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Abstract: Menstrual blood mesenchymal stem cells (MenSCs) have gained prominence in the en-
dometriosis scientific community, given their multifunctional roles in regenerative medicine as a
noninvasive source for future clinical applications. In addition, changes in post-transcriptional
regulation via miRNAs have been explored in endometriotic MenSCs with a role in modulating
proliferation, angiogenesis, differentiation, stemness, self-renewal, and the mesenchymal-epithelial
transition process. In this sense, homeostasis of the miRNA biosynthesis pathway is essential for
several cellular processes and is related to the self-renewal and differentiation of progenitor cells.
However, no studies have investigated the miRNA biogenesis pathway in endometriotic MenSCs. In
this study, we profiled the expression of eight central genes for the miRNA biosynthesis pathway
under experimental conditions involving a two-dimensional culture of MenSCs obtained from healthy
women (1 = 10) and women with endometriosis (1 = 10) using RT-qPCR and reported a two-fold
decrease in DROSHA expression in the disease. In addition, miR-128-3p, miR-27a-3p, miR-27b-3p,
miR-181a-5p, miR-181b-5p, miR-452-3p, miR-216a-5p, miR-216b-5p, and miR-93-5p, which have
been associated with endometriosis, were identified through in silico analyses as negative regulators
of DROSHA. Because DROSHA is essential for miRNA maturation, our findings may justify the
identification of different profiles of miRNAs with DROSHA-dependent biogenesis in endometriosis.
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1. Introduction

Endometriosis is a benign gynecological, estrogen-dependent disease that affects over
10% of women of reproductive age [1]. Its etiopathogenesis is multifactorial and results from
aberrant endocrine, immunological, genetic, inflammatory, and angiogenic processes [2].
One of the theories to explain its origin is retrograde menstruation [3], which assumes
that menstrual blood reflux carries portions of viable endometrial cells with adhesion and
invasion ability to the peritoneal cavity, resulting in ectopic lesions [4,5]. However, their
origin is complex and remains undefined [4].

In this context, a possible role of mesenchymal stem cells in the endometrium (eM-
SCs) [6,7], in the menstrual blood (MenSCs) [8], and in endometriotic lesions [9] has been
suggested as a player in the establishment and progression of ectopic tissue [10]. MenSCs
have recently been the subject of studies on the etiology of endometriosis owing to their
high proliferation rates, immunomodulatory capacity, migration to inflammatory niches,
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clinical applications, and roles in regenerative medicine with no ethical dilemma [11,12].
In addition, given the important particularities evidenced in the endometrium of women
with endometriosis [13,14], and although the participation of the endometrium as a carrier
of changes is not fully understood, tracking molecular alterations in these progenitor cell
types could demonstrate their involvement in the disease. The few studies on differen-
tial expression of genes or proteins in endometriotic MenSCs suggest that primary cell
alterations are related to impaired decidualization potential and the chronic inflammatory
endometrial microenvironment [15-18].

Gene expression is an intricate mechanism that involves the modulation of transcrip-
tional, post-transcriptional, translational, and post-translational modifications. A discrep-
ancy between the transcript levels and the corresponding proteins observed in endometrio-
sis may be associated with the pathophysiology of the disease and post-transcriptional
regulatory mechanisms [19-21]. MiRNAs, although not the only ones, constitute one of the
main elements responsible for post-transcriptional regulation, having been widely explored
in the disease [22-24]. In the endometriosis mesenchymal stem cells scenario, the miRNAs
described have a role in modulating proliferation, angiogenesis, differentiation, stemness,
self-renewal, and mesenchymal-epithelial transition processes [25-28]. Given the diversity
of functions associated with this disease, it is understandable that these molecules are
targets of interest in the endometriosis scientific community.

MicroRNAs (or miRNAs) are single-stranded structures 20-30 nucleotides in length.
Homeostasis of the miRNA biosynthetic pathway is important for several cellular pro-
cesses and is related to the self-renewal and differentiation of progenitor cells [29-31]. The
miRNA biogenesis pathways are classified as canonical and non-canonical, with different
combinations of proteins involved in the non-canonical and canonical pathways, mainly
DROSHA, DICER, XPO5, and AGO2 [32]. Canonical biogenesis starts with RNA Poly-
merase II transcription of the miRNA gene [33]. The first long hairpin transcript structure,
pri-miRNA, is converted to pre-miRNA by the nuclear microprocessor composed of the
DROSHA enzyme and the DGCRS8 cofactor [34], and XPO5 (EXPORTIN) mediates the
export of pre-miRNA to the cytoplasm [33]. DICER is responsible for cleavage on a loop
basis, releasing a small double-stranded RNA carried by an ARGONAUTE protein (AGO),
which forms the RNA-induced silencing complex (RISC) [33]. The RISC is responsible for
connecting the leading strand of the miRNA to the complementary region of the messenger
RNA (mRNA), inducing translational repression, deadenylation, and, consequently, a
decline in the mRNA [35,36].

No study has investigated the miRNA biogenesis pathway in endometriotic MenSCs.
Whether dysregulation of the central genes involved in the canonical and non-canonical
miRNA biogenesis pathways may take part in the etiopathogenic process of endometriosis
remains unknown. Our goal, therefore, was to evaluate whether the gene expressions of
DROSHA, DGCR8, XPOb5, DICER, and AGO1 to AGO4 are differential in MenSCs of women
with endometriosis. Furthermore, to explain a possible post-transcriptional mechanism
via miRNAs for the dysregulation of these key genes, we performed in silico analyses to
predict miRNAs as regulators of differentially expressed genes (DEGs).

2. Results

This case-control study profiled the expression of eight genes central to the miRNA
biosynthetic pathway under experimental conditions involving two-dimensional cultures
of MenSCs obtained from healthy women (1 = 10) and women with endometriosis (1 = 10)
using RT-qPCR. The clinical characteristics of the women enrolled in this study were
previously described by the authors of [28] (pp. 736, table 1). No significant differences
were observed between case and control for clinical data: age (mean 36 &+ 3.0 and 35 & 3.5),
body mass index (mean 25.18 &+ 2.9 and 26.03 + 2.4), and menstrual flow collection days
(mean 2.7 £ 0.8 and 2.7 £ 0.6), respectively. The patients were infertile and complained of
pelvic pain. They all had an ultrasound diagnosis suggesting endometrioma in at least one
of the ovaries. The MenSC in vitro model was previously established by our group [28,37].
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The cells in this study were stored in a biorepository and previously characterized as MSCs
using a panel of 23 markers. No significant differences were observed in the percentages
of immunophenotypically labeled cells between the two conditions [28] (pp. 736, table 2),
with the expression according to the minimum criteria that define multipotent MSCs [38]
and the previously described MenSC profiles [11,39,40].

2.1. Expression Profiles of DROSHA, DGCRS, XPOS5, DICER, and AGO1 to AGO4

All samples used in this study were considered appropriate for the quantification of
gene expression using RT-qPCR, as they presented RNA integrity number (RIN) values
ranging from 8.10 to 10 (Figure S1 (Supplementary Materials)), compatible with reference
values for well-preserved RNA [41].

A significant decrease in DROSHA of approximately two-fold was found in the en-
dometriosis group (mean 0.48 £ 0.14, p = 0.008) compared to that of the control group
(mean 0.97 & 0.35). Although no significant differences in the expressions of the other
evaluated genes were observed, these results are inconclusive because only AGO3 had a
test power of 80% (Figure 1).

