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Abstract: The clinical application of exosomal microRNAs as diagnostic biomarkers
presents a promising approach for identifying potential markers of endometriosis. We
conducted a systematic review of case—control studies to investigate exosomal microRNAs
as epigenetic biomarkers potentially involved in the pathogenesis of endometriosis. A com-
prehensive literature search was performed across PubMed, Embase, Web of Science, and
Scopus databases, yielding 702 studies, with 12 meeting the inclusion criteria after screen-
ing and full-text review. These studies included 191 women with confirmed endometriosis
and 169 healthy controls. Quality assessment using the Newcastle-Ottawa Scale indicated
a moderate quality across studies, with a common score of 5/9. In total, 668 exosomal
microRNAs were found to be significantly differentially expressed between endometriosis
patients and controls. In serum samples, 119 exosomal microRNAs were differentially
expressed, with miR-22-3p, miR-320a, miR-320b, and miR-1273g-3p reported in more than
one study. In endometrial tissue samples, miR-200c-3p and miR-425-5p were identified in
more than one study, with miR-200c-3p consistently upregulated. Bioinformatic analysis
indicated that these exosomal microRNAs are involved in key signaling pathways such
as PI3K/Akt, MAPK, and TGF-§3, which are associated with cell proliferation, migration,
and inflammation. Despite these promising findings, variability in exosomal microRNA
expression patterns across studies underscores the need for standardized methods and val-
idation in large-scale, ethnically diverse cohorts. Future research should focus on rigorous
validation studies to establish clinically relevant exosomal microRNAs for early diagnosis
and improved patient outcomes.
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1. Introduction

Endometriosis, defined by the growth of endometrial glands and stroma outside the
uterine cavity, affects approximately 2-10% of women of reproductive age worldwide,
totaling around 190 million women [1,2]. Early diagnosis of endometriosis remains chal-
lenging due to non-specific symptoms, including dysmenorrhea, dyspareunia, chronic
pelvic pain, and infertility, compounded by the intra-abdominal location of endometri-
otic lesions, which often leads to diagnostic delays [3—6]. Although ultrasonography
offers high sensitivity for detecting endometriotic cysts, its usefulness is limited in early-
stage disease and requires histopathologic confirmation through invasive laparoscopic
surgery [7,8]. Currently, no “gold standard” exists for the early diagnosis of endometrio-
sis, highlighting the need for reliable, noninvasive biomarkers. Epigenetic biomarkers
may enable earlier diagnosis and reduce the necessity for surgical intervention. Although
several potential biomarkers have been explored, their sensitivity and specificity remain
inadequate [9].

Evidence increasingly suggests a link between epigenetic factors and the pathogen-
esis of endometriosis [10]. Certain genetic loci reside in intergenic or intronic regions
that, while non-coding, may still influence gene expression [11,12]. Exosomes have re-
cently been shown to play a role in the pathophysiology of numerous diseases, including
gynecological conditions [13]. These are small, membrane-bound vesicles (30-150 nm
in diameter) secreted by various cell types. Exosomes contain a lipid bilayer that en-
capsulates functional molecules, including microRNAs (miRNAs), which participate in
intercellular communication by influencing gene expression in target cells [14-17]. miRNAs
regulate gene expression at the post-transcriptional level by binding to complementary
messenger RNAs (mRNAs), leading to the repression of translation or degradation of
target mRNAs [18]. They impact cellular processes such as apoptosis, differentiation, and
proliferation and are implicated in various diseases, including disorders affecting female
reproductive function [19-21]. However, the role of exosomal miRNAs in endometriosis
remains underexplored and is not yet well understood.

A recent systematic review involving 1527 women with endometriosis reported sig-
nificant dysregulation of several circulating miRNAs in serum and plasma, including
miR-17-5p, miR-451a, let-7b-5p, miR-20a-5p, miR-143-3p, miR-199a-5p, and miR-3613-
5p [22]. However, circulating miRNAs in the bloodstream are vulnerable to degradation
by endogenous RNases. In contrast, exosomal miRNAs are stable in the blood and gen-
erally resistant to ribonuclease activity, making them promising candidates for disease
biomarkers [17]. We hypothesized that exosomal miRNAs could serve as robust pheno-
typic signatures for the noninvasive diagnosis of endometriosis. Therefore, this study
aimed to evaluate exosomal miRNAs as potential epigenetic biomarkers involved in the
pathogenesis of endometriosis.

2. Results
2.1. Study Selection

The initial database search identified a total of 702 studies. After removing 119 du-
plicates, 583 studies remained for the title and abstract screening, from which 567 were
excluded. Based on the inclusion criteria, 15 studies were selected for full-text review. Upon
assessing eligibility, two studies were excluded due to incomplete data, and one because it
evaluated other extracellular vesicles without separately reporting exosome findings. Ulti-
mately, 12 studies [23-34] met the study criteria and were included in the pooled synthesis.
The study selection process is illustrated in the PRISMA flowchart (Figure 1).
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Figure 1. PRISMA flowchart.

2.2. Study Characteristics

The characteristics of the 12 included studies are presented in Table 1. These studies,
published between 2016 and 2024, involved a total of 191 women with confirmed endometrio-
sis from China [24-34] and the USA [23]. Diagnoses were established through magnetic
resonance imaging (MRI) and/or laparoscopy, with histological confirmation when possible.

Most participants presented with moderate-to-severe endometriosis (stages I1I-IV) [26,28].

Seven studies did not specify the stage of endometriosis [23-25,28,31-33]. One study in-

cluded only women with stages II-IV [34], while another focused exclusively on stage

III [30]. Additionally, the studies involved 169 control participants, all of whom were

healthy women.

Table 1. Characteristics of the case—control studies included.

Author, Count Sample Size Sample Staein Diagnostic Phase of Method of Method of
Year Y Case  Control Type sing Method Mecr;’sctlr:al [E’é:’:cot?;‘; Exosome Isolation
1. Nanoparticle
Harp Eutopic tracking
etal, USA 5 5 endometrial - Laparoscopy Secretory 2. Transmission -
2016 [23] tissue electron
microscopy
1. Nanoparticle
tracking
Huang 2. Transmission
etal., China 10 10 Serum -1V Laparoscopy Proliferative electron Ultracentrifugation
2024 [24] microscopy
3. Western
blotting
1. Eutopic 1. NanoRarticle
i endometrial tracklr}g ) ‘
Jiang ) tissue 2. Transmission Expsome Isplatlon
etal., China 25 25 2 Uterine -1V Laparoscopy - electron Kit (Echobiotech,
2022 [25] . microscopy Beijing, China)
aspirate 3. Western
fluid R
blotting
1. Transmission
Wuetal Ectopic electron
20182 6.], China 6 6 endometrial 1I-1v Laparoscopy - microscopy Ultracentrifugation
tissue 2. Western

