissue was found (70.73%; 95% CI, 55.73%—83.68%).

The findings from this present meta-analysis are in agreement with the results of our previous
study showing an association between CE and EPs (60). The pooled percentage of CD-138
positive EPs were similar (i.e. 70.73% and 76.7% in this review and in our previous study (60),
respectively). Notably, in our previous study (60), we also found that women with CD-138
positive EPs were more likely to suffer from CE compared to those with CD-138 negative EPs
(64.1% vs 30.7%; p < .0001). The study by Kitaya et al (48) was in partial contrast with these
data. In their prospective cross-sectional study on infertile patients undergoing hysteroscopy, the
authors reported no plasma cells infiltration within specimens from EPs. Additionally, plasma
cell density was significantly higher in micropolypoid tissue compared to EPs tissue.
Nevertheless, as per authors’ admission, the sample size of the study was small (n=23 women
with EPs). Moreover, that study had not epidemiological purposes, but aimed exclusively to
compare the mononuclear cell infiltration in macropolyps compared to micropolyps. Thus,
women with EPs and concomitant signs of CE at hysteroscopy (egs. micropolyps) were

plausibly excluded from the study.



If we depict a connecting line between the results here presented, an interdependent correlation
between EPs and CE may be postulated. In particular, EPs and CE could rep-resent two
consequent steps of a common pathological process. Such a theory was first proposed by
Carvalho et al, in 2013 (52). The authors conducted a descriptive histological study on
endometrial samples from 435 infertile women. Among those patients, the 24.6% were
diagnosed CE and the 15.9% showed histological changes that were highly suspicious for CE.
Interestingly, the authors observed specific endometrial vascular changes that were common in
CE and EPs. In particular, 70% of vascular alterations in CE corresponded to vessel wall
hyaline thickening, with similar morphology to the thick-walled vessels along the vascular axis
of EPs. Moreover, the alteration was frequently associated with thrombi and/or fibrinoid

degeneration of the vessel wall, potentially suggesting a vasculopathy caused by inflammation.

From a molecular point of view, chronic inflammation may promote EPs development by
distorting the signaling pathways that control endometrial tissue proliferation. In this respect,
we recently found an altered endometrial expression of genes involved in inflammatory, cell
proliferation, and apoptosis processes in women with CE (including vascular endothelial growth
factors [A, B, C], epidermal growth factor, tumor necrosis factor, interferon-y, transforming
growth factor B-1, cell division control protein variant, cyclin D3, cyclin B1, BCL-2 associated
X protein, BCL-2 associated X protein transcript variant alpha and interleukin-12), with a
dominance of proliferative and anti-apoptotic activity (37). These factors in CE may potentially
justify the gradual development of endometrial proliferative lesions emerging from a scenario of
chronic inflammation. Notably, similar pathogenic pathways have been previously highlighted
with regard to the development of colorectal polyps in patients with inflammatory bowel

diseases (64).

A pathogenetic link between CE and EPs is supported by indirect observations, too. In a
retrospective study on 323 infertile women, Sun et al (65) found a significantly higher
prevalence of EPs in women with fallopian tube obstruction compared to those with patent
fallopian tubes (42.9% vs 20.1%, p<0.0001), suggesting a correlation between EPs and history
of pelvic inflammatory disease (PID). Likewise, in women with hydrosalpinx, which is a
frequent complication of PID, an increased risk of CE has been demonstrated (66). Common
actors in the development of all these conditions may be some infectious agents. Notably,
quantitative and qualitative alterations of endometrial microbiome were clearly demonstrated in
CE, with a dominance of gram negative and intracellular bacteria (67-69). In women with EPs,
significant alterations of endometrial microbiome were also found (ie. with increased
percentages of Lactobacillus, Bifidobacterium, Gardnerella, Streptococcus, Alteromonas and
decreased expression of Pseudomonas) (49). However, those changes in endometrial

microbiome were not definitely attributed to causative bacteria of CE.