2.2. In Silico Data of miRNA-Downregulated DROSHA

As DROSHA is less expressed in endometriosis MenSCs, we selected 17 miRNAs pre-
dicted to be negative regulators of DROSHA using DIANA-TarBase v8, adopting an interaction
prediction score of <0.4 (see search results in https://dianalab.e-ce.uth.gr/html/diana/web/
index.php?r=tarbasev8%2Findex&miRNAs%5B0%5D=&genes%5B0%5D=&genes%5B1%5D=
DROSHA &species%5B0%5D=1&regulation_types%5B0%5D=DOWN&sources%5B0%5D=1&
sources%5B1%5D=7&sources%5B2%5D=9&publication_year=_&prediction_score=&sort_field=
score&sort_type=DESC&query=1&page=1, accessed on 28 December 2022). In addition, we
searched the literature for miRNAs that have already been studied in endometriosis (Table 1).
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Figure 1. The expression profiles of DROSHA, DGCRS, XPO5, DICER, and AGO1 to AGO4 genes were
obtained in MenSCs from women with and without endometriosis through RT-qPCR. The dots, red
markers, and asterisk represent the raw Cq data of each sample, mean value, and significant differences
(p < 0.05), respectively. Cq = cycle quantification. The box plot was created using MedCalc Statistical
Software version 19.5.1 (MedCalc Software Ltd., Ostend, Belgium; https:/ /www.medcalc.org; 2020).
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Table 1. MiRNAs that negatively regulate DROSHA were identified through an in silico analysis and reported in the literature as associated with endometriosis.

Endometriosis Literature

miRNA DianaTools—TarBase v.8 Prediction Score N
Expression Level Sample Reference
hsa-miR-30b-3p 0.945 No study
hsa-miR-149-5p 0.743 No study
hsa-miR-128-3p 0.739 T Plasma of endometriosis samples compared to control samples [42]
hsa-miR-27a-3p 0.653 1 Patient plasma-derived extracellular vesicles compared with healthy, fertile control [43]
3 Human endometrial stromal cells exposed to estradiol [44]
hsa-miR-27b-3p 0.652 T Endometriosis human endometrial stromal cells (HESCs) compared with controls [45]
T Human endometriosis cell line hREM15A [46]
T Human endometrial stromal cells exposed to estradiol [44]
hsa-miR-181b-5p 0.558
1 Endometriosis endometrial stromal cells treated with Saponin extract [47]
hsa-miR-181d-5p 0.557 No study
hsa-miR-452-3p 0.556 J Endometriosis plasma during the luteal phase of the menstrual cycle [42]
hsa-miR-216b-5p 0.538 T Ectopic stromal cells compared to eutopic stromal cells [48]
J Endometriosis eutopic endometrial stromal cells [49]
hsa-miR-216a-5p 0.526
1 Eutopic endometrium compared with ectopic endometrium. [50]
hsa-miR-676-3p 0.525 No study
T Endometriomas compared with ovarian cancer samples [51]
1 Superficial endometriosis compared with deep endometriosis and endometriomas [52]
hsa-miR-93-5p 0.519
T Endometrial mesenchymal stromal cells treated with endometriotic serum [53]
T Endometrioma compared with eutopic endometrium [54]
4 Human endometrial stromal cells treated with 8-bromoadenosine-cAMP and [55]
hsa-miR-181a-5p 0.502 medroxyprogesterone acetate
T Endometriotic cyst stromal cells compared with normal endometrial stromal cells [56]
hsa-miR-181c-5p 0.502 No study
hsa-miR-32-5p 0.495 No study
hsa-miR-92b-3p 0.480 No study
hsa-miR-876-3p 0.480 No study
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3. Discussion

To our knowledge, this is the first study to evaluate the expression of DROSHA,
DGCRS8, XPOb5, DICER, and AGO1 to AGO4 in MenSCs from women with endometriosis.
Here, we report a two-fold decrease in DROSHA expression during the disease. Nine
miRNAs (miR-128-3p, miR-27a-3p, miR-27b-3p, miR-181a-5p, miR-181b-5p, miR-452-3p,
miR-216a-5p, miR-216b-5p, and miR-93-5p) were experimentally verified as negative regu-
lators of DROSHA through in silico analyses and, according to the literature, have been
associated with endometriosis. However, the reasons and mechanisms for the DROSHA
changes in endometriosis and their impact on mesenchymal stem cells in the disease
are unknown.

DROSHA is the first enzyme to function in the biosynthesis of miRNAs and is respon-
sible for the cleavage of the hairpin structure in which the mature miRNA is sheltered.
DROSHA expression, activity, and specificity levels are controlled by autoregulation be-
tween DROSHA and DGCRS, post-translational modifications, and the linkage of proteins
to the terminal portion of pri-miRNA [33]. Therefore, considering that the efficiency of
DROSHA processing is crucial for determining the abundance of miRNAs, our results
suggest an impact on the maturation of miRNAs in endometriotic MenSCs, which may
contribute to the establishment of endometrial foci and consequently contribute to the
etiopathogenesis of the disease. A few studies addressing altered miRNAs in endometrial
and menstrual MSCs in endometriosis suggest a role in modulating proliferation, angio-
genesis, differentiation, stemness, self-renewal, and the mesenchymal-epithelial transition
processes [25-28].

The functions of DROSHA and DICER have been discussed in terms of how their
manipulation alters cell plasticity, growth, and division, as well as stem cell differentiation
and self-renewal [29,30,57-59]. DICER and DROSHA downregulation in mesenchymal
stromal cells from myelodysplastic syndrome was associated with a global down expression
of microRNAs involved in cell migration and attachment [59]. Global repression of miRNAs
increased transformation in human cancer cell lines and promoted prominent cell motility,
favoring the establishment of tumors and metastases [58]. We recently reported decreased
DROSHA protein levels in adenomyosis and suggested a possible relationship between its
pathophysiology and endometrial cancer [60]. Interestingly, DROSHA may regulate cell
cycle progression in human MSCs via a miRNA-independent mechanism, potentially by
regulating rRNA processing [61]. In light of these reports, we questioned whether deficient
DROSHA expression in endometriosis MenSCs could affect the maturation of a set of
miRNAs that depend on the canonical and non-canonical (DICER-independent) pathways.
DICER-independent processing has already been well described for the miR-451a [62],
which correlates with the endometriotic tissue survival status [63,64]. Thus, to elucidate
the impact of our findings, performing a global analysis of miRNAs and functional tests
in endometriotic progenitor cells would be interesting. Considering endometriosis as
a multifactorial disorder in which carriers have an altered hormonal and inflammatory
environment [5], we may question the impact of these alterations on the MenSCs present
in retrograde menstrual flow. This could explain the change in DROSHA, the altered
biogenesis of miRNAs, and consequently, genes regulated by them in these cells, which may
contribute to the viability, implantation, and proliferation of endometriotic foci in the pelvic
cavity. Steroids modulate miRNA expression at the transcriptional level and regulate their
biosynthesis [64]. Exposure of endometrial epithelial cells to estrogen and progesterone
combined alters the expression of DROSHA, DGCRS, XPO5, and DICER1 [65]. As described
by the authors of [66], a physical association occurs between the Estrogen Receptor Alpha
(ERx) and the estrogen complex with the microprocessor subunits DROSHA, p68, and p72,
which leads to its dissociation into a subset of pri-miRNAs. Given the estrogen-dependent
characteristics of endometriosis and progesterone resistance found in many patients [67],
the hormonal context of the disease could be involved in the differential modulation of
miRNAs in MenSCs from patients with endometriosis. Therefore, future research using
appropriate methodologies to evaluate this mechanism would be interesting.
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Furthermore, dysregulation of miRNAs may contribute to the pathogenesis and
chronic inflammation in autoimmune and inflammatory diseases [68], such as endometrio-
sis. It has been demonstrated that DROSHA and DICER-dependent miRNA biogenesis
are indispensable for immune regulation and the prevention of inflammatory diseases via
Foxp3+ regulatory T cells (T reg) [69]. Thus, miRNAs may play an essential role in the
inflammatory context of illness [70]. It is possible that this microenvironment contributes
to the reduction in DROSHA expression in MenSCs, given that alterations in DROSHA
are related to inflammatory processes, as previously described, and that the eutopic en-
dometrium of women with endometriosis IIl and IV presents a sustained stress profile due
to the enrichment of TGF signaling pathways, interferon alpha/gamma responses, and the
prevalence of natural killer T cells [13].

