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Abstract: Background: Our study aimed to examine the osteopontin (OPN) serum levels and tissue
expression of CD44 and OPN in endometriosis-affected women both undergoing and not undergoing
progestin treatment, and also to determine their involvement in the pathogenesis of endometriosis.
Methods: Using an ELISA kit, we evaluated the OPN serum levels of healthy and endometriosis-
affected women both undergoing and not undergoing progestin treatment. Immunohistochem-
ical (IHC) analyses were used to assess the endometriotic tissue expressions of CD44 and OPN.
Results: There were statistically significant higher OPN serum levels in the healthy control group
compared to the women with endometriosis. Furthermore, there were higher OPN serum levels in
the endometriosis-affected women undergoing the progestin treatment, but the difference did not
reach statistical significance. In comparison to OPN, CD44 expression was significantly higher in all
the endometriotic tissue glands and stroma, regardless of the patient’s treatment status. Compared to
the group receiving therapy, the OPN levels were higher in the endometriosis group not receiving
therapy. OPN’s robust cytoplasmic expression seemed to be associated with the non-treatment group.
Conclusion: Endometriosis, CD44, and OPN appear to be closely related. This study suggests that
endometriosis that has not been treated has an immunological profile distinct to endometriosis that
has received treatment.

Keywords: progestin; endometriosis; immunohistochemistry; osteopontin; CD44

1. Introduction

Controversy still surrounds the pathogenesis of endometriosis, with its exact cause
remaining elusive. The presence of endometrial glands and stroma outside the uterus is the
main characteristic of this disease, which leads to symptoms such as pelvic pain, infertility,
and menstrual irregularities [1].

There are several well-known hypotheses regarding the occurrence of endometriosis;
the most accepted one relates to retrograde menstruation [2]. As revealing as it seems, and
despite its wide acceptance, the retrograde menstruation theory fails to explain why the
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disease affects only 3.7% of the 90% of women who experience retrograde menstruation [3,4].
Thus, other pathogenic mechanisms, such as genetic, epigenetic, and immunological factors,
must be involved in the development of the ectopic focuses of endometriosis, which can
lead to changes in the microenvironment and immunological activity, in turn reshaping the
normal signaling paths. Recently, scientists have been exploring various molecular factors
that contribute to endometriosis development and progression [5–8].

Even though endometriosis is a benign condition, it has been shown that it has a num-
ber of malignant attributes, such as neo-angiogenesis, invasion, and metastasis [2,9]. Up
to 40% of affected women will develop recurring endometriosis within a 5-year period,
despite the fact that the condition is not lethal, and patients benefit from therapy. Fur-
thermore, about 1% of patients develop a form of ovarian cancer due to the malignant
transformation of lesions [5,10,11].

One of the most common phenotypes of endometriosis involves endometriotic cysts.
Currently, in treating endometriosis, surgery, recommended only in women with persistent
pain symptoms or intolerance to hormonal therapy, is used alongside with first-line medical
treatment, but constant research on a potential molecular targeted treatment is being
conducted. Although the exact etiology of this disease remains unknown, accumulating
evidence suggests that dysregulated cell adhesion molecules and extracellular matrix
interactions play a crucial role in its development and progression [2].

CD44 and OPN, known as secreted phosphoprotein 1 (SPP1), are known to interact
and form a functional complex in various biological processes (for instance, in embryo at-
tachment, activating immune and epithelial cells), including at the site of the endometrium.
Both CD44 and OPN play important roles in tissue remodeling, the immune response, and
cell adhesion. CD44 can bind to OPN, forming a complex that facilitates cell adhesion and
migration [12].

CD44, a cell surface glycoprotein involved in cell adhesion and migration, has emerged
as a promising focus for research seeking to understand the complex mechanism underlying
endometriosis [1,2,13]. Studies have shown that CD44, among other adhesion proteins, may
play an important role in this type of aberrant cell behavior (ectopic endometrial attachment
to the peritoneum, cell migration, and implant survival due to altered apoptosis), with
its modified expression being a constant finding in such studies. This multifunctional
transmembrane glycoprotein is widely expressed in various cell types and tissues, being
involved in numerous physiological (embryo attachment, activating immune and epithelial
cells) and pathological processes (cell migration, proliferation, invasion, angiogenesis, and
cell survival, involved in tumor progression) [2,5].