blotting
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Table 1. Cont.
Author, Sample Size Sample . Diagnostic Phase of Method of Method of Method of
4 Country Staging & Menstrual iRNA E .
Y Type Method enstrual mi xosome E Isolat
ear Case  Control P etho Cycle Detection Detection xosome ‘solation
1. Transmission
. . : lectron
Wuetal., . Proliferative 1. Microarray © ) .
2022[27] China 42 24 Serum v Laparoscopy secretory 2 RT-PCR r;ucroscopy Ultracentrifugation
. Western
blotting
1. Nanoparticle
tracking
Zhang Ectopic Laparoscopy + . 2. Transmission . .
etal., China 20 20 endometrial - Histopathologic - 1éM11§;?1a’rC1“§y electron ceDnltfrf iefffn;?én
2020 [28] tissue examination -4 microscopy 8
3. Western
blotting
1. Nanoparticle
tracking
Zhang Laparoscopy + 1. Microarr 2. Transmission
etal, China 20 20 Serum v Histopathologic - S Vheroanay electron Ultracentrifugation
S 2. qRT-PCR -
2020 [29] examination microscopy
3. Western
blotting
1. Transmission
Zhang Ectopic electron
etal., China 20 20 endometrial I Laparoscopy Proliferative qRT-PCR microscopy SBI ExoQuick-TC
2020 [30] tissue 2. Western
blotting
1. Ectopic 1. NanoRarhcle
) tracking
endometrial .o
Zhang tissue 1. Microarray 2. Transmission
etal., China 24 20 2. Eutopic - Laparoscopy Proliferative 2. qRT-PCR ﬁalectror\ Ultracentrifugation
2022 [31] ) microscopy
endometrial
b 3. Western
ssue blotting
1. Nanoparticle
tracking
Zhang L l\r/[RI * + 1. Microarr 2. Transmission
etal, China 5 5 Tubal fluid - Aparoscopy Secretory S Vheroanay electron Ultracentrifugation
Histopathologic 2. qRT-PCR -
2023 [32] L microscopy
examination
3. Western
blotting
1. Ectopic 1. Transmission
Zheng endometrial Laparoscopy + . electron
. . . . 1. Microarray - . .
etal., China 11 11 tissue - Histopathological - 5 RT-aPCR microscopy Ultracentrifugation
2023 [33] 2. examination - 2. Western
Leukorrhea blotting
ExoQuick-TC
Zhou Eutopic Transmission Exosome
etal., China 3 3 endometrial I-1v Laparoscopy Secretory qRT-PCR electron Precipitation
2020 [34] tissue microscopy Solution (System
Biosciences)

MRI: magnetic resonance imaging; qRT-PCR: quantitative reverse transcription polymerase chain reaction.

Most studies included patients who had not received hormonal treatment in the past
3 months [23,24,27,29,32-34]. Two studies excluded patients who had taken hormonal
treatment within the last 6 months [26,28]. Only one study did not specify the hormonal
treatment status of the participants [23], and three did not report the length of the period
during which participants had refrained from hormonal use [25,30,31].

Six studies did not specify the menstrual phase of participants [23,25,26,28,29,33]. One
study differentiated between the proliferative and secretory phases [27]. Three studies
included only women in the secretory phase [23,32,34], while two studies [30,31] col-
lected samples exclusively in the proliferative phase. Eight studies analyzed eutopic
and/or ectopic endometrial tissues [23,25,26,28,30,31,33,34], while three used serum sam-
ples [24,27,29]. Exosomes were detected using nanoparticle tracking, transmission electron
microscopy, and Western blotting, with ultracentrifugation [23,26,27,29-33] being the pri-
mary isolation method. RT-PCR was the primary method for miRNA detection.
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2.3. Quality Assessment

The quality of the included studies was evaluated using the Newcastle-Ottawa scale
(Table 2), with the most common overall quality score being 5 out of 9. The primary
limitations of these studies included insufficient comparability between cases and controls,
along with inconsistent definitions of control groups.

Table 2. Quality assessment of included research papers using the Newcastle-Ottawa Scale for
case—control studies.

Selection Comparability Exposure
Comparabilit Overall
Reference An . , - of C};ses andy . Same Method for Non- Quality
equate Representativeness Selection Definition Controls Based Ascertainment Ascertainment of Response Score
Definition of Cases of Controls  of Controls N Desi of Exposure Cases and Rpt
of Cases onA esign or Controls ate
nalysis
Harpetal., * * * * *
2016 [23] - - - 5/9
Huangetal.,, . * * * * *
2024 [24] - - 6/9
Jiangetal., * * * * * *
2022 [25] - - 6/9
Wuetal,, « . % . * *
2018 [26] - - 7/9
Wuetal.,, + + + . - % "
2022 [27] - 8/9
Zhang etal., * * % % * *
2020 [28] - - 6/9
Zhangetal., N M + % %
2020 [29] - - - 5/9
Zhang et al., . * * *
2020 [30] - - - - 4/9
Zhangetal., B N * * . * *
2022 [31] . 8/9
Zhangetal., * * * *
2023 [32] ) ) ) ) 4/9
Zhengetal., . % * * * *
2023 [33] - - 6/9
Zhou etal., % * * * *
2020 [34] ) ) ) 5/9
2.4. miRNA Dysregulation in Endometriosis
All included studies analyzed dysregulated miRNAs, identifying those with the
highest potential, which were subsequently validated. Across all studies, 668 exosomal
miRNAs were found to be significantly differentially expressed between endometriosis
patients and controls. Table 3 presents the dysregulated miRNAs identified in these studies.
Table 3. Significantly dysregulated exosomal microRNAs in endometriosis.
f Diff ial Diff ial miRNA .
Reference Number.o Lierentia ! eren.tla o N Dysregulated Exosomal microRNA
microRNA Expression Criteria
Tubal fluid
Upregulated (1): miR-6087; miR-4443; miR-5194;
miR-6834-3p.
Zhang et al., Fold change >2 . .
2023 [32] 14 p <005 Downregulated (|): miR-6747-5p; miR-1273f;

miR-5699-5p; miR-10b-3p; miR-3911; miR-4419a;
miR-4441; miR-4655-3p; miR-6778-5p; miR-6845-5p.
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Table 3. Cont.

Number of Differential

Reference

microRNA

Differential miRNA
Expression Criteria

Dysregulated Exosomal microRNA

Serum

Huang
etal., 2024
[24]

50

Fold change >0.5
p <0.05

Upregulated (1): miR-4689; miR-4651; miR-6086;
miR-6836; miR-551b-5p; miR-3124-5p; miR-671-5p.
Downregulated (]): miR-4497; miR-6779-5p; miR-185-5p;
let-7i-5p; miR-27b-3p; miR-22-3p; miR-19b-3p;
miR-221-3p; miR-3135b; miR-18a-5p; miR-423-3p;
miR-27a-3p; miR-4454; miR-151a-3p; miR-1273g-3p;
miR-4429; miR-423-5p; miR-320d; miR-191-5p;
miR-151a-5p; miR-23b-3p; miR-24-3p; miR-17-5p; miR-107;
miR-103a-3p; miR-320c; miR-320a; miR-320b;
miR-199a-3p; miR-199b-3p; miR-20a-5p; miR-26a-5p;
miR-23a-3p; miR-139-5p; miR-93-5p; miR-361-5p;
let-7g-5p; let-7f-5p; miR-584-5p; miR-223-3p; miR-151b;
let-7e-5p; miR-25-3p.

Wu et al.,
2022 [27]

45

Fold change >2
p <0.05

Upregulated (1): miR-6795-3p; miR-6889-3p; miR-4731-3p;
miR-6731-3p; miR-6760-3p; miR-6870-3p; miR-7114-3p;
miR-424-5p; miR-6813-3p; miR-3940-3p; miR-1271-5p;
miR-1303; miR-6785-3p; miR-3675-3p; miR-1273g-3p;
miR-3180-5p; miR-4475; miR-146b-3p; miR-500a-3p;
miR-877-5p; miR-885-3p; miR-6818-3p; miR-6751-5p;
miR-539-5p; miR-32-3p; miR-4505.