Our group recently published the first study that integrated transcriptome and pro-
teome data in endometriotic MenSCs; of note, we found no major changes in these two
different landscapes [17]. Thus, DROSHA compensatory mechanisms may be acting in
these progenitor cells, making it favorable to study miRNoma under these experimental
conditions to profile the miRNAs in these cells to understand the mechanisms involved in
the disease.

To explain a possible post-transcriptional mechanism via miRNAs to reduce DROSHA
in our study, we selected miRNAs predicted to be negative regulators of DROSHA using
the DIANA-TarBase database. Furthermore, we linked these miRNAs to disease (Table 1).
The miRNAs miR-128-3p, miR-27a-3p, miR-27b-3p, miR-181a-5p, miR-181b-5p, miR-452-
3p, miR-216a-5p, miR-216b-5p, and miR-93-5p are targets for future functional studies as
they are related in endometriosis to diagnostic biomarkers [42], autophagy [43], and the
regulation of inflammation, vascularization, and angiogenesis of the endometrium during
the menstrual cycle and decidualization [44]; fibrosis modulation [45]; enhancement of
cell proliferation, migration, and invasion [46]; expression influenced by E2 and BPA [44];
regulation of human endometrial stromal cell decidualization [55]; expression regulated
by the menstrual cycle [42]; stromal cell invasion and migration [48]; expression exclu-
sively in ectopic stromal cells [48]; and sustained cell proliferation, cellular adhesion, and
apoptosis [52].

The strength of our study is that we used stringent inclusion criteria to define the
biological groups as homogeneously as possible. Nevertheless, our small sample size
did not allow the detection of significant differences in the expression of DGCRS, XPO5,
DICER, AGO1, AGO 2, and AGO4. In addition, we applied the gold standard technique
for gene expression quantification, RT-qPCR [71]. Despite these advantages, the main
limitation of this study is that our experimental design did not allow us to prove the impact
of dysregulation of miRNA biosynthesis in MenSCs, requiring future studies to evaluate
the global expression of miRNAs in these cells. Another area for improvement is analysis
after cell culture, which can mask the cellular environment and its molecular regulation,
making it difficult to surpass the same results for in vivo systems [37,67]. However, in vitro
studies are still the best choice for research in this field.

4. Materials and Methods
4.1. Ethics Statement, Settings, and Duration

This case-control study was performed from November 2019 to December 2020 under
the approval of the Research Ethics Committee of the University Hospital of the Ribeirao
Preto Medical School (HCRP 3644/2019). The MenSCs used in this study were collected
from November 2014 to December 2016 (HCRP 15227/2012), following the ethics guidelines
established by the Declaration of Helsinki. They were transferred to a biorepository (HCRP
3644/2019) in the Human Reproduction Sector of the Department of Gynecology and
Obstetrics of the Ribeirao Preto Medical School. All participants involved in the study
signed an informed consent form.

The women were recruited from the Assisted Reproduction Program of the University
Hospital of the Ribeirao Preto Medical School and the Reference Center for Women's
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Health in Ribeirao Preto (MATER). The in vitro model was established from November
2014 to December 2016 in partnership with the Regional Blood Center Medical School of the
Hemotherapy Center of Ribeirao Preto, University of Sao Paulo. RT-qPCR was performed
at the Multiuser Molecular Biology Laboratory of the Department of Gynecology and
Obstetrics of Ribeirao Preto Medical School of the University of Sao Paulo.

4.2. Participants and Eligibility Criteria

The recruited women were aged 18—40 y old, with eumenorrheic menstrual cycles
(intervals from 24 to 32 d + 3 d; 2 to 7 d of duration), without hormone therapy for at
least three months before the collection, and no uterine disorder, systemic disease, tumor,
endocrinopathy, or cardiovascular or rheumatological diseases. In the case (endometriosis)
group, ten women with a histological and laparoscopic diagnosis of endometriosis were
classified as III or IV according to the criteria defined by [72]. We selected patients who
had undergone surgical treatment for an average of 6 y (SD + 3.7) before collection. Stem
cells have a tropism for endometriotic lesions [73]. Thus, we selected patients who had
presented diagnostic imaging findings suggestive of endometrioma at the time of collection
as evidence of active disease in the pelvic cavity. For the control group, 10 fertile patients
(with children and no history of recurrent abortion) were selected. These patients had no
clinical symptoms of endometriosis or endometriotic lesions, as evidenced via laparoscopy
during tubal ligation, which occurred for up to one year before collection.

4.3. Sample Collection, Isolation of MenSCs through 2D Cultivation, and Characterization of Cells
Stored in the Biorepository

Menstrual blood was collected using a silicone menstrual cup (InCiclo, Sao Paulo,
Brazil) previously sterilized with gamma radiation and inserted into the vagina for 3 h dur-
ing the second, third, or fourth day of the menstrual cycle. Menstrual blood samples were
transferred to a solution containing 1X phosphate-buffered saline (PBS) (#10010023; Thermo
Fisher Scientific, Waltham, MA, USA), 10X antibiotic—antimycotic solution (#15240-062;
Gibco, Grand Island, NY, USA), and 10% acid citrate dextrose solution (JP Farma, Sao Paulo,
Brazil). The samples were stored at 4 °C for up to 4 h.

Human MSCs from menstrual blood were obtained according to the protocol previ-
ously reported by the authors of [8]. The mononuclear cell layer was isolated via density
gradient centrifugation at 800 x g for 30 min at 22 °C using Ficoll-Hypaque (#71-7167-00AG;
GE Healthcare Bio-Sciences, Uppsala, Sweden). The cell interface was transferred to a
new tube and washed twice with a mixture of 1X PBS, 3X antibiotic—antimycotic solution,
and 10% acid citrate-dextrose solution, followed by centrifugation at 450x g for 10 min at
22 °C. After washing, the cells were cultured in c-minimum essential medium (x-MEM)
(#11900-016, 5) supplemented with 15% fetal bovine serum (#SH30071.03, -HyClone; GE
Healthcare Life Sciences, Logan, UT, USA), 1% penicillin/streptomycin (#15140-122; Gibco),
10 mM HEPES (#H4034; Merck Millipore, Billerica, MA, USA), and 20 mM sodium bicar-
bonate (#56297; Merck) at 37 °C with 5% CO, and 85% humidity. The culture medium was
changed every 2-3 d until the adherent cells reached 80-90% confluence. The cells were
sub-cultured using 0.05% trypsin-EDTA solution (#25300054; Gibco) until passage 3 (P3)
for cell characterization analysis (early culture).