In vitro studies have shown that CD44 expression is increased in endometriotic tis-
sues [14–16]. Torres et al. found that plasma concentrations of CD44 were significantly
increased in endometriosis samples and were also significantly correlated with the presence
of the disease, but, surprisingly, they did not find a correlation between these high concen-
trations and the clinic-pathological stage of the disease [17]. Additionally, other studies
found that CD44 was highly expressed in the epithelial cells of the ectopic endometrium in
in vivo rat models, compared to samples of the normal endometrium [18–20]. Specifically,
CD44 is involved in peritoneal attachment, and its diverse functions are attributed to its
ability to bind hyaluronan, a major component of the extracellular matrix, and to interact
with other ligands, such as growth factors and cytokines [21]. Furthermore, the findings of
an in vivo study using CD44 knockout mice models suggest that CD44 plays a fundamental
role in the development of endometriotic lesions; it was found to affect cell functions such
as adhesion, signaling, and migration [22].

It seems that in the normally located endometrial tissue of endometriosis-affected
patients, CD44 has an up-regulated turnover. This may suggest that these patients are
prone to ectopy and invasion. Also, studies have found a higher concentration of serum
CD44 in these women when compared to unaffected women [22].

CD44 is implicated in the adhesion and invasion of endometrial cells outside the
uterus. Enhanced CD44 expression facilitates the attachment of endometrial cells to the
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peritoneal surface and other sites, promoting the establishment of endometriotic lesions.
In addition, this molecule is involved in the attachment of other cell types. Studies have
reported that treatments with anti-CD44 antibody or hyaluronidase led to the decrease
in the adherence of ovarian cancerous cells to the peritoneum. Moreover, hyaluronidase
seems to be effective in decreasing the adherence of endometrial epithelial cells (EEC) and
endometrial stromal cells (ESC) to peritoneal mesothelial cells (PMC) [23].

CD44 is also involved in modulating the immune response by interacting with immune
cells, such as macrophages and T lymphocytes. CD44 expression on immune cells influ-
ences their recruitment to endometriotic lesions and promotes the release of inflammatory
cytokines, perpetuating the inflammatory milieu [24].

Angiogenesis is crucial for the survival and growth of endometriotic lesions. CD44
has been implicated in angiogenesis due to its interaction with factors involved in blood
vessel formation. CD44-expressing endometrial cells promote the release of angiogenic
factors and facilitate the development of a vascular network necessary for lesion growth
and maintenance. It is also worth mentioning that CD44 is involved in the self-renewal
and differentiation of stem cells, with its altered expression and signaling suspected to
influence the behavior of endometrial stem cells, thereby contributing to the pathogenesis
of endometriosis [25].

OPN is a protein that is involved in various physiological and pathological processes,
including inflammation, tissue remodeling, and immune regulation. In the context of
endometriosis, OPN has been implicated in several aspects of the disease, although the
exact molecular mechanism is yet not fully understood [26,27]. Konno et al. were the first
researchers to study the function of OPN in endometriosis, discovering abundant levels of
OPN in endometriosis tissue using immunohistostaining [28], which indicated that OPN
was involved in the development of endometriosis [26]. OPN was also discovered to be a
CD44 glycoprotein ligand, and cell–cell and cell–matrix interactions are hampered by the
cell surface receptor CD44 [26,29].

Furthermore, OPN has been found to promote cell adhesion and invasion in en-
dometriosis. It interacts with integrins and other cell surface receptors to facilitate the attach-
ment and migration of endometrial cells to the peritoneal lining and other sites [26,30,31].

In endometriosis, OPN has been shown to play a role in modulating the immune re-
sponse and promoting inflammation. It can recruit immune cells, such as macrophages and
T cells, to the sites of endometriotic lesions, leading to the production of pro-inflammatory
cytokines and chemokines [32,33].