Downregulated (]): miR-128-1-5p; miR-215-5p;
miR-26b-5p; miR-4453; miR-510-3p; miR-3140-3p;
miR-3929; miR-3678-3p; miR-4303; miR-6743-3p;
miR-514a-3p; miR-4315; miR-3074-5p; miR-628-3p;
miR-6836-5p; miR-659-5p; miR-323b-5p; miR-5091;
miR-3910.

Zhang et al.,
2020 [29]

24

Fold change >1
p<0.05

Upregulation (1): miR-197-5p; miR-22-3p; miR-320a;
miR-320b; miR-3692-5p; miR-4476; miR-4530; miR-4532;
miR-4721; miR-4758-5p; miR-494-3p; miR-6126;
miR-6734-5p; miR-6776-5p; miR-6780b-5p; miR-6785-5p;
miR-6791-5p; miR-939-5p.

Downregulated ({): miR-134-5p; miR-3141; miR-4499;
miR-6088; miR-6165; miR-6728-5p.

Endometrial tissue

Harp etal.,,
2016 [23]

p <0.05

Upregulation (1): miR-21

Jiang et al.,
2022 [25]

21

Fold change >1.50
p <0.05

Upregulation (1): miR-210-3p; miR-30d-3p; miR-141-5p;
miR-200c-3p; miR-224-5p; miR-4521; miR-29b-3p;
miR-30b-5p; miR-16-2-3p; miR-345-5p; miR-375-3p;
miR-9-3p; miR-9-5p; miR-190b-5p; miR-34c-5p.
Downregulation ({): miR-708-5p; miR-143-5p;
miR-132-3p.

Wu et al.,
2018 [26]

Downregulation (]): miR-214.

Zhang et al.,
2020 [28]

20

Fold change >1.5
p<0.05

Upregulation (1): miR-22-3p; miR-28-5p; miR-302a;
miR-320b; miR-3118; miR-3168; miR-425-5p; miR-4256;
miR-4447; miR-507; miR-596; miR-5582; miR-610;
miR-663a; miR-6720; miR-133.

Downregulation (]): miR-296; miR-1912; miR-2113;
miR-3188.
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Table 3. Cont.

Reference Numbgigfogﬁ;rentlal g:g:::;s;l g; i:{eli? Dysregulated Exosomal microRNA

i};;él ?335 al, - p <0.05 Downregulation ({): miR-214-3p.

félzazn %i; al, - p<0.05 Downregulation ({): miR-30c.

fé‘ze;ﬁ% al, 217 p <0.05 Upregulation (1): miR-202-3p; miR-202-5p.
Upregulation (1): miR-10b-3p; miR-1468-5p;
miR-125b-2-3p; miR-2682-5p; miR-494-5p; miR-200c-3p;
miR-345-3p; miR-450a-2-3p; miR-3180; miR-615-3p;
miR-196a-5p; miR-6873-3p; miR-4483; miR-3661;
miR-379-3p; miR-411-3p; miR-142-3p; miR-4532; miR-6131;
miR-3195; let-7c-3p; miR-1343-3p; miR-1299; miR-99a-5p;

Zhou et al., 49 Fold change >1.5 let-7¢-5p; miR-10b-5p.

2020 [34] p<0.05 P P

Downregulation ({): miR-425-5p; miR-4671-3p;
miR-4664-3p; miR-4473; miR-6500-3p; miR-3653-3p;
miR-4421; miR-378h; miR-29¢-5p; miR-4262; miR-1269a;
miR-124-3p; miR-1273h-3p; miR-1273h-5p; miR-548am-3p;
miR-548f-3p; miR-6859-5p; miR-548j-3p; miR-4467;
miR-4648; miR-365a-3p; miR-365b-3p; miR-486-3p.

Uterine aspirate fluid

Jiang et al.,

Fold change >1.50 Upregulation (1): miR-210-3p; miR-20b-5p; miR-625-5p;

9 miR-342-5p; miR-155-5p; miR-146a-5p; miR-130b-3p.
2022 [25] p<005 Downregulation ({): miR-335-3p; miR-132-5p.
Leukorrhea
Zheng etal, 217 <0.05 Upregulation (1): miR-202-3p; miR-202-5
2023 [33] p <O0. pregulatio : P; p.

Words in bold represent the microRNAs reported in more than one study.

2.4.1. Serum

A total of 119 exosomal miRNAs were found to be differentially expressed in the serum
of endometriosis patients (Table 2). Only three studies investigated exosomal miRNAs in
serum [25,27,29]. Four miRNAs (miR-22-3p, miR-320a, miR-320b, and miR-1273g-3p) were
differentially expressed in more than one study. Specifically, miR-22-3p, miR-320a, and miR-
320b were identified in both studies by Huang et al. [24] and Zhang et al. [29] but displayed
opposing trends, with upregulation reported by Zhang et al. [29] and downregulation by
Huang et al. [24]. Additionally, miR-1273g-3p was identified in two studies [24,27], with
downregulation reported by Huang et al. [24] and upregulation by Wu et al. [27].

2.4.2. Endometrial Tissues

The systematic review of exosomal miRNA expression profiles in endometrial tis-
sues revealed several miRNAs with consistent regulation patterns across eight stud-
ies [23,25,26,28,30,31,33,34]. A total of 308 exosomal miRNAs were found to be differ-
entially expressed. Among these, miR-200c-3p and miR-425-5p were reported in more than
one study. miR-425-5p was upregulated in the work of Zhang et al. [28] and downregulated
in the work of Zhou et al. [34]. Interestingly, miR-200c-3p was the only miRNA consistently
upregulated across studies, as reported by Zhou et al. [34] and Jiang et al. [25].

2.4.3. Tubal Fluid

In tubal fluid analysis, 14 exosomal miRNAs were found to be differentially expressed,
as reported by Zhang et al. [32], who applied a fold-change threshold greater than 2 and
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a p-value < 0.05. miR-6087, miR-4443, miR-5194, and miR-6834-3p were significantly
upregulated, indicating potential roles in the pathophysiology of fallopian tube conditions.
Conversely, miR-6747-5p, miR-1273f, miR-5699-5p, miR-10b-3p, miR-3911, miR-4419a,
miR-4441, miR-4655-3p, miR-6778-5p, and miR-6845-5p were downregulated, suggesting
reduced expression in the tubal fluid of women with endometriosis. Interestingly, miR-
10b-3p was downregulated in the tubal fluid by Zhang et al. [32] but was reported as
upregulated in endometrial tissue by Zhou et al. [34].

2.4.4. Uterine Aspirate Fluid

The analysis of uterine aspirate fluid by Jiang et al. [25] identified nine miRNAs with
differential expression based on a fold-change threshold of >1.50 and a significance level
of p < 0.05. Upregulated miRNAs included miR-210-3p, miR-20b-5p, miR-625-5p, miR-342-
5p, miR-155-5p, miR-146a-5p, and miR-130b-3p, while miR-335-3p and miR-132-5p were
downregulated. Jiang et al. [25] also reported miR-210-3p as being upregulated in both
uterine aspirate fluid and endometrial tissue.