MenSCs fulfill the minimum criteria for multipotent MSCs as defined by the In-
ternational Society for Cell Therapy (ISCT) [38]. The cells were immunophenotypically
characterized by a panel of 23 markers using a FACSCalibur flow cytometer (BD Biosciences,
San Jose, CA, USA) and CellQuest software (version 4.0; BD Biosciences, USA). Following
the characterization protocols suggested by the ISCT, MenSCs were differentiated into
adipocytes and osteocytes following the protocols and means of inducing differentiation
described by the authors of [39]. The results for this characterization and the information
on the markers used have been described previously by the authors of [28] (pp. 736 table 2,
figures S1 and S2). The cells were expanded until P3 for molecular biology protocols.
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4.4. Isolation, Integrity, and Quantification of Total RNA and cDNA Synthesis

According to the manufacturer’s instructions, the total RNA was extracted using
the Allprep DNA/RNA/miRNA Universal Kit (#80224; Qiagen, Valencia, CA, USA).
After treatment of the samples with the Ambion DNA-free Kit DNase Treatment and
Removal (#AM1906; Invitrogen, Carlsbad, CA, USA) to remove the DNA contaminants, the
integrity of the total RNA was evaluated using the 2100 Bioanalyzer equipment (Agilent
Technologies, Palo Alto, CA, USA) and the Agilent RNA 6000 Nano Kit (#5067-1511;
Agilent). Only samples with an RNA Integrity Number (RIN) greater than eight were
included in the study. The total RNA concentrations were determined using fluorimetry in a
Qubit 2.0 Fluorometer (Invitrogen) and the Qubit RNA BR Assay Kit (#Q10210; Invitrogen).
The cDNA was synthesized from 1000 ng of the total RNA using a High-Capacity RNA-
to-cDNA Kit (#4387406; Applied Biosystems, Foster City, CA, USA) according to the
manufacturer’s instructions. The final cDNA product was diluted 1:4 with nuclease-free
water and stored at —20 °C until qPCR was performed.

4.5. Expression Detected Using RT-gPCR

RT-gPCR was performed using the TagMan Gene Expression Assays (#4331182,
Thermo Fisher) using the hydrolysis probes DROSHA (Hs00203008_m1), DGCRS
(Hs00377897_m1), XPO5 (Hs00382453_m1), DICER (Hs00229023_m1), AGO1
(Hs00201864_m1), AGO2 (Hs01085579_m1l), AGO3 (Hs01087121_m1l), and AGO4
(Hs00214142_m1) as targets, and CASC3 (Hs00201226_m1), EIF2B1 (Hs00426752_m1), and
POP4 (Hs00198357_m1) as reference genes. These reference genes were chosen because of
their stability in MenSCs [37]. The reactions were performed for each sample in triplicate
under the following conditions: 5 uL of 2X TagMan Fast Advanced Master Mix (#4444557;
Applied Biosystems), 0.5 uL of 20X TagMan Gene Expression Assay (#4331182; Thermo
Fisher), and 4.5 uL. of cDNA diluted 1:4 in a final volume of 10 uL reaction. The PCR
conditions were 95 °C for 20 s, followed by 40 cycles of 95 °C for 3 s, and 60 °C for 30 s
using the ABI Prisma 7500FAST equipment (Applied Biosystems). We considered the
technical replicates acceptable with the maximum difference between the Cq values (cycle
quantification) for up to 0.3 cycles. Thermo Fisher Scientific guarantees that the amplifi-
cation efficiencies of the assays used are close to 100% and states that it is unnecessary
to measure the efficiency of the normalization calculations (see application note https://
assets.thermofisher.com/TFS-Assets/LSG/ Application-Notes/cms_040377.pdf, accessed
on 20 January 2023).

The relative quantification (RQ) of gene expression was calculated for each sample
according to the 2-AACT method [74] using the Thermo Fisher Connect Platform (version
4.3; Thermo Fisher, UK) available online (http://www.thermofisher.com/br/en/home/
digital-science/thermo-fisher-connect.html, accessed on 20 January 2023). A cDNA pool
from all control samples was used as the reference sample in the normalization calculation.

4.6. Statistical Analysis

Analyses were performed using SAS Statistical Software (version 9.4; SAS Institute,
Inc., Cary, NC, USA). Initially, tests for homogeneity of variances and frequency distribution
of residues were performed using histograms and tests in PROC UNIVARIATE (SAS Inc.,
Cary, NC, USA). Logarithmic transformation of the RQ data was unnecessary, as linearity
assumptions were met. The t-test for independent samples was applied according to
General Linear Model procedures to compare the mean values of RQ (2~ 22Ct) between the
control and the endometriosis groups. The average RQ values were used to calculate the
fold-change in gene expression in the control group regarding the case group. Significance
parameters were « = 0.05, and the power of the test (1-3) was at least 0.8.

4.7. In Silico Analysis for Predicting miRNA Targets

We searched for miRNAs predicted to be regulators of DEGs using DIANA-TarBase
v8 (http:/ /www.microrna.gr/tarbase, accessed on 28 December 2022), a reference database
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dedicated to indexing experimentally supported miRNA targets [75]. Based on the differen-
tial expression results, we applied a filter (regulation type: down or up) to select miRNAs
with positive or negative target regulations.

5. Conclusions

For the first time, this study has described that endometriotic MenSCs have a two-fold
decrease in DROSHA transcripts. We also highlighted miRNAs miR-128-3p, miR-27a-
3p, miR-27b-3p, miR-181a-5p, miR-181b-5p, miR-452-3p, miR-216a-5p, miR-216b-5p, and
miR-93-5p as targets for future functional studies on DROSHA mechanisms in MenSCs.
Because DROSHA is part of the multiprocessor complex and is essential for the nuclear
processing of pri-miRNA maturation, our findings may justify the identification of different
profiles of miRNAs due to compromised DROSHA-dependent biogenesis in endometriosis.
Furthermore, our results are fundamental for identifying future research challenges and
opportunities and leveraging knowledge about mesenchymal stem cells as players in
endometriosis etiopathogenesis.

Supplementary Materials: The supporting information can be downloaded at: https://www.mdpi.
com/article/10.3390/ijms24065963/s1.

Author Contributions: Conceptualization, A.C.L.C. and ].M.; Methodology, A.C.L.C., L.B.C.P, C.C.P.
and M.D.O,; Software, A.C.L.C., O.B.P-N. and ].M.; Formal Analysis, A.C.L.C. and C.C.P.d.P; Investi-
gation, A.C.L.C. and L.B.C.P; Resources, ].C.R.-e.-S., R.A.F. and O.B.P-N.; Data Curation, A.C.L.C,,
L.B.C.P. and ].M.; Writing—Original Draft Preparation, A.C.L.C.; Writing—Review and Editing, All
authors; Supervision, ].M.; Project Administration, ] M.; Funding Acquisition, R.A.E, J.C.R.-e.-S. and
J.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Sao Paulo Research Foundation (FAPESP), grant number
FAPESP 13/22431-3 and scholarship grant number FAPESP 19/22021-6, and the National Institute of
Hormones and Women’s Health (Hormona)-CNPq (INCT-CNPq), grant number 465482 /2014-7).

Institutional Review Board Statement: The Research Ethics Committee of the University Hospital
of Ribeirao Preto Medical School approved this case-control study (HCRP 3644/2019). The MenSCs
used in this study were collected from November 2014 to December 2016 (HCRP 15227/2012),
following the ethical guidelines established by the Declaration of Helsinki. They were transferred
to the biorepository of the Human Reproduction Section at the Department of Gynecology and
Obstetrics of the Ribeirao Preto Medical School (HCRP 3644 /2019).

Informed Consent Statement: Informed consent was obtained from all the subjects involved in
the study.

Data Availability Statement: Raw RT-qPCR data are available upon request from the correspond-
ing author.

Acknowledgments: We are grateful to the women who voluntarily agreed to participate in this study.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Zondervan, K.T.; Becker, C.M.; Missmer, S.A. Endometriosis. N. Engl. ]. Med. 2020, 382, 1244-1256. [CrossRef] [PubMed]

2. Lagana, AS,; Garzon, S.; Gotte, M.; Vigano, P.; Franchi, M.; Ghezzi, F.; Martin, D.C. The Pathogenesis of Endometriosis: Molecular
and Cell Biology Insights. Int. J. Mol. Sci. 2019, 20, 5615. [CrossRef] [PubMed]

3. Sampson, J.A. Peritoneal Endometriosis Due to the Menstrual Dissemination of Endometrial Tissue into the Peritoneal Cavity.
Am. ]. Obstet. Gynecol. 1927, 14, 422-469. [CrossRef]

4. Klemmt, P.A.B.; Starzinski-Powitz, A. Molecular and Cellular Pathogenesis of Endometriosis. Curr. Womens Health Rev. 2018,

14, 106-116. [CrossRef]

5. Wang, Y.; Nicholes, K.; Shih, I.-M. The Origin and Pathogenesis of Endometriosis. Annu. Rev. Pathol. Mech. Dis. 2020, 15, 71-95.