Moreover, OPN promotes angiogenesis by stimulating the proliferation and migration
of endothelial cells. It can interact with various growth factor signaling pathways involved
in angiogenesis [34,35].

This study set out to assess the involvement of CD44 and OPN in endometriosis, as
well as their potential use in novel treatment strategies for the disease. In this regard, our
goal was to assess the expression of these two molecules and their unique characteristics
in endometriotic tissue from progestin-treated and untreated women, in order to help
guide future therapeutic research. We evaluated the immunoreactivity of the epithelial and
stromal components in the endometriotic tissue to determine if CD44 and OPN expression
levels were implicated in the progression of endometriosis (i.e., the extension of lesion
fibrosis in endometriosis).

2. Materials and Methods
2.1. Patient Selection and Serum and Tissue Samples

Our observational study included 60 patients (18–42 years old) with stage III or
IV endometriotic lesions; they were enrolled between January 2021 and January 2022.
For the purpose of the study, endometriotic cyst tissue and serum were obtained from
patients with endometriotic cysts who underwent surgery at the Obstetrics and Gynecology
Hospital “Cuza-Voda” in Iasi and the Obstetrics and Gynecology Hospital “Panait Sirbu”
in Bucharest.
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Serum samples were collected from the 60 endometriosis-positive women involved in
the study, with 24 of the patients undergoing 2 mg daily dienogest treatment for 3 months
prior to surgery, and the other 36 not undergoing any treatment. Serum sampling was
performed twice: on the day of the procedure (M2) and three months before the intervention
(M1), when they were clinically and para-clinically identified to have endometriosis. The
serum samples from the M1 time frame were compared to the OPN serum levels of
30 controls who met our exclusion criteria, and whose age and body mass index (BMI)
values matched those of our study group. The women from the control group attended the
two hospitals for laparoscopic tubal ligation without any gynecological complaints, and
there were no intraoperative incidental endometriosis findings.

We also collected endometriotic tissue specimens from the 60 endometriosis-positive
women; as mentioned above, 24 were undergoing hormonal treatment while 36 were not
undergoing any treatment.

All patients provided written informed consent before being enrolled in the study, and
the Hospital Ethics Committee approved the study (No. 11062/2020 and No. 6/2021).

2.1.1. Inclusion Criteria

We obtained serum and tissue samples from female patients whose endometriosis
had been laparoscopically identified and later histologically confirmed. Specifically, tissue
samples were collected from endometriotic ovarian cysts of women who had undergone
surgery and who had and had not undergone hormone therapy with progestins (dienogest
2 mg daily) for three months prior to the intervention.

2.1.2. Exclusion Criteria

Due to the possibility that these factors could affect our research, we excluded women
with BMI > 30, malignant or other tumoral lesions, diabetes, depression, genetic syndromes,
any infectious or autoimmune diseases, as well as who smoked, were pregnant, were taking
any other hormonal therapy besides dienogest, or were undergoing any other treatment
that might interfere with bone and mineral metabolisms.

Histomorphological and immunohistochemistry (IHC) testings confirmed the patho-
logical diagnosis of endometriosis in every case. Routinely prepared hematoxylin eosin
(H&E) sections were examined, and IHC was independently evaluated by two pathologists
to confirm the diagnosis.

2.2. Enzyme-Linked Immunosorbent Assay (ELISA)

Using the manufacturer’s instructions, an enzyme-linked immunosorbent assay (ELISA)
kit (Reference DY1433 Human OPN; R&D Systems, Inc., Minneapolis, MN, USA) was used
to quantify OPN levels in serum. The measurement range was 30 to 4000 mg/L. OPN
concentrations less than 30 mg/L were not detectable and were considered as 0 mg/L for
statistical purposes. Every sample was examined twice, and the mean value was computed.
The OPN ELISA kit’s intra- and inter-assay coefficient variability values were 7.8% and
9.8%, respectively.