2.4.5. Leukorrhea

Only Zheng et al. [33] investigated exosomal miRNAs in leukorrhea, identifying 217
differentially expressed miRNAs (p < 0.05). Among these, miR-202-3p and miR-202-5p
were upregulated. These miRNAs were also reported as upregulated in endometrial tissue
by the same author.

2.5. Bioinformatic Analysis

A total of 9 selected miRNAs and 1644 target genes were used to construct a miRNA—-
mRNA interaction network (Figure 2). Gene Ontology (GO) Biological Process enrich-
ment analysis provided insights into the molecular mechanisms involving these molecules
(Figure 3). The target genes associated with the selected miRNAs were primarily involved in
processes such as transcription regulation by RNA polymerase II, gene expression regulation,
transcription from DNA templates, cell population proliferation, protein phosphorylation
and modification, positive regulation of transcription and gene expression, nervous system
development, and negative regulation of translation, transcription, and cell motility.

Figure 2. miRNA-mRNA network analysis of miRNAs possibly involved in endometriosis. Colored
nodes represent miRNAs and black nodes are their target genes. miRNA: microRNA; mRNA:
messenger RNA.
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Figure 3. Gene Ontology (GO) enrichment analysis for microRNA targets in endometriosis, where the
color of the dots indicates the p-value, with red representing more significant values (lower p-values)
and blue representing less significant values (higher p-values). The size of the dots corresponds to
the Combined Score (CS), with larger dots indicating a higher CS.

The Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis revealed
that the target genes of the miRNAs were primarily associated with the following pathways:
long-term potentiation, Hedgehog signaling, renal cell carcinoma, microRNAs in cancer,
TGEF-$3 signaling, longevity regulation, endocrine resistance, cellular senescence, axon
guidance, oocyte meiosis, thyroid hormone signaling, MAPK signaling, proteoglycans
in cancer, focal adhesion, Rap1 signaling, human cytomegalovirus infection, PI3K—Akt
signaling, actin cytoskeleton regulation, endocytosis, and general cancer pathways. The
KEGG enrichment results are illustrated in Figure 4.

Long-term potentiation
Hedgehog signaling pathway
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Figure 4. Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis for microRNA
targets in endometriosis. The color of the graph indicates FDR in a —logl0 function, with red
representing more significant values and blue representing less significant values. The size of the
dots corresponds to the number of genes involved in each pathway.

3. Discussion

The clinical potential of miRNAs as diagnostic biomarkers opens promising avenues
for detecting disease, given their pivotal role in gene transcription and post-transcriptional
regulation. Exosomal miRNAs, protected within extracellular vesicles, exhibit greater
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stability and targeted delivery compared to free-circulating miRNAs. This enhanced
stability and specificity contribute to their potential predominance in various biological
contexts [35].

This study systematically reviews exosomes in diverse tissues of endometriosis pa-
tients, marking the first comprehensive analysis of circulating exosomal miRNAs in 191
women. The findings provide a foundation for understanding the diagnostic relevance of
miRNAs in endometriosis.

Our analysis identified 119 exosomal miRNAs with differential expression in serum
samples from endometriosis patients compared to controls. Notably, only four miRNAs—
miR-22-3p, miR-320a, miR-320b, and miR-1273g-3p—showed differential expression in
more than one study, although their regulatory patterns varied, complicating the determi-
nation of their roles in endometriosis pathogenesis.

Growing evidence implicates these miRNAs in key endometriosis-related pathways,
such as IKKf3 /NF-«B, PI3K/Akt/mTOR, and MAPK (ERK1/2, p38, and JNK). These path-
ways are involved in cellular proliferation, migration, invasion, and apoptosis, essential
processes that become dysregulated in endometriosis. Interestingly, KEGG pathway en-
richment analysis highlighted the MAPK, PI3K/Akt, and TGF-{ signaling pathways as
significantly enriched in the miRNA targets [36].

The PI3K/ Akt pathway, a prominent focus in endometriosis research, underscores a
pathogenic role in the disease’s progression [36,37]. PI3K activation triggers Akt activation,
with studies showing PI3K/Akt pathway overactivity and PTEN gene downregulation in
eutopic endometrium, which may facilitate endometriotic cell adhesion and proliferation
at ectopic sites [38,39]. Research on exosomal miR-301a-3p has shown its mediation of
macrophage polarization through the PTEN-PI3K axis [40], while miR-146a-5p in exosomes
from ectopic endometrial stromal cells has been linked to macrophage polarization through
TRAF6 targeting [41].

In addition, miR-22-3p, a notable regulator of DNA-templated transcription, has been
shown to inhibit the PTEN/PI3K/ Akt pathway, associated with endometriosis cell prolif-
eration [42]. Downregulation of miR-22-3p observed in patients may lessen its inhibitory
effects on targets like HIF-1c, promoting hypoxia, inflammation, angiogenesis, and en-
dometrial proliferation—all central to endometriosis pathogenesis [43,44]. Zhang et al. also
demonstrated that exosomal miR-22-3p can suppress NF-«kB signaling via SIRT1, potentially
mitigating inflammation in ectopic endometrial tissue [28].

The miR-320 family, similarly, implicated in endometriosis, has shown involvement in
cell proliferation and invasion, acting through pathways such as PI3K/Akt and STAT3 [45].
Studies suggest that miR-320 downregulates Wnt/ 3-catenin and TGF-f31, processes height-
ened in endometriosis, thereby potentially providing a protective effect [46—48].

Interestingly, inconsistent regulatory patterns emerged for miR-22-3p, miR-320a, miR-
320b, and miR-1273g-3p across studies, challenging their immediate use as consistent
biomarkers. Despite this, these miRNAs demonstrate strong potential as candidates for
diagnostic panels, pending further cross-validation.

Among miRNAs in endometrial tissue, only miR-425-5p and miR-200c-3p were consis-
tently identified. The miR-425-5p, associated with MAPK pathway regulation [49], presents
conflicting regulation across studies, while miR-200c-3p was upregulated in two studies,
aligning with its known tumor-suppressive function in endometriosis [50-53].

Finally, exosomal miR-210-3p was found upregulated in both uterine aspirate fluid
and endometrial tissue, suggesting an interesting locus biomarker for endometriosis. Our
GO analysis highlighted miR-210-3p’s involvement in transcription regulation, marking
it as a potential biomarker for endometriosis. Studies indicate its role in DNA repair and
hypoxia response [54], pathways central to endometriotic tissue progression.
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This systematic review has limitations that should be considered. The heterogeneity
among included studies in terms of sample size and endometriosis stages may affect
the comparability of results. Additionally, the geographic and ethnic diversity of study
populations may influence the expression profiles of miRNAs, limiting the generalizability
of findings. Finally, although we identified promising exosomal miRNAs, the validation of
these in independent large-scale cohorts is necessary to confirm their diagnostic accuracy
and clinical utility.

4. Materials and Methods
4.1. Protocol and Registration

This systematic review followed the guidelines of the Cochrane Handbook and the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) [55,56].
The protocol for this meta-analysis was registered in the International Prospective Register
of Systematic Reviews (PROSPERO) database (registration number: CRD42024532794).
The PRISMA checklist is given in Supplementary Materials Table S1.