[CrossRef]

6. Chan, RW.S,; Schwab, K.E.; Gargett, C.E. Clonogenicity of Human Endometrial Epithelial and Stromal Cells1. Biol. Reprod. 2004,

70, 1738-1750. [CrossRef]


https://www.mdpi.com/article/10.3390/ijms24065963/s1
https://www.mdpi.com/article/10.3390/ijms24065963/s1
http://doi.org/10.1056/NEJMra1810764
http://www.ncbi.nlm.nih.gov/pubmed/32212520
http://doi.org/10.3390/ijms20225615
http://www.ncbi.nlm.nih.gov/pubmed/31717614
http://doi.org/10.1016/S0002-9378(15)30003-X
http://doi.org/10.2174/1573404813666170306163448
http://doi.org/10.1146/annurev-pathmechdis-012419-032654
http://doi.org/10.1095/biolreprod.103.024109

Int. J. Mol. Sci. 2023, 24, 5963 11 0f 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Masuda, H.; Matsuzaki, Y.; Hiratsu, E.; Ono, M.; Nagashima, T.; Kajitani, T.; Arase, T.; Oda, H.; Uchida, H.; Asada, H.; et al. Stem
Cell-Like Properties of the Endometrial Side Population: Implication in Endometrial Regeneration. PLoS ONE 2010, 5, e10387.
[CrossRef]

Meng, X.; Ichim, T.E.; Zhong, ].; Rogers, A.; Yin, Z; Jackson, J.; Wang, H.; Ge, W.; Bogin, V.; Chan, K.W,; et al. Endometrial
Regenerative Cells: A Novel Stem Cell Population. J. Transl. Med. 2007, 5, 57. [CrossRef]

Chan, RW.S.; Ng, E.H.Y,; Yeung, W.S.B. Identification of Cells with Colony-Forming Activity, Self-Renewal Capacity, and
Multipotency in Ovarian Endometriosis. Am. J. Pathol. 2011, 178, 2832-2844. [CrossRef]

Gargett, C.E.; Schwab, K.E.; Deane, ]J.A. Endometrial Stem/Progenitor Cells: The First 10 Years. Hum. Reprod. Update 2016,
22,137-163. [CrossRef]

Bozorgmehr, M.; Gurung, S.; Darzi, S.; Nikoo, S.; Kazemnejad, S.; Zarnani, A.-H.; Gargett, C.E. Endometrial and Menstrual Blood
Mesenchymal Stem/Stromal Cells: Biological Properties and Clinical Application. Front. Cell Dev. Biol. 2020, 8, 497. [CrossRef]
[PubMed]

Liu, Y,; Zhang, Z.; Yang, F; Wang, H.; Liang, S.; Wang, H.; Yang, J.; Lin, J. The Role of Endometrial Stem Cells in the Pathogenesis
of Endometriosis and Their Application to Its Early Diagnosist. Biol. Reprod. 2020, 102, 1153-1159. [CrossRef] [PubMed]
Poli-Neto, O.B.; Meola, J.; Rosa-e-Silva, ].C. What the Transcriptome of the Eutopic Endometrium from Women with Endometriosis
Tells Us about the Disease Pathophysiology: A Brief Reflection. Rev. Bras. Ginecol. E Obstetricia 2020, 42, 593-596. [CrossRef]
[PubMed]

Poli-Neto, O.B.; Carlos, D.; Favaretto, A.; Rosa-E-Silva, J.C.; Meola, J.; Tiezzi, D. Eutopic Endometrium from Women with
Endometriosis and Chlamydial Endometritis Share Inmunological Cell Types and DNA Repair Imbalance: A Transcriptome
Meta-Analytical Perspective. J. Reprod. Immunol. 2021, 145, 103307. [CrossRef]

Hwang, J.-H.; Oh, ].-].; Wang, T.; Jin, Y.-C,; Lee, ].-S.; Choi, ].-R.; Lee, K.-S; Joo, ].-K.; Lee, H.-G. Identification of Biomarkers for
Endometriosis in Eutopic Endometrial Cells from Patients with Endometriosis Using a Proteomics Approach. Mol. Med. Rep.
2013, 8, 183-188. [CrossRef]

Warren, L.A.; Shih, A.; Renteira, S.M.; Seckin, T.; Blau, B.; Simpfendorfer, K.; Lee, A.; Metz, C.N.; Gregersen, PK. Analysis of
Menstrual Effluent: Diagnostic Potential for Endometriosis. Mol. Med. 2018, 24, 1. [CrossRef]

Penariol, L.B.C.; Thomé, C.H.; Tozetti, P.A.; Paier, C.R.K.; Buono, EO.; Peronni, K.C.; Orellana, M.D.; Covas, D.T.; Moraes, M.E.A.;
Silva, W.A.; et al. What Do the Transcriptome and Proteome of Menstrual Blood-Derived Mesenchymal Stem Cells Tell Us about
Endometriosis? Int. ]. Mol. Sci. 2022, 23, 11515. [CrossRef] [PubMed]

Shih, A.; Adelson, R.; Vashistha, H.; Khalili, H.; Nayyar, A.; Puran, R.; Herrera, R.; Chatterjee, P; Lee, A.; Truskinovsky, A.; et al.
Single Cell Analysis of Menstrual Endometrial Tissues Defines Phenotypes Associated with Endometriosi. BMIC Med. 2022, 20, 315.
[CrossRef]

Wren, ].D.; Wu, Y.; Guo, S.-W. A System-Wide Analysis of Differentially Expressed Genes in Ectopic and Eutopic Endometrium.
Hum. Reprod. 2007, 22, 2093-2102. [CrossRef]

Fassbender, A.; Simsa, P.; Kyama, C.M.; Waelkens, E.; Mihalyi, A.; Meuleman, C.; Gevaert, O.; Van de Plas, R.; de Moor, B,;
D’Hooghe, T.M. TRIzol Treatment of Secretory Phase Endometrium Allows Combined Proteomic and MRNA Microarray Analysis
of the Same Sample in Women with and without Endometriosis. Reprod. Biol. Endocrinol. 2010, 8, 123. [CrossRef]

Fassbender, A.; Verbeeck, N.; Bornigen, D.; Kyama, C.M.; Bokor, A.; Vodolazkaia, A.; Peeraer, K.; Tomassetti, C.; Meuleman, C.;
Gevaert, O.; et al. Combined MRNA Microarray and Proteomic Analysis of Eutopic Endometrium of Women with and without
Endometriosis. Hum. Reprod. 2012, 27, 2020-2029. [CrossRef]

Santamaria, X.; Taylor, H. MicroRNA and Gynecological Reproductive Diseases. Fertil. Steril. 2014, 101, 1545-1551. [CrossRef]
Ghafouri-Fard, S.; Shoorei, H.; Taheri, M. Role of Non-Coding RNAs in the Pathogenesis of Endometriosis. Front. Oncol. 2020,
10, 1370. [CrossRef] [PubMed]

Kolanska, K.; Bendifallah, S.; Canlorbe, G.; Mekinian, A.; Touboul, C.; Aractingi, S.; Chabbert-Buffet, N.; Darai, E. Role of
MiRNAs in Normal Endometrium and in Endometrial Disorders: Comprehensive Review. |. Clin. Med. 2021, 10, 3457. [CrossRef]
[PubMed]