Last but not least, CE and EPs commonly coexist with endometriosis. Endometriosis is a
chronic, estrogen-dependent disorder characterized by inflammatory reaction in the ectopic and
eutopic endometrium (70-72). Endometriosis is a major cause of infertility and recurrent
pregnancy loss after natural and medically assisted conception (73, 74). In a previous study, we
found high prevalence of CE in severe endometriosis compared to controls (38.5% vs. 14.1%)
(75). Our findings were in line with those from other studies on different ethnic groups (76, 77).
Interestingly, infertile women with endometriosis show also higher prevalence of EPs compared
to controls without endometriosis (68.35% vs. 20.51%; Shen et al study (77)). Theoretically, the
correlation between endometriosis, CE and EPs may rely on common infectious and
inflammatory factors (78). In women with endometriosis, Khan et al (79) found high levels of
lipopolysaccharide (LPS) in peritoneal fluids and high contamination of Esherichia coli and
LPS in the menstrual effluents. The “hypothesis of bacterial contamination in endometriosis”
implies an initial bacterial stimulus, likely with Gram-bacteria (due to their high LPS content),
followed by sustained inflammation which allows establishing a vicious circle involved in the
development of endometriosis (78-80). In line with this theory, Chadchan et al (81) recently
found that the administration of broad-spectrum antibiotics led to size reduction of
endometriotic lesions in murine models. However, even if a common thread between
endometriosis, CE and EPs is possible, we must recognize that current evidence is insufficient

to draw firm conclu-sions.

Our findings may have several future clinical and research implications. In pre-menopausal
women with EPs undergoing hysteroscopy, physicians may be advised about the need of
excluding CE diagnosis through a careful inspection of the uterine cavity and by undertaking
targeted endometrial samples of the non-polypoid endometrium. This suggestion may be
especially relevant in those patients with infertility or recurrent pregnancy loss, in whom CE
persistence after surgery may be associated with poor reproductive prognosis. The investigation
of CE may be relevant also for those women who are not seeking for pregnancy, as the
persistence of CE after polypectomy may theoretically in-crease the risk of EPs recurrence in
the long term. When CE is concomitant with EPs, the administration of antibiotics may be
considered in addition to polypectomy. In this respect, a recent study by Kuroda et al (54)
concluded discouraging empiric antibiotic therapy with doxicicline (200 mg daily for 14 days)
in addition to polypectomy as it reduced the recovery rate from CE as well as the clinical
pregnancy rate within six months in a group of infertile women undergoing IVF (54). However,
these results are not conclusive for many reasons, including the observational study design, the
short-term follow-up, the lack of data about live births. Additionally, a “scratching effect” due
to hysteroscopy immediately prior to IVF (82-84) could not be excluded. Thus, the
administration of antibiotic therapy in addition to polypectomy in infertile women with

concomitant CE prior to infer-tility treatments needs future investigation. Similarly, the role of



antibiotic therapy against CE for the prevention of EPs recurrence after surgery is still

undefined.

-III: Whether chronic endometritis modifies the endometrial interface for embryo implantation

at transmission electron microscopy: a case-control study. (Ongoing study)

In humans, there is a finite time during which the endometrium becomes receptive for blastocyst
attachment, known as the (WOI) (85). This period occurs during the mid-luteal phase of the
menstrual cycle and lasts for a maximum of four days. During the WOI, a series of cellular
modifications of the uterine luminal epithelium physiologically occur in response to sex steroids
(86). Previous studies at TEM illustrated specific changes in microvilli and the formation of

endometrial protrusions termed “pinopodes” or “uterodomes” (87, 88).