4.2. Eligibility Criteria

The inclusion criteria for this review comprised published articles meeting the follow-
ing: I. Studies involving women diagnosed with endometriosis; II. Studies evaluating the
differential expression and regulation pattern (up- or downregulation) of exosomal miR-
NAs using microarray and/or RT-PCR in various human samples, including endometrial
tissue, tubal fluid, leukorrhea, uterine aspirate fluid, and serum. The research question,
structured in the PECOS format, was “Could exosomal microRNAs serve as potential
epigenetic biomarkers for diagnosing endometriosis?” with criteria as follows:

e  Participants: Women clinically diagnosed with endometriosis;

° Exposure: Exosomal miRNAs;

e  Control: Healthy women;

e  Outcome: Expression and regulation patterns of exosomal miRNAs in endometriosis
patients, along with downstream pathways;

e  Study type: Case—control studies.

Exclusion criteria included studies involving animal models, those based exclusively
on cell cultures, brief communications, other types of analyses on the topic, and articles be-
hind paywalls unavailable online. There were no restrictions on publication date, language,
or sample type. Full texts of all eligible studies were sought for inclusion.

4.3. Search Strategy

We searched PubMed, Embase, Web of Science, and Scopus databases. An experienced
librarian developed and piloted a search strategy for PubMed, using MeSH terms for
“Exosomes”, “Endometriosis”, and “MicroRNAs”, which was adapted for other databases.
Searches were conducted up to July 2024 without language restriction. References from
included studies were reviewed to identify additional relevant papers. All strategies are
provided in Supplementary Materials Table S2.

4.4. Selecting Studies

Results from multiple databases were imported into Rayyan software (https://www.
rayyan.ai/, accessed on 1 November 2024), where duplicates were removed. Two investi-
gators (CMAMS and LVPF) performed pilot screenings, resolving disagreements through
calibration meetings to refine inclusion criteria. After this, studies were independently
screened by title and abstract, followed by a review of full texts for relevance. Discrepancies
were resolved by consensus or with a fourth investigator (ATBS).
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4.5. Data Extraction Process

Two independent investigators (CMAMS and ATBS) extracted data chronologically,
with discrepancies resolved through discussion or assistance from a third investigator
(JCOCEF). Data were organized into a standardized Excel form (Microsoft Corporation,
Redmond, WA, USA), capturing the first author, year, country, sample size, menstrual cycle
phase, endometriosis stage, diagnostic criteria, sample type, miRNA and exosome detection
methods, and exosome isolation method. A second form documented the following:
I. Number of differentially expressed exosomal miRNAs, II. Criteria for differential miRNA
expression, and III. Dysregulated exosomal miRNAs. If further information was needed,
corresponding authors were contacted by email.

4.6. Quality Evaluation

Quality was assessed independently by two investigators (CMAMS and LVPF) us-
ing the Newcastle-Ottawa Quality Assessment Scale (NOS) [57], which is validated for
non-randomized studies. Disagreements were resolved by consensus with a third investi-
gator (ATBS).

4.7. Bioinformatic Assessment

A bioinformatic analysis was conducted to explore molecular interactions between
miRNAs and endometriosis. Only miRNAs identified in more than one study were in-
cluded. Target prediction was performed using the miRDIP v5.3 database with a score
threshold of “Very High” (top 1%) [58]. The miRNA-mRNA interaction network was
visualized with Gephi (version 0.10.1). Gene Ontology (GO) Biological Process enrichment
analysis was conducted using EnrichR (https://maayanlab.cloud /Enrichr/, accessed on 1
November 2024), focusing on the top 100 terms with a p-value < 0.05 [59,60]. Terms were
further analyzed if shared by at least five miRNAs studied. Two of the initially identified
11 miRNAs were excluded due to a lack of target data. KEGG pathway analysis and visual-
izations were performed with ShinyGO v0.8 [61], and dot plots were created in RStudio
(version 2023.06.0+421) using the ggplot2 package (version 3.4.2). The list of target genes is
provided in Supplementary Materials Table S3.

5. Conclusions

This systematic review highlights the potential of exosomal miRNAs as biomarkers
in endometriosis, though current findings underscore the necessity for further validation.
While select miRNAs demonstrate promise, their application as clinical biomarkers is not
yet feasible due to issues of specificity and sensitivity. Variability among studies, including
differences in sample size, endometriosis staging, and ethnic diversity, emphasizes the
need for standardized procedures and validation in large, diverse cohorts.

Ultimately, while exosomal miRNAs offer a window into the complex pathophysiology
of endometriosis, large-scale, standardized studies are essential to confirm these findings
and enable the use of miRNAs in early diagnosis and targeted treatments for endometriosis.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/ijms26104564 /s1.

Author Contributions: Conceptualization, A.T.B.d.S. and ].C.d.O.C.; methodology, CM.d.AM.S,,
A.T.B.d.S.,, A PRN. and L.V.PFE; software, A.PR.N. and A.D.L.; validation, A.C.A.S.,, K.5.d.M,, RN.C,,
AK.G. and J.C.d.O.C; formal analysis, CM.d.A.M.S., A.T.B.d.S., APR.N. and L.V.PEF; investigation,
C.M.d.AM.S,, A T.B.d.S.,, APRN. and L.V.PE; resources, A.T.B.d.S., AK.G. and J.C.d.O.C.; data
curation, A.C.A.S., KS.d.M., RN.C,, AKG. and ].C.d.O.C.; writing—original draft preparation,
CM.d.AM.S., ATB.d.S. and A.PR.N.; writing—review and editing, A.T.B.d.S., A.C.AS., K.S.d. M.,


https://maayanlab.cloud/Enrichr/
https://www.mdpi.com/article/10.3390/ijms26104564/s1
https://www.mdpi.com/article/10.3390/ijms26104564/s1

Int. J. Mol. Sci. 2025, 26, 4564 13 of 15

RN.C, AK.G. and J].C.d.O.C; supervision, A.K.G. and J].C.d.O.C.; project administration, J.C.d.O.C;
funding acquisition, A.K.G. and ].C.d.O.C. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by the Coordenacao de Aperfeicoamento de Pessoal de Nivel
Superior—Brazil (CAPES—Finance Code 001).

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author upon reasonable request.

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

References

1.  Agarwal, SK.; Chapron, C.; Giudice, L.C.; Laufer, M.R.; Leyland, N.; Missmer, S.A.; Singh, S.S.; Taylor, H.S. Clinical diagnosis of
endometriosis: A call to action. Am. |. Obstet. Gynecol. 2019, 220, 354.e1-354.e12. [CrossRef] [PubMed]

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

3. Surrey, E,; Carter, C.M.; Soliman, A.M.; Khan, S.; DiBenedetti, D.B.; Snabes, M.C. Patient-completed or symptom-based screening
tools for endometriosis: A scoping review. Arch. Gynecol. Obstet. 2017, 296, 153-165. [CrossRef] [PubMed]

4. Hudson, Q.J.; Perricos, A.; Wenzl, R.; Yotova, I. Challenges in uncovering non-invasive biomarkers of endometriosis. Exp. Biol.
Med. 2020, 245, 437-447. [CrossRef]

5. Pandey, S. Metabolomics for the identification of biomarkers in endometriosis. Arch. Gynecol. Obstet. 2024; Online ahead of print.
[CrossRef]