2.3. Immunohistochemistry

Immunohistochemistry was carried out on formalin-fixed, paraffin-embedded tissue
utilizing monoclonal antibodies against CD44 and OPN. The samples were fixed with 10%
neutral formalin before being paraffin embedded and cut into sections that were 4–5 µm
thick. IHC was used to determine the expressions of CD44 and OPN, with specific dilutions
used for CD44 (1:250) and OPN (1:200), as suggested by the provider (Abcam, Cambridge,
UK) (Table 1).
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Table 1. Immunohistochemical panel of antibodies used in the study.

Antibody Clone, Manufacturer Dilution Expression

Anti—CD44 Rabbit polyclonal IgG isotype, Abcam (ab157107) 1:250 Nuclear

Anti—OPN Rabbit polyclonal IgG isotype, Abcam (ab8448) 1:200 Nuclear
OPN: osteopontin; IgG: immunoglobulin G.

CD44 expression was primarily found at the membrane level, whereas OPN was
predominantly located in the cytoplasm of the epithelium and stroma of endometriotic
cells. The distribution of CD44 in the endometriotic tissues was homogeneous, in contrast
to OPN, whose distribution was heterogeneous.

The intensity (0—negative, +1 weak, +2 moderate, +3 strong) and percentage of
positive cells (0–100%) were analyzed and categorized into two groups showing negative
(negative and only focal weak intensity in < 10% cells) and positive scores (moderate to
strong intensity in >10% cells), respectively.

2.4. Statistical Analysis

Medical data were imported into and verified in Microsoft Excel and then analyzed in
SPSS 24 (IBM Corp. Released 2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk,
NY, USA: IBM Corp.).

The data were in the form of measurable numerical values on a ratio scale or categorical
variables on an interval scale. Within the descriptive statistics, we calculated the values
of the following statistical measures: sample size (N), mean, standard deviation, standard
error, and 95% confidence intervals for mean, min, max, absolute, and relative frequencies.

Statistical hypothesis tests were conducted using the Student’s t-test (for comparing the
averages of numerical variables), the Levene’s test (for checking the equality of variances),
and chi-square or Fisher’s exact test (for categorical type).

The standard cut-off of 5% or 0.05 significance was used to determine whether the
hypothesis was supported.

3. Results

The mean age of the 60 women with endometriosis (24 who were undergoing treatment
and 36 who were not) was 31.92 ± 4.706 years (30.70/33.13—95% CI).

3.1. Serum OPN Levels

For the M1 time frame, we found statistically significant higher OPN levels in the
patients from the control group (without endometriosis detected during laparoscopic
surgery) compared to the 60 women with endometriotic ovarian cysts (Table 2).

Table 2. Serum OPN levels in women with endometriosis who were and were not undergoing treatment.

Group N Mean Std. Deviation Std Error

95% Confidence
Interval for Mean Min Max p

Lower Bound Upper Bound

M1 before treatment

<0.01
endometriosis

group 60 210.061 219.088 28.284 153.465/266.658 74 1070.92

control group 30 390.101 303.458 55.403 276.788/503.414 80.92 1086

M2

0.053without treatment 36 201.918 204.253 34.042 132.809/271.028 74 1070.92

with treatment 24 318.943 235.269 48.024 219.597/418.289 75.20 893.810
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At the M2 time frame, when we compared the mean serum OPN levels of the 24 en-
dometriosis patients receiving progestin therapy with the 36 endometriosis patients receiv-
ing no specific endometriosis treatment, the treated women were found to have higher
levels, but the difference was not statistically significant (Table 2).

3.2. Evaluation of CD44 and OPN Endometriotic Sample Expression

All cases of endometriosis, with and without treatment, showed an intensely positive
reaction for CD44. Despite the fact that CD44 was substantially expressed in every case
of endometriosis, a positive score was discovered in 32 (60%) of the untreated cases and
21 (40%) of the treated cases. OPN was expressed positively in 28 cases: 14 cases (50%)
in the non-treatment group and 14 cases (50%) in the treatment group (Table 3). OPN
exhibited higher positive expression in the treatment group, recording 14 positive (50%)
and 10 (31.25%) negative tissue samples in this group. In the specimens from the women
who were not undergoing progestin treatment, the tissue OPN expression was positive in
14 (50%) and negative in 22 (68.75%) samples (Table 3).