Liu, X.-J.; Bai, X.-G.; Teng, Y.-L.; Song, L.; Lu, N.; Yang, R.-Q. MiRNA-15a-5p Regulates VEGFA in Endometrial Mesenchymal
Stem Cells and Contributes to the Pathogenesis of Endometriosis. Eur. Rev. Med. Pharmacol. Sci. 2016, 20, 3319-3326. [PubMed]
Ma, L,; Li, Z.; Li, W,; Ai, J.; Chen, X. MicroRNA-142-3p Suppresses Endometriosis by Regulating KLF9-Mediated Autophagy in
Vitro and in Vivo. RNA Biol. 2019, 16, 1733-1748. [CrossRef]

Mashayekhi, P.; Noruzinia, M.; Khodaverdi, S. Deregulation of Stemness-Related Genes in Endometriotic Mesenchymal Stem
Cells: Further Evidence for Self-Renewal / Differentiation Imbalance. Iran. Biomed. J. 2020, 24, 328-334. [CrossRef] [PubMed]

de Oliveira, R.Z.; de Oliveira Buono, F.; Cressoni, A.C.L.; Penariol, L.B.C.; Padovan, C.C.; Tozetti, P.A.; Poli-Neto, O.B.; Ferriani,
R.A;; Orellana, M.D.; Rosa-e-Silva, J.C.; et al. Overexpression of MiR-200b-3p in Menstrual Blood-Derived Mesenchymal Stem
Cells from Endometriosis Women. Reprod. Sci. 2022, 29, 734-742. [CrossRef] [PubMed]

Qi, J.; Yu, J.-Y.; Shcherbata, H.R.; Mathieu, J.; Wang, A.].; Seal, S.; Zhou, W.; Stadler, B.M.; Bourgin, D.; Wang, L.; et al. MicroRNAs
Regulate Human Embryonic Stem Cell Division. Cell Cycle 2009, 8, 3729-3741. [CrossRef]

Martin, E.C.; Qureshi, A.T.; Llamas, C.B.; Burow, M.E,; King, A.G.; Lee, O.C.; Dasa, V.; Freitas, M.A.; Forsberg, J.A,;
Elster, E.A; et al. Mirna Biogenesis Pathway Is Differentially Regulated during Adipose Derived Stromal/Stem Cell Differentia-
tion. Adipocyte 2018, 7, 96-105. [CrossRef]


http://doi.org/10.1371/journal.pone.0010387
http://doi.org/10.1186/1479-5876-5-57
http://doi.org/10.1016/j.ajpath.2011.02.025
http://doi.org/10.1093/humupd/dmv051
http://doi.org/10.3389/fcell.2020.00497
http://www.ncbi.nlm.nih.gov/pubmed/32742977
http://doi.org/10.1093/biolre/ioaa011
http://www.ncbi.nlm.nih.gov/pubmed/31965165
http://doi.org/10.1055/s-0040-1713807
http://www.ncbi.nlm.nih.gov/pubmed/33129215
http://doi.org/10.1016/j.jri.2021.103307
http://doi.org/10.3892/mmr.2013.1469
http://doi.org/10.1186/s10020-018-0009-6
http://doi.org/10.3390/ijms231911515
http://www.ncbi.nlm.nih.gov/pubmed/36232817
http://doi.org/10.1186/s12916-022-02500-3
http://doi.org/10.1093/humrep/dem129
http://doi.org/10.1186/1477-7827-8-123
http://doi.org/10.1093/humrep/des127
http://doi.org/10.1016/j.fertnstert.2014.04.044
http://doi.org/10.3389/fonc.2020.01370
http://www.ncbi.nlm.nih.gov/pubmed/32850438
http://doi.org/10.3390/jcm10163457
http://www.ncbi.nlm.nih.gov/pubmed/34441754
http://www.ncbi.nlm.nih.gov/pubmed/27608888
http://doi.org/10.1080/15476286.2019.1657352
http://doi.org/10.29252/ibj.24.5.328
http://www.ncbi.nlm.nih.gov/pubmed/32429647
http://doi.org/10.1007/s43032-022-00860-y
http://www.ncbi.nlm.nih.gov/pubmed/35075610
http://doi.org/10.4161/cc.8.22.10033
http://doi.org/10.1080/21623945.2018.1423911

Int. J. Mol. Sci. 2023, 24, 5963 12 of 13

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Yang, C.; Luo, M.; Chen, Y.; You, M.; Chen, Q. MicroRNAs as Important Regulators Mediate the Multiple Differentiation of
Mesenchymal Stromal Cells. Front. Cell Dev. Biol. 2021, 9, 619842. [CrossRef]

O’Brien, J.; Hayder, H.; Zayed, Y.; Peng, C. Overview of MicroRNA Biogenesis, Mechanisms of Actions, and Circulation. Front.
Endocrinol. 2018, 9, 402. [CrossRef] [PubMed]

Ha, M.; Kim, V.N. Regulation of MicroRNA Biogenesis. Nat. Rev. Mol. Cell Biol. 2014, 15, 509-524. [CrossRef] [PubMed]

Pong, S.K.; Gullerova, M. Noncanonical Functions of Micro RNA Pathway Enzymes—Drosha, DGCR 8, Dicer and Ago Proteins.
FEBS Lett. 2018, 592, 2973-2986. [CrossRef] [PubMed]

Wilson, R.C.; Doudna, J.A. Molecular Mechanisms of RNA Interference. Annu. Rev. Biophys. 2013, 42, 217-239. [CrossRef]
[PubMed]

Lin, S.; Gregory, R.I. MicroRNA Biogenesis Pathways in Cancer. Nat. Rev. Cancer 2015, 15, 321-333. [CrossRef]

Zucherato, V.S.; Penariol, L.B.C,; Silva, L.E.C.M.; Padovan, C.C.; Poli-Neto, O.B.; Rosa-e-Silva, ].C.; Ferriani, R.A.; Meola, J.
Identification of Suitable Reference Genes for Mesenchymal Stem Cells from Menstrual Blood of Women with Endometriosis. Sci.
Rep. 2021, 11, 5422. [CrossRef]

Dominici, M.; Blanc, K.L.; Mueller, L.; Slaper-Cortenbach, I.; Marini, F.C.; Krause, D.S.; Deans, R.J.; Keating, A.; Prockop, D.J.;
Horwitz, E.M. Minimal Criteria for Defining Multipotent Mesenchymal Stromal Cells. The International Society for Cellular
Therapy Position Statement. Cytotherapy 2006, 8, 315-317. [CrossRef]

Musina, R.A.; Belyavski, A.V.; Tarusova, O.V.; Solovyova, E.V,; Sukhikh, G.T. Endometrial Mesenchymal Stem Cells Isolated from
the Menstrual Blood. Bull. Exp. Biol. Med. 2008, 145, 539-543. [CrossRef]

Du, X;; Yuan, Q.; Qu, Y;; Zhou, Y.; Bei, ]. Endometrial Mesenchymal Stem Cells Isolated from Menstrual Blood by Adherence.
Stem Cells Int. 2016, 2016, 3573846. [CrossRef]

Padhi, B.K,; Singh, M.; Rosales, M.; Pelletier, G.; Cakmak, S. A PCR-Based Quantitative Assay for the Evaluation of MRNA
Integrity in Rat Samples. Biomol. Detect. Quantif. 2018, 15, 18-23. [CrossRef] [PubMed]

Zhuo, Z.; Wang, C.; Yu, H. Plasma MicroRNAs Can Be a Potential Diagnostic Biomarker for Endometriosis. Ginekol. Pol. 2022,
93, 450-459. [CrossRef]