6. Agrawal, S.; Tapmeier, T.; Rahmioglu, N.; Kirtley, S.; Zondervan, K.; Becker, C. The miRNA Mirage: How Close Are We to Finding
a Non-Invasive Diagnostic Biomarker in Endometriosis? A Systematic Review. Int. ]. Mol. Sci. 2018, 19, 599. [CrossRef]

7. Guerriero, S.; Ajossa, S.; Orozco, R.; Perniciano, M.; Jurado, M.; Melis, G.B.; Alcazar, J.L. Accuracy of transvaginal ultrasound for
diagnosis of deep endometriosis in the rectosigmoid: Systematic review and meta-analysis. Ultrasound Obstet. Gynecol. 2016, 47,
281-289. [CrossRef]

8.  Kennedy, S.; Bergqvist, A.; Chapron, C.; D'Hooghe, T.; Dunselman, G.; Greb, R.; Hummelshoj, L.; Prentice, A.; Saridogan, E.;
ESHRE Special Interest Group for Endometriosis and Endometrium Guideline Development Group. ESHRE guideline for the
diagnosis and treatment of endometriosis. Hum. Reprod. 2005, 20, 2698-2704. [CrossRef]

9. May, K.E.; Conduit-Hulbert, S.A ; Villar, J.; Kirtley, S.; Kennedy, S.H.; Becker, C.M. Peripheral biomarkers of endometriosis: A
systematic review. Hum. Reprod. Update 2010, 16, 651-674. [CrossRef]

10. Mehedintu, C.; Plotogea, M.N.; Ionescu, S.; Antonovici, M. Endometriosis still a challenge. J. Med. Life 2014, 7, 349-357.

11.  Rahmioglu, N.; Nyholt, D.R.; Morris, A.P.; Missmer, S.A.; Montgomery, G.W.; Zondervan, K.T. Genetic variants underlying risk of
endometriosis: Insights from meta-analysis of eight genome-wide association and replication datasets. Hum. Reprod. Update 2014,
20, 702-716. [CrossRef] [PubMed]

12.  Nyholt, D.R,; Low, S.K.; Anderson, C.A.; Painter, ].N.; Uno, S.; Morris, A.P.; MacGregor, S.; Gordon, S.D.; Henders, A.K.; Martin,
N.G.; et al. Genome-wide association meta-analysis identifies new endometriosis risk loci. Nat. Genet. 2012, 44, 1355-1359.
[CrossRef] [PubMed]

13.  Miao, M.; Miao, Y.; Zhu, Y,; Wang, J.; Zhou, H. Advances in Exosomes as Diagnostic and Therapeutic Biomarkers for Gynaecolog-
ical Malignancies. Cancers 2022, 14, 4743. [CrossRef] [PubMed]

14. Yang, C.; Robbins, P.D. The roles of tumor-derived exosomes in cancer pathogenesis. Clin. Dev. Immunol. 2011, 2011, 842849.
[CrossRef]

15. Javadi, M.; Rad, ].S.; Farashah, M.S5.G.; Roshangar, L. An Insight on the Role of Altered Function and Expression of Exosomes and
MicroRNAs in Female Reproductive Diseases. Reprod. Sci. 2022, 29, 1395-1407. [CrossRef]

16. Colombo, M.; Raposo, G.; Théry, C. Biogenesis, secretion, and intercellular interactions of exosomes and other extracellular
vesicles. Annu. Rev. Cell Dev. Biol. 2014, 30, 255-289. [CrossRef]

17.  Valadi, H.; Ekstrom, K.; Bossios, A.; Sjostrand, M.; Lee, ].J.; Lotvall, J.O. Exosome-mediated transfer of mRNAs and microRNAs is
a novel mechanism of genetic exchange between cells. Nat. Cell Biol. 2007, 9, 654—659. [CrossRef]

18. Bhaskaran, M.; Mohan, M. MicroRNAs: History, biogenesis, and their evolving role in animal development and disease. Vet.
Pathol. 2014, 51, 759-774. [CrossRef]

19. Moreno-Moya, J.M.; Vilella, F; Simén, C. MicroRNA: Key gene expression regulators. Fertil. Steril. 2014, 101, 1516-1523.
[CrossRef]

20. McGinnis, L.K; Luense, L.].; Christenson, L.K. MicroRNA in Ovarian Biology and Disease. Cold Spring Harb. Perspect. Med. 2015,

5,a022962. [CrossRef]


https://doi.org/10.1016/j.ajog.2018.12.039
https://www.ncbi.nlm.nih.gov/pubmed/30625295
https://doi.org/10.1056/NEJMra1810764
https://doi.org/10.1007/s00404-017-4406-9
https://www.ncbi.nlm.nih.gov/pubmed/28547097
https://doi.org/10.1177/1535370220903270
https://doi.org/10.1007/s00404-024-07796-5
https://doi.org/10.3390/ijms19020599
https://doi.org/10.1002/uog.15662
https://doi.org/10.1093/humrep/dei135
https://doi.org/10.1093/humupd/dmq009
https://doi.org/10.1093/humupd/dmu015
https://www.ncbi.nlm.nih.gov/pubmed/24676469
https://doi.org/10.1038/ng.2445
https://www.ncbi.nlm.nih.gov/pubmed/23104006
https://doi.org/10.3390/cancers14194743
https://www.ncbi.nlm.nih.gov/pubmed/36230667
https://doi.org/10.1155/2011/842849
https://doi.org/10.1007/s43032-021-00556-9
https://doi.org/10.1146/annurev-cellbio-101512-122326
https://doi.org/10.1038/ncb1596
https://doi.org/10.1177/0300985813502820
https://doi.org/10.1016/j.fertnstert.2013.10.042
https://doi.org/10.1101/cshperspect.a022962

Int. J. Mol. Sci. 2025, 26, 4564 14 of 15

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Di Pietro, C. Exosome-mediated communication in the ovarian follicle. J. Assist. Reprod. Genet. 2016, 33, 303-311. [CrossRef]
[PubMed]

Vanhie, A.; Caron, E.; Vermeersch, E.; O, D.; Tomassetti, C.; Meuleman, C.; Mestdagh, P.; D'Hooghe, T.M. Circulating microRNAs
as Non-Invasive Biomarkers in Endometriosis Diagnosis-A Systematic Review. Biomedicines 2024, 12, 888. [CrossRef] [PubMed]
Harp, D.; Driss, A.; Mehrabi, S.; Chowdhury, I.; Xu, W.; Liu, D.; Garcia-Barrio, M.; Taylor, R.N.; Gold, B.; Jefferson, S.; et al.
Exosomes derived from endometriotic stromal cells have enhanced angiogenic effects in vitro. Cell Tissue Res. 2016, 365, 187-196.
[CrossRef] [PubMed]

Huang, Y.; Zhang, D.; Zhou, Y.; Peng, C. Identification of a Serum Exosome-Derived IncRNA-miRNA-mRNA ceRNA Network
in Patients with Endometriosis. Clin. Exp. Obstet. Gynecol. 2024, 51, 51. [CrossRef]

Jiang, Y.; Chai, X,; Chen, S.; Chen, Z.; Tian, H.; Liu, M.; Wu, X. Exosomes from the Uterine Cavity Mediate Immune Dysregulation
via Inhibiting the JNK Signal Pathway in Endometriosis. Biomedicines 2022, 10, 3110. [CrossRef]

Wu, D.; Lu, P; Mi, X.; Miao, J. Exosomal miR-214 from endometrial stromal cells inhibits endometriosis fibrosis. Mol. Hum.
Reprod. 2018, 24, 357-365. [CrossRef]

Wu, Y.; Yuan, W,; Ding, H.; Wu, X. Serum exosomal miRNA from endometriosis patients correlates with disease severity. Arch.
Gynecol. Obstet. 2022, 305, 117-127. [CrossRef]

Zhang, L.; Li, H.H.; Yuan, M,; Li, D.; Wang, G.Y. Exosomal miR-22-3p derived from peritoneal macrophages enhances proliferation,
migration, and invasion of ectopic endometrial stromal cells through regulation of the SIRT1/NF-kB signaling pathway. Eur. Rev.
Med. Pharmacol. Sci. 2020, 24, 571-580.