Table 3. Differential expression of CD44 and OPN in endometriotic samples.

Group N
CD44 OPN

Positive Negative Positive Negative

With treatment 24 21 (40%) 3 (43%) 14 (50%) 10 (31.25%)

Without treatment 36 32 (60%) 4 (57%) 14 (50%) 22 (68.75%)

p-value 0.99 F 0.14
F—Fisher exact test.

According to the immunohistochemistry results, both the stroma and endometriotic
cells highly expressed CD44 (Figure 1a–d). OPN was mostly expressed in the stroma and
showed a comparable pattern of expression in both the treatment- and without treatment-
groups (Figure 1e–h).
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When we examined the CD44 and tissue OPN expression, there was no statistically
significant difference between the progestin-treated and without-treatment groups, with
p values of 0.99 and 0.14 obtained, respectively (Table 3).

However, when we separately analyzed the epithelial and stromal compartments,
we detected some intriguing findings regarding OPN’s expression. A total of 20 (55%)
of the endometriotic areas in the group who received no therapy showed a negative or
only focal and weak reaction for OPN, while 16 (45%) of the remaining areas in that group
showed a positive immunoreaction for OPN with a moderate to strong intensity. While in
the treatment group the distribution of OPN was comparable to the non-treatment group,
the lack of progestin treatment seemed to correlate with higher OPN expression in the
epithelial compartment and with low expression in the stromal compartment (Table 4).
When studying the CD44 separate compartments, this pattern was absent.

Table 4. Differential expression levels of CD44 and OPN in endometriotic samples in the
two compartments.

CD44 OPN

Group N
Epithelial Stromal Epithelial Stromal

Positive Negative Positive Negative Positive Negative Positive Negative

With treatment 24 22 (39.28%) 2 (50%) 17 (38.63%) 7 (43.75%) 14 (41.17%) 10 (38.46%) 13 (14.81%) 11 (33.33%)

Without treatment 36 34 (60.71%) 2 (50%) 27 (61.36%) 9 (56.25%) 20 (58.82%) 16 (61.53%) 14 (51.85%) 22 (66.66%)

p-value
56 4 44 16 34 26 27 33

0.99 F 0.72 0.83 0.24

F—Fisher exact test.

It seems that a positive correlation between the tissue OPN and serum OPN was present.

4. Discussion

The search for markers of and potential treatments for endometriosis is ongoing. Due
to the still poorly understood condition’s pathophysiology, there are just a few options
for treatments with less severe side effects, mostly progestin therapies and medication for
alleviating pain. There are currently no new drugs available for the treatment of the disease,
partly because the underlying causes of endometriosis are still unclear. Progestin therapy has
been used alone or in conjunction with other medications to treat endometriosis [19,36–39].

In this study, we investigated CD44 and OPN, two molecules thought to be important
in the onset and progression of endometriosis, to determine if they exhibit any changes
in response to progestin therapy. The results of progestin therapy vary from patient to
patient, are effective in about two-thirds of patients [40,41], and have a limited long-term
impact [42–44]. Additionally, some recent studies have reported response specificities in
ectopic and eutopic endometrial tissue, as well as that eutopic endometrial tissue exhibits
a distinct response to progesterone in both healthy and endometriosis-affected women [19].
According to Guidice et al. [45], the expression of solely progesterone receptor inhibitory
isoform A causes endometriotic implants to be resistant to progesterone.

In the pathophysiology of endometriosis, CD44 and OPN seem to both play some
important role by influencing a multitude of underlying processes that result in the appear-
ance and growth of endometriotic ectopic tissue, such as adhesion, invasion, inflammation,
angiogenesis, and stem cell activity. Understanding how these two molecules are involved
in endometriosis offers important insights into the underlying disease process and may
provide novel diagnostic and treatment options. There is a lack of data concerning the levels
of OPN in women with endometriosis and the levels of CD44 and OPN in endometriotic
ectopic tissue from endometriosis specimens [26,46–48].