Khalaj, K.; Miller, ].E.; Lingegowda, H.; Fazleabas, A.T.; Young, S.L.; Lessey, B.A.; Koti, M.; Tayade, C. Extracellular Vesicles
from Endometriosis Patients Are Characterized by a Unique MiRNA-LncRNA Signature. JCI Insight 2019, 4, e128846. [CrossRef]
[PubMed]

Reed, B.G.; Babayev, S.N.; Chen, L.X.; Carr, B.R,; Word, R.A.; Jimenez, P.T. Estrogen-Regulated MiRNA-27b Is Altered by
Bisphenol A in Human Endometrial Stromal Cells. Reproduction 2018, 156, 559-567. [CrossRef]

Kim, M.K; Lee, S.K; Park, ].H.; Lee, ] H.; Yun, B.H.; Park, J.H.; Seo, S.K.; Cho, S.; Choi, Y.S. Ginsenoside Rg3 Decreases Fibrotic
and Invasive Nature of Endometriosis by Modulating MiRNA-27b: In Vitro and In Vivo Studies. Sci. Rep. 2017, 7, 17670.
[CrossRef] [PubMed]

Li, L.; Guo, X;; Liu, J.; Chen, B.; Gao, Z.; Wang, Q. The Role of MiR-27b-3p/HOXA10 Axis in the Pathogenesis of Endometriosis.
Ann. Palliat. Med. 2021, 10, 3162-3170. [CrossRef]

Park, J.H.; Lee, SK,; Kim, M.K;; Lee, ]. H.; Yun, B.H,; Park, ].H.; Seo, S.K.; Cho, S.; Choi, Y.S. Saponin Extracts Induced Apoptosis
of Endometrial Cells From Women With Endometriosis Through Modulation of MiR-21-5p. Reprod. Sci. 2018, 25, 292-301.
[CrossRef]

Rekker, K.; Tasa, T.; Saare, M.; Samuel, K.; Kadastik, U.; Karro, H.; Gotte, M.; Salumets, A.; Peters, M. Differentially-Expressed
MiRNAs in Ectopic Stromal Cells Contribute to Endometriosis Development: The Plausible Role of MiR-139-5p and MiR-375. Int.
J. Mol. Sci. 2018, 19, 3789. [CrossRef]

Xu, Z.; Zhang, L.; Yu, Q.; Zhang, Y.; Yan, L.; Chen, Z.-]. The Estrogen-Regulated LncRNA H19/MiR-216a-5p Axis Alters Stromal
Cell Invasion and Migration via ACTA2 in Endometriosis. Mol. Hum. Reprod. 2019, 25, 550-561. [CrossRef]

Liu, Y;; Fan, L.; Jin, L.; Lu, C,; Li, T.; Zhang, Z.; Xie, C.; Li, S.; Zhang, Y.; Ren, J.; et al. Integrated Bioinformatic Analysis
of Dysregulated MicroRNA-MRNA Co-Expression Network in Ovarian Endometriosis. Acta Obstet. Gynecol. Scand. 2022,
101, 1074-1084. [CrossRef]

Braicu, O.-L.; Budisan, L.; Buiga, R.; Jurj, A.; Achimas-Cadariu, P.; Pop, L.; Braicu, C.; Irimie, A.; Berindan-Neagoe, I. MiRNA
Expression Profiling in Formalin-Fixed Paraffin-Embedded Endometriosis and Ovarian Cancer Samples. OncoTargets Ther. 2017,
10, 4225-4238. [CrossRef]

Antonio, L.G.L.; Meola, J.; Rosa-e-Silva, A.C.].S.; Nogueira, A.A.; Candido dos Reis, F]J.; Poli-Neto, O.B.; Rosa-e-Silva, J.C. Altered
Differential Expression of Genes and microRNAs Related to Adhesion and Apoptosis Pathwayas in Patients with Different
Phenotypes of Endometriosis. Int. J. Mol. Sci. 2023, 24, 4434. [CrossRef]

Abdel-Rasheed, M.; Nour Eldeen, G.; Mahmoud, M.; EIHefnawi, M.; Abu-Shahba, N.; Reda, M.; Elsetohy, K.; Nabil, M.; Elnoury,
A.; Taha, T,; et al. MicroRNA Expression Analysis in Endometriotic Serum Treated Mesenchymal Stem Cells. EXCLI . 2017,
16, 852-867. [CrossRef] [PubMed]

Filigheddu, N.; Gregnanin, I.; Porporato, P.E.; Surico, D.; Perego, B.; Galli, L.; Patrignani, C.; Graziani, A.; Surico, N. Differential
Expression of MicroRNAs between Eutopic and Ectopic Endometrium in Ovarian Endometriosis. J. Biomed. Biotechnol. 2010,
2010, 369549. [CrossRef] [PubMed]

Zhang, M.; Ren, C.; Xiao, Y.; Xia, X.; Fang, X. Expression Profile Analysis of Circular RNAs in Ovarian Endometriosis by
Microarray and Bioinformatics. Med. Sci. Monit. 2018, 24, 9240-9250. [CrossRef]


http://doi.org/10.3389/fcell.2021.619842
http://doi.org/10.3389/fendo.2018.00402
http://www.ncbi.nlm.nih.gov/pubmed/30123182
http://doi.org/10.1038/nrm3838
http://www.ncbi.nlm.nih.gov/pubmed/25027649
http://doi.org/10.1002/1873-3468.13196
http://www.ncbi.nlm.nih.gov/pubmed/30025156
http://doi.org/10.1146/annurev-biophys-083012-130404
http://www.ncbi.nlm.nih.gov/pubmed/23654304
http://doi.org/10.1038/nrc3932
http://doi.org/10.1038/s41598-021-84884-5
http://doi.org/10.1080/14653240600855905
http://doi.org/10.1007/s10517-008-0136-0
http://doi.org/10.1155/2016/3573846
http://doi.org/10.1016/j.bdq.2018.02.001
http://www.ncbi.nlm.nih.gov/pubmed/29922590
http://doi.org/10.5603/GP.a2021.0127
http://doi.org/10.1172/jci.insight.128846
http://www.ncbi.nlm.nih.gov/pubmed/31534048
http://doi.org/10.1530/REP-18-0041
http://doi.org/10.1038/s41598-017-17956-0
http://www.ncbi.nlm.nih.gov/pubmed/29247225
http://doi.org/10.21037/apm-21-343
http://doi.org/10.1177/1933719117711263
http://doi.org/10.3390/ijms19123789
http://doi.org/10.1093/molehr/gaz040
http://doi.org/10.1111/aogs.14430
http://doi.org/10.2147/OTT.S137107
http://doi.org/10.3390/ijms24054434
http://doi.org/10.17179/excli2017-101
http://www.ncbi.nlm.nih.gov/pubmed/28828000
http://doi.org/10.1155/2010/369549
http://www.ncbi.nlm.nih.gov/pubmed/20300586
http://doi.org/10.12659/MSM.913885

Int. J. Mol. Sci. 2023, 24, 5963 13 of 13

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

71.

72.

73.

74.

75.