Zhang, L.; Li, H.; Yuan, M; Li, D.; Sun, C.; Wang, G. Serum Exosomal MicroRNAs as Potential Circulating Biomarkers for
Endometriosis. Dis. Markers 2020, 2020, 2456340. [CrossRef]

Zhang, Y.; Chang, X.; Wu, D.; Deng, M.; Miao, J.; Jin, Z. Down-regulation of Exosomal miR-214-3p Targeting CCN2 Contributes
to Endometriosis Fibrosis and the Role of Exosomes in the Horizontal Transfer of miR-214-3p. Reprod. Sci. 2020, 28, 715-727.
[CrossRef]

Zhang, M.; Wang, X.; Xia, X.; Fang, X.; Zhang, T.; Huang, F. Endometrial epithelial cells-derived exosomes deliver microRNA-30c
to block the BCL9/Wnt/CD44 signaling and inhibit cell invasion and migration in ovarian endometriosis. Cell Death Discov. 2022,
8, 151. [CrossRef] [PubMed]

Zhang, Y.; Zhang, H.; Yan, L.; Liang, G.; Zhu, C.; Wang, Y.; Ji, S.; He, C.; Sun, J.; Zhang, J. Exosomal microRNAs in tubal fluid
may be involved in damage to tubal reproductive function associated with tubal endometriosis. Reprod. Biomed. Online 2023, 47,
103249. [CrossRef] [PubMed]

Zheng, L.; Sun, D.E; Tong, Y. Exosomal miR-202 derived from leukorrhea as a potential biomarker for endometriosis. J. Int. Med.
Res. 2023, 51, 3000605221147183. [CrossRef] [PubMed]

Zhou, W,; Lian, Y,; Jiang, J.; Wang, L.; Ren, L.; Li, Y,; Yan, X.; Chen, Q. Differential expression of microRNA in exosomes derived
from endometrial stromal cells of women with endometriosis-associated infertility. Reprod. Biomed. Online 2020, 41, 170-181.
[CrossRef]

Zhang, B.L.; Dong, EL.; Guo, TW.; Gu, X.H.; Huang, L.Y,; Gao, D.S. MiRNAs Mediate GDNF-Induced Proliferation and Migration
of Glioma Cells. Cell. Physiol. Biochem. 2017, 44, 1923-1938. [CrossRef]

Gentilini, D.; Busacca, M.; Di Francesco, S.; Vignali, M.; Vigano, P.; Di Blasio, A.M. PI3K/ Akt and ERK1/2 signalling pathways
are involved in endometrial cell migration induced by 17beta-estradiol and growth factors. Mol. Hum. Reprod. 2007, 13, 317-322.
[CrossRef]

Cakmak, H.; Guzeloglu-Kayisli, O.; Kayisli, U.A.; Arici, A. Inmune-endocrine interactions in endometriosis. Front. Biosci. (Elite
Ed.) 2009, 1, 429-443.

Govatati, S.; Kodati, V.L.; Deenadayal, M.; Chakravarty, B.; Shivaji, S.; Bhanoori, M. Mutations in the PTEN tumor gene and risk
of endometriosis: A case—control study. Hum. Reprod. 2014, 29, 324-336. [CrossRef]

Stambolic, V.; Suzuki, A.; de la Pompa, J.L.; Brothers, G.M.; Mirtsos, C.; Sasaki, T.; Ruland, J.; Penninger, J].M.; Siderovski,
D.P; Mak, T.W. Negative regulation of PKB/Akt-dependent cell survival by the tumor suppressor PTEN. Cell 1998, 95, 29-39.
[CrossRef]

Huang, Y,; Zhu, L.; Li, H; Ye, J.; Lin, N.; Chen, M.,; Pan, D.; Chen, Z. Endometriosis derived exosomal miR-301a-3p mediates
macrophage polarization via regulating PTEN-PI3K axis. Biomed. Pharmacother. 2022, 147, 112680. [CrossRef]

Ji, J.; Wang, H.; Yuan, M,; Li, J.; Song, X.; Lin, K. Exosomes from ectopic endometrial stromal cells promote M2 macrophage
polarization by delivering miR-146a-5p. Int. Immunopharmacol. 2024, 128, 111573. [CrossRef] [PubMed]

Xu, X.Y.; Zhang, J.; Qi, Y.H.; Kong, M.; Liu, S.A.; Hu, J.J. Linc-ROR promotes endometrial cell proliferation by activating the
PI3K-Akt pathway. Eur. Rev. Med. Pharmacol. Sci. 2018, 22, 2218-2225. [PubMed]

Pan, Q.; Luo, X.; Toloubeydokhti, T.; Chegini, N. The expression profile of micro-RNA in endometrium and endometriosis and
the influence of ovarian steroids on their expression. Mol. Hum. Reprod. 2007, 13, 797-806. [CrossRef] [PubMed]


https://doi.org/10.1007/s10815-016-0657-9
https://www.ncbi.nlm.nih.gov/pubmed/26814471
https://doi.org/10.3390/biomedicines12040888
https://www.ncbi.nlm.nih.gov/pubmed/38672242
https://doi.org/10.1007/s00441-016-2358-1
https://www.ncbi.nlm.nih.gov/pubmed/26841879
https://doi.org/10.31083/j.ceog5102051
https://doi.org/10.3390/biomedicines10123110
https://doi.org/10.1093/molehr/gay019
https://doi.org/10.1007/s00404-021-06227-z
https://doi.org/10.1155/2020/2456340
https://doi.org/10.1007/s43032-020-00350-z
https://doi.org/10.1038/s41420-022-00941-6
https://www.ncbi.nlm.nih.gov/pubmed/35368023
https://doi.org/10.1016/j.rbmo.2023.06.004
https://www.ncbi.nlm.nih.gov/pubmed/37495470
https://doi.org/10.1177/03000605221147183
https://www.ncbi.nlm.nih.gov/pubmed/36597409
https://doi.org/10.1016/j.rbmo.2020.04.010
https://doi.org/10.1159/000485883
https://doi.org/10.1093/molehr/gam001
https://doi.org/10.1093/humrep/det387
https://doi.org/10.1016/S0092-8674(00)81780-8
https://doi.org/10.1016/j.biopha.2022.112680
https://doi.org/10.1016/j.intimp.2024.111573
https://www.ncbi.nlm.nih.gov/pubmed/38278065
https://www.ncbi.nlm.nih.gov/pubmed/29762822
https://doi.org/10.1093/molehr/gam063
https://www.ncbi.nlm.nih.gov/pubmed/17766684