Studies have reported conflicting results regarding serum OPN levels in women with
endometriosis compared to controls. OPN is a protein involved in various physiological
processes, including inflammation, immune response, and tissue remodeling. Some studies
have suggested that serum OPN levels are higher in endometriosis patients compared
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to controls, while others have found no significant difference or even lower levels in
endometriosis patients. Studies by Ho et al., Fu et al., D’Amico et al., and Cho at al.,
published in 2009, 2013, 2021, and 2022, respectively, found elevated serum OPN levels in
women with endometriosis [26,34,49,50]. On the other hand, Streuli et al. found lower OPN
serum levels in women with focal adenomyosis compared to controls and in women with
focal adenomyosis and deep infiltrating endometriosis. The patients included in this 2017
study had either diffuse or focal adenomyosis and one of the three types of endometriosis:
superficial, deep infiltrating, or endometriosis cysts. Thus, even though the results reported
by Streuli et al. are comparable with ours, it is difficult to draw a comparison [51].

There is limited research that specifically compares CD44 endometriotic tissue
staining in endometriosis-affected women who have and have not undergone progestin
treatment [2,46,52,53]. In 2007, Kim et al. studied the expression of this marker in tissue
from various phenotypic types of endometriosis (peritoneal, ovarian, and rectovaginal). The
results of their immunohistochemistry analysis showed that CD44 was mostly expressed
in the stroma compartment of endometriotic ectopic lesions, with consistent expression
of this molecule found in both the epithelial and stromal compartments [52]. In 2013,
Koo et al. evaluated the tissue levels and circulating levels of CD44 in women with
endometriosis. The authors performed an endometrial stromal cell (ESC) to peritoneal
mesothelial cell (PMC) adhesion assay in women with and without endometriosis. They
evaluated the levels of the CD44 mRNA in the endometrial stromal cells of women with
and without endometriosis using reverse transcription-polymerase chain reaction (rPCR),
and the serum CD44 levels in the same women using the western blot technique. They
found no statistically significant differences between the expression of CD44 in the ESCs of
the women with and without endometriosis, with no differences in attachment also found,
even after CD44 antibody treatment, indicating that this molecule may not be directly
involved in the attachment of ESC to PMC in women with this pathology, an attachment
that serves as the foundation for endometriosis appearance [46]. A 2015 animal study
by Knudtson et al. utilizing knockout mice highlighted the role of this molecule in the
early stages of endometriosis development, although they found that this marker was
not the only one involved, because endometriotic lesions still manifested in the absence
of CD44 in the knockout mice [53]. A more recent, 2020 study, that evaluated CD44
expression in the endometrium and ectopic endometriotic lesions of women with and
without endometriosis, surprisingly found lower levels of this cell-surface glycoprotein in
the women with endometriosis compared to controls, with CD44 IHC analysis suggesting
that it was mostly localized in the cytoplasm of glandular and stromal cells [2]. Moreover,
Pazhohan et al. and Matsuzaki et al. found higher CD44 expression in the eutopic and/or
ectopic endometrial samples of women with endometriosis compared to controls [22,54],
a finding in opposition to that of Poncelet at al. and Nothnick et al., who both found lower
levels in women with endometriosis than in controls [1,55]. Our research went beyond
these previous studies. We wanted to establish whether progestin therapy influences the
expression of these markers in endometriosis-affected women. We found that women with
endometriosis who were not receiving progestin therapy had increased levels of CD44
expression in both stromal and epithelial compartments. Even though this did not approach
statistical significance, we still think it is an extremely important finding for future research,
because the tissue samples in the study were collected just three months after the patients
started progestin therapy. In endometriosis specimens, reduced CD44 tissue levels indicate
a quantifiable therapeutic response.

The effects of progestins on CD44 expression in endometriosis may depend on var-
ious factors, including the specific dosage, treatment duration, and patient’s individual
characteristics. Similar to our study, some studies suggest that progestins may decrease
CD44 expression in endometriotic lesions, but the exact impact of this and its extent require
further investigation [2,46,52,53].