Abe, W,; Nasu, K.; Nakada, C.; Kawano, Y.; Moriyama, M.; Narahara, H. MiR-196b Targets c-Myc and Bcl-2 Expression, Inhibits
Proliferation and Induces Apoptosis in Endometriotic Stromal Cells. Hum. Reprod. 2013, 28, 750-761. [CrossRef]

Hatfield, S.D.; Shcherbata, H.R.; Fischer, K.A.; Nakahara, K.; Carthew, R.W.; Ruohola-Baker, H. Stem Cell Division Is Regulated
by the MicroRNA Pathway. Nature 2005, 435, 974-978. [CrossRef] [PubMed]

Kumar, M.S,; Lu, J.; Mercer, K.L.; Golub, T.R.; Jacks, T. Impaired MicroRNA Processing Enhances Cellular Transformation and
Tumorigenesis. Nat. Genet. 2007, 39, 673—677. [CrossRef]

Santamaria, C.; Muntién, S.; Rosén, B.; Blanco, B.; Lépez-Villar, O.; Carrancio, S.; Sanchez-Guijo, EM.; Diez-Campelo, M.;
Alvarez-Fernandez, S.; Sarasquete, M.E.; et al. Impaired Expression of DICER, DROSHA, SBDS and Some MicroRNAs in
Mesenchymal Stromal Cells from Myelodysplastic Syndrome Patients. Haematologica 2012, 97, 1218-1224. [CrossRef]
Ormenezi, I.; Ribeiro-Silva, A.; Rosa-e-Silva, J.C.; Meola, J.; Candido-dos-Reis, EJ.; Poli-Neto, O.B. Immunohistochemical
Expression of Drosha Is Reduced in Eutopic and Ectopic Endometrium of Women with Adenomyosis. Braz. |. Med. Biol. Res.
2022, 55. [CrossRef]

Oskowitz, A.Z.; Penfornis, P.; Tucker, A.; Prockop, D.J.; Pochampally, R. Drosha Regulates HMSCs Cell Cycle Progression through
a MiRNA Independent Mechanism. Int. J. Biochem. Cell Biol. 2011, 43, 1563-1572. [CrossRef]

Herrera-Carrillo, E.; Berkhout, B. Dicer-Independent Processing of Small RNA Duplexes: Mechanistic Insights and Applications.
Nucleic Acids Res. 2017, 45, 10369-10379. [CrossRef]

Nothnick, W.B.; Swan, K; Flyckt, R.; Falcone, T.; Graham, A. Human Endometriotic Lesion Expression of the MiR-144-3p /MiR-
451a Cluster, Its Correlation with Markers of Cell Survival and Origin of Lesion Content. Sci. Rep. 2019, 9, 8823. [CrossRef]
[PubMed]

Nothnick, W.B. MicroRNAs and Progesterone Receptor Signaling in Endometriosis Pathophysiology. Cells 2022, 11, 1096.
[CrossRef] [PubMed]

Nothnick, W.B.; Healy, C.; Hong, X. Steroidal Regulation of Uterine MiRNAs Is Associated with Modulation of the MiRNA
Biogenesis Components Exportin-5 and Dicerl. Endocrine 2010, 37, 265-273. [CrossRef] [PubMed]

Beezhold, K.J.; Castranova, V.; Chen, FE. Microprocessor of MicroRNAs: Regulation and Potential for Therapeutic Intervention.
Mol. Cancer 2010, 9, 134. [CrossRef]

Marquardt, R-M.; Kim, T.H.; Shin, J.-H.; Jeong, J.-W. Progesterone and Estrogen Signaling in the Endometrium: What Goes Wrong
in Endometriosis? Int. J. Mol. Sci. 2019, 20, 3822. [CrossRef]

Sonkoly, E.; Pivarcsi, A. MicroRNAs in Inflammation. Int. Rev. Immunol. 2009, 28, 535-561. [CrossRef]

Chong, M.M.W.; Rasmussen, ].P.; Rudensky, A.Y.; Rundensky, A.Y.; Littman, D.R. The RNAselll Enzyme Drosha Is Critical in T
Cells for Preventing Lethal Inflammatory Disease. . Exp. Med. 2008, 205, 2005-2017. [CrossRef]

Azari, Z.D.; Aljubran, F.; Nothnick, W.B. Inflammatory MicroRNAs and the Pathophysiology of Endometriosis and Atheroscle-
rosis: Common Pathways and Future Directions Towards Elucidating the Relationship. Reprod. Sci. 2022, 29, 2089-2104.
[CrossRef]

Bustin, S.A.; Benes, V.; Garson, J.A.; Hellemans, J.; Huggett, ].; Kubista, M.; Mueller, R.; Nolan, T.; Pfaffl, M.W.; Shipley, G.L.; et al.
The MIQE Guidelines: Minimum Information for Publication of Quantitative Real-Time PCR Experiments. Clin. Chem. 2009,
55, 611-622. [CrossRef]

Revised American Society for Reproductive Medicine Classification of Endometriosis: 1996. Fertil. Steril. 1997, 67, 817-821.
[CrossRef] [PubMed]

Cheng, Y.; Li, L.; Wang, D.; Guo, Q.; He, Y; Liang, T.; Sun, L.; Wang, X.; Cheng, Y.; Zhang, G. Characteristics of Human
Endometrium-Derived Mesenchymal Stem Cells and Their Tropism to Endometriosis. Stem Cells Int. 2017, 2017, e4794827.
[CrossRef] [PubMed]

Livak, K.J.; Schmittgen, T.D. Analysis of Relative Gene Expression Data Using Real-Time Quantitative PCR and the 2(-Delta Delta
C(T)) Method. Methods 2001, 25, 402-408. [CrossRef] [PubMed]

Karagkouni, D.; Paraskevopoulou, M.D.; Chatzopoulos, S.; Vlachos, I.S.; Tastsoglou, S.; Kanellos, I.; Papadimitriou, D.; Kavakiotis,
I.; Maniou, S.; Skoufos, G.; et al. DIANA-TarBase v8: A Decade-Long Collection of Experimentally Supported MiRNA-Gene
Interactions. Nucleic Acids Res. 2018, 46, D239-D245. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1093/humrep/des446
http://doi.org/10.1038/nature03816
http://www.ncbi.nlm.nih.gov/pubmed/15944714
http://doi.org/10.1038/ng2003
http://doi.org/10.3324/haematol.2011.054437
http://doi.org/10.1590/1414-431x2022e12375
http://doi.org/10.1016/j.biocel.2011.07.005
http://doi.org/10.1093/nar/gkx779
http://doi.org/10.1038/s41598-019-45243-7
http://www.ncbi.nlm.nih.gov/pubmed/31217548
http://doi.org/10.3390/cells11071096
http://www.ncbi.nlm.nih.gov/pubmed/35406659
http://doi.org/10.1007/s12020-009-9293-9
http://www.ncbi.nlm.nih.gov/pubmed/20852728
http://doi.org/10.1186/1476-4598-9-134
http://doi.org/10.3390/ijms20153822
http://doi.org/10.3109/08830180903208303
http://doi.org/10.1084/jem.20081219
http://doi.org/10.1007/s43032-022-00955-6
http://doi.org/10.1373/clinchem.2008.112797
http://doi.org/10.1016/S0015-0282(97)81391-X
http://www.ncbi.nlm.nih.gov/pubmed/9130884
http://doi.org/10.1155/2017/4794827
http://www.ncbi.nlm.nih.gov/pubmed/28761446
http://doi.org/10.1006/meth.2001.1262
http://www.ncbi.nlm.nih.gov/pubmed/11846609
http://doi.org/10.1093/nar/gkx1141
http://www.ncbi.nlm.nih.gov/pubmed/29156006

	Introduction 
	Results 
	Expression Profiles of DROSHA, DGCR8, XPO5, DICER, and AGO1 to AGO4 
	In Silico Data of miRNA-Downregulated DROSHA 

	Discussion 
	Materials and Methods 
	Ethics Statement, Settings, and Duration 
	Participants and Eligibility Criteria 
	Sample Collection, Isolation of MenSCs through 2D Cultivation, and Characterization of Cells Stored in the Biorepository 
	Isolation, Integrity, and Quantification of Total RNA and cDNA Synthesis 
	Expression Detected Using RT-qPCR 
	Statistical Analysis 
	In Silico Analysis for Predicting miRNA Targets 

	Conclusions 
	References

