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Summary text

In a wide variety of biological processes, extracellular vesicles are essential players in the
regulation of cell-to-cell communication. The present work consists of a systematic
review of studies analyzing the involvement of micro-RNAs contained in extracellular
vesicles in various reproductive-related disorders, such as including infertility, pregnancy

complications or embryo development.



57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

Abstract

In the last years, EVs have emerged as essential players in cell-to-cell communication,
particularly having an active regulating role in biological systems. Because reproductive-
associated processes are not exempt of this communication, multiple studies have been
devoted to this realm, focusing on gamete maturation, embryo implantation or fetal
development. The aim of the present review was to collect comprehensively and
systematically the evidence about the function of the microRNA(miRNA) encapsulated
in EVs isolated from different reproductive tissues or fluids in reproductive-related
diseases. Following PRISMA guidelines, we conducted a systematic search of the
literature published in MEDLINE-PubMed until the end of February 2021. After
selection, 32 studies were included in the qualitative review comparing the miRNA
expression profile in EVs between different pathological conditions. Most reports showed
the potential of the miRNAs carried by EVs to be used as putative biomarkers of
reproductive conditions and disorders, including pregnancy affections, disease
progression and quality of preimplantation embryos. The most relevant miRNAs were
found to be highly heterogeneous among studies, with some conflicting results. Further
research is thus warranted to address whether cofounding factors, such as the methods to
isolate EV's and miRNAs, the fraction of EVs, the criteria of patient selection, the timing
of sample retrieval, or any other factor, may explain these inconsistencies between

studies.

Keywords: Extracellular vesicles, exosomes, microvesicles, microRNAs, reproduction,

reproductive disorders,
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Introduction

Extracellular vesicles (EVs) were first described in the ‘80s (Trams et al. 1981), when
they were suggested to remove harmful or useless molecules in order to protect the cell
from an accumulation of waste (Johnstone et al. 1991). Recently, EVs have gained much
relevance due to their intrinsic capacity of loading different types of bioactive molecules
(proteins, lipids, and nucleic acids) and safely transporting them from donor to recipient
cells, participating in a complex process of crosstalk between distant cells (Zomer et al.
2010). This strategy of exchange and cell-to-cell communication is being nowadays
highly studied, with research showing that specific nucleic acid cargo (mainly messenger
RNA (mRNAs) and microRNAs (miRNASs)) inside EVs can effectively affect the
biological behavior of recipient cells. Even under disease conditions, EVs can act as
promoting or restraining modulators leading to modifications in protein production and
gene expression of the recipient cell (Valadi et al. 2007). The EVs are a heterogeneous
population of round-shaped, lipid bi-layered membrane vesicles secreted by most cells
into the extracellular space. Extracellular vesicles have been isolated from many body
fluids, including urine (Zhang et al. 2016), saliva (Agrawi