To the best of our knowledge, there are no specific studies to date that directly compare
tissue OPN staining levels between progestin-treated women and untreated women with
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endometriosis. Fu et al.’s study found that OPN was upregulated in endometriotic cellular
cultures from participants with endometriosis [34]. A 2021 study using an advanced
preclinical model of endometriosis found that OPN expression levels in both eutopic and
ectopic endometriosis organoids were statistically significantly lower than its expression
levels in control endometrial organoids [34,56]. Additionally, Tremaine et al. found in their
IHC investigation of the ovine endometrium that progesterone therapy increased OPN
levels [57]. Paravati et al. evaluated both markers in PCOS patients with and without
ovulation. They suggested there was a connection between both the serum levels and
tissue expression of CD44 and OPN in the PCOS-affected women [12]. Our results support
Paravati et al.’s finding that these two markers are directly associated, even though their
study only included PCOS-positive women, not women with endometriosis [12]. The
findings of our investigation showed a less pronounced alteration in tissue OPN expression
than what was observed in the CD44 case.

Our results suggest that endometriotic ovarian cyst specimens exhibit decreased ex-
pression of CD44 and OPN in both epithelium and stroma compartments after progestin
therapy. Our results provide evidence for the beneficial molecular effects of progestin ther-
apy in endometriosis-affected women and the close relationship between these two markers.
For OPN to be expressed on the endometrial surface, OPN’s receptor CD44 must be ex-
pressed on the endometrial epithelial cell membrane. According to Cao et al. and D’Amico
et al., but contrary to Nothnick at al., decreased expression of these molecules is linked to
cancer metastasis, tumor invasion, cancer cell proliferation, cell migration, and chemother-
apy resistance in a variety of cells and tissues [30,49,55].

Despite the scarce data in the literature, contradictory results in this research area
have emerged. We need to take into consideration the fact that such results may differ
depending on the study design, sample size, demographic characteristics, and assay tech-
nique variations. More research in this field is needed to determine the precise association
between endometriosis and the serum and tissue levels of OPN and CD44 expression.
Blood biomarkers will always represent a tempting, less intrusive option to use as part of
paraclinical investigations in women with endometriosis. Because of the parallel between
the tissue and blood values found in this study, the use of blood biomarkers may seem
like a feasible option, but further research on women with endometriosis is required to
confirm this.

Our research has some limitations. Firstly, the study’s small sample size and limited
timeframe may have had an impact on our findings. To corroborate these, we need to
conduct additional research on a broader population. Secondly, every woman in our study
had an ovarian endometriotic cyst, a form of phenotypically expressed endometriosis,
and was in stage III or IV of the disease. We must consider all the disease’s stages in all
of its phenotypic manifestations in order to validate and generalize the findings of the
research. Despite this, we are optimistic that our findings may spur additional research
into the etiology and pathogeny of endometriosis, as well as the development of accurate,
noninvasive diagnostic methods, and better treatment options for the condition.

5. Conclusions

This research provides insight into a strong relationship between OPN, CD44, and
endometriosis. Additionally, we noticed that progestin significantly impacted these tissue
markers that are involved in cell growth and apoptosis.

In this study, we found that healthy women had greater OPN serum levels than
endometriosis patients both undergoing and not undergoing therapy. After just three
months of progestin therapy, a rise in this marker’s blood levels was detected.

In the endometriosis-affected women, progesterone therapy appeared to alter the
expression of these two markers in the tissue. Higher OPN expression in the epithelial com-
partment and lower expression in the stromal compartment appeared to be correlated with
a lack of progestin therapy. This pattern was not found in the CD44 distinct compartment



Biomedicines 2023, 11, 2036 10 of 12

investigation, where CD44 was found to be highly responsive in all cases, i.e., in patients
both undergoing and not undergoing therapy.

In conclusion, our study revealed that progestin can be used to influence the progres-
sion of endometriosis by reducing proliferation and migration of the endometriotic cells.
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