Int. J. Mol. Sci. 2025, 26, 4564 15 of 15

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Jia, S.Z.; Yang, Y.; Lang, J.; Sun, P; Leng, J. Plasma miR-17-5p, miR-20a and miR-22 are down-regulated in women with
endometriosis. Hum. Reprod. 2013, 28, 322-330. [CrossRef]

Zhao, W.; Sun, Q.; Yu, Z.; Mao, S.; Jin, Y.; Li, J.; Jiang, Z.; Zhang, Y.; Chen, M.; Chen, P; et al. MiR-320a-3p/ELF3 axis regulates cell
metastasis and invasion in non-small cell lung cancer via PI3K/ Akt pathway. Gene 2018, 670, 31-37. [CrossRef]

Hsieh, 1.S.; Chang, K.C.; Tsai, Y.T.; Ke, ].Y.; Lu, PJ.; Lee, KH.; Yeh, S.D.; Hong, T.M.; Chen, Y.L. MicroRNA-320 suppresses the
stem cell-like characteristics of prostate cancer cells by downregulating the Wnt/beta-catenin signaling pathway. Carcinogenesis
2013, 34, 530-538. [CrossRef]

Gao, T.; Cao, Y.; Hu, M.; Du, Y. The activation of TGF-§ signaling promotes cell migration and invasion of ectopic endometrium
by targeting NRP2. Reprod. Biol. 2022, 22, 100697. [CrossRef]

Liang, Y; Li, S.; Tang, L. MicroRNA 320, an Anti-Oncogene Target miRNA for Cancer Therapy. Biomedicines 2021, 9, 591.
[CrossRef]

Angius, A.; Pira, G.; Scanu, A.M.; Uva, P; Sotgiu, G.; Saderi, L.; Manca, A.; Serra, C.; Uleri, E.; Piu, C.; et al. MicroRNA-425-5p
Expression Affects BRAF/RAS/MAPK Pathways In Colorectal Cancers. Int. |. Med. Sci. 2019, 16, 1480-1491. [CrossRef]

Dong, L.; Zhang, L.; Liu, H.; Xie, M.; Gao, J.; Zhou, X.; Zhao, Q.; Zhang, S.; Yang, J. Circ_0007331 knock-down suppresses the
progression of endometriosis via miR-200c-3p /HiF-1« axis. J. Cell. Mol. Med. 2020, 24, 12656-12666. [CrossRef]

Zhang, T.T.; Wang, Y.; Zhang, X.W.; Yang, K.Y.; Miao, X.Q.; Zhao, G.H. MiR-200c-3p Regulates DUSP1/MAPK Pathway in the
Nonalcoholic Fatty Liver After Laparoscopic Sleeve Gastrectomy. Front. Endocrinol. 2022, 13, 792439. [CrossRef] [PubMed]
Berlanga, P.; Munoz, L.; Piqueras, M.; Sirerol, ].A.; Sanchez-Izquierdo, M.D.; Hervas, D.; Hernandez, M.; Llavador, M.; Machado,
I.; Llombart-Bosch, A.; et al. miR-200c and phospho-AKT as prognostic factors and mediators of osteosarcoma progression and
lung metastasis. Mol. Oncol. 2016, 10, 1043-1053. [CrossRef] [PubMed]

Li, S.; Feng, Z.; Zhang, X.; Lan, D.; Wu, Y. Up-regulation of microRNA-200c-3p inhibits invasion and migration of renal cell
carcinoma cells via the SOX2-dependent Wnt/ 3-catenin signaling pathway. Cancer Cell Int. 2019, 19, 231. [CrossRef] [PubMed]
Dai, Y,; Lin, X.; Xu, W,; Lin, X.; Huang, Q.; Shi, L.; Pan, Y.; Zhang, Y.; Zhu, Y,; Li, C.; et al. MiR-210-3p protects endometriotic cells
from oxidative stress-induced cell cycle arrest by targeting BARDL1. Cell Death Dis. 2019, 10, 144. [CrossRef]

Cumpston, M,; Li, T.; Page, M.].; Chandler, ].; Welch, V.A.; Higgins, ].P.; Thomas, ]J. Updated guidance for trusted systematic
reviews: A new edition of the Cochrane Handbook for Systematic Reviews of Interventions. Cochrane Database Syst. Rev. 2019,
10, ED000142. [CrossRef]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef]

Stang, A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in
meta-analyses. Eur. |. Epidemiol. 2010, 25, 603. [CrossRef]

Hauschild, A.C.; Pastrello, C.; Ekaputeri, G.K.A.; Bethune-Waddell, D.; Abovsky, M.; Ahmed, Z.; Kotlyar, M.; Lu, R.; Jurisica, L.
MirDIP 5.2: Tissue context annotation and novel microRNA curation. Nucleic Acids Res. 2023, 51, D217-D225. [CrossRef]

Chen, E.Y;; Tan, C.M.; Kou, Y.; Duan, Q.; Wang, Z.; Meirelles, G.V.; Clark, N.R.; Ma’ayan, A. Enrichr: Interactive and collaborative
HTMLS5 gene list enrichment analysis tool. BMC Bioinform. 2013, 14, 128. [CrossRef]

Kuleshov, M.V,; Jones, M.R,; Rouillard, A.D.; Fernandez, N.F,; Duan, Q.; Wang, Z.; Koplev, S.; Jenkins, S.L.; Jagodnik, K.M.;
Lachmann, A.; et al. Enrichr: A comprehensive gene set enrichment analysis web server 2016 update. Nucleic Acids Res. 2016, 44,
WO90-W97. [CrossRef]

Ge, S.X,; Jung, D.; Yao, R. ShinyGO: A graphical gene-set enrichment tool for animals and plants. Bioinformatics 2020, 36, 2628-2629.
[CrossRef]

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.


https://doi.org/10.1093/humrep/des413
https://doi.org/10.1016/j.gene.2018.05.100
https://doi.org/10.1093/carcin/bgs371
https://doi.org/10.1016/j.repbio.2022.100697
https://doi.org/10.3390/biomedicines9060591
https://doi.org/10.7150/ijms.35269
https://doi.org/10.1111/jcmm.15833
https://doi.org/10.3389/fendo.2022.792439
https://www.ncbi.nlm.nih.gov/pubmed/35299961
https://doi.org/10.1016/j.molonc.2016.04.004
https://www.ncbi.nlm.nih.gov/pubmed/27155790
https://doi.org/10.1186/s12935-019-0944-5
https://www.ncbi.nlm.nih.gov/pubmed/31516388
https://doi.org/10.1038/s41419-019-1395-6
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1093/nar/gkac1070
https://doi.org/10.1186/1471-2105-14-128
https://doi.org/10.1093/nar/gkw377
https://doi.org/10.1093/bioinformatics/btz931

	Introduction 
	Results 
	Study Selection 
	Study Characteristics 
	Quality Assessment 
	miRNA Dysregulation in Endometriosis 
	Serum 
	Endometrial Tissues 
	Tubal Fluid 
	Uterine Aspirate Fluid 
	Leukorrhea 

	Bioinformatic Analysis 

	Discussion 
	Materials and Methods 
	Protocol and Registration 
	Eligibility Criteria 
	Search Strategy 
	Selecting Studies 
	Data Extraction Process 
	Quality Evaluation 
	Bioinformatic Assessment 

	Conclusions 
	References