Pinopodes are 5-10 pm protrusions of the apical plasma membrane of uterine epithelial cells
(89). Compared to other epithelial plasma membrane protrusions like microvilli and cilia
(approximately from 0.2 um to 90 nm in size) pinopodes are larger and appear only during WOI
(90). The role of pinopodes in embryo implantation is still partly unclear (88, 89). Different
authors demonstrated a role of these protrusions in the regulation of endoluminal fluid and in
exocytosis of lipids, proteins, mRNAs, and miRNAs required for embryo-uterine crosstalk (91,
92). Other authors demonstrated that pinopodes are involved in the down-regulation of anti-
adhesive glycoproteins (such as the anti-adhesive molecule mucin-16). Specifically, by
unmasking the integrins of the luminal cells, pinopodes would promote the adhesion of the

embryo on the endometrial surface (93, 94).

In women with CE, no study have still evaluated the expression of pinopodes and other
organoids at the time of WOI. Preliminary data on four patients (n=2 with CE; n=2 without CE)
from our ongoing study on TEM are intriguing. In women without CE, organoids were
physiologically expressed (86). Pinopodes were well-pronounced, with a few cilia and
microvilli. Conversely, in women with CE pinopodes were less pronounced or absent, with
higher number of micro-extensions. Intriguingly, the endometrium in CE did not show the
typical cell polarization of the WOI. Additionally, higher number of endosomial vescicles and

lisosome were observed in women with CE.

The lack of pinopodes expression in CE deserves some reflections. As discussed above, the
development of pinopodes physiologically occurs in response to stimulation of sex hormone
receptors at the endometrial level (95-97). A previous study by Wu et al (98) found lower
expression of endometrial decidualization markers such as prolactin and insulin-like growth
factor binding protein-1 (IGFBP-1) in women with CE. Additionally, the authors identified

increased expressions of estrogen receptors o and B, as well as progesterone receptors A and B



in the stromal cells of CE patients in comparison to controls. Whilst the effects of IGFBP-1 and
PRL on pinopodes formation are still unknown, Martel et al and Singh et al (99, 100)
demonstrated that estradiol rise causes pinopodes regression. Thus, we may speculate that the
lack of expression of pinopodes in CE may be due to a hyperestrogenic background. Similarly,
this scenario could be responsible of abnormal persistence of microvilli and cilia in women with

CE.

Although preliminary findings are intriguing, we must stress that this study is still ongoing and
full results are required to draw firm conclusions regarding any possible alteration of organoids

in the mid-secretory endometrium of women with CE.

Conclusions

-I: Accuracy and reliability of MUM-1 immunostaining for the identification of endometrial

plasma cells in chronic endometritis: head to head comparison with CD-138. A multi-centre

study.

In our experience, immunohistochemistry for MUM-1 and CD-138 showed similar accuracy for
detecting endometrial stromal plasma cells. Notably, MUM-1 showed higher reliability in the
paired comparison of the individual samples than CD-138. Therefore, MUM-I
immunohistochemistry may represents a novel, promising add-on technique for improving the

diagnostic process in women with CE.

-II: Association between endometrial polyps and chronic endometritis: is it time for a paradigm

shift in the pathophysiology of endometrial polyps in pre-menopausal women? Results of a

systematic review and meta-analysis.

Our systematic literature review found high prevalence of CE in pre-menopausal women
suffering from EPs. Notably, the majority of EPs showed plasma cells infiltration at CD-138
immuno-histochemistry. The risk of CE was higher in women with EPs compared to women
with a non-polypoid endometrium, as well as in those with three or more EPs compared to those
with a single EP. Based on available evidence in pre-menopausal women, CE and EPs may have
a dependent relationship and may represent two consequent steps of a common pathological
process. However, a conclusive pathogenetic association between these two entities has not

been demonstrated yet.

-III: Whether chronic endometritis modifies the endometrial interface for embryo implantation

at transmission electron microscopy: a case-control study. (Ongoing study)

Mid-secretory endometrium of women with CE showed lower expression of pinopodes and

higher expression of microvilli and cilia compared to controls. These endometrial features in CE



are potentially due to abnormal endometrial response to sex hormones during the WOI and may
account for defective endometrial receptivity. As our study is still ongoing, full results will be
required to draw firm conclusions regarding the expression of endometrial organoids in the mid-

secretory endometrium of women with CE.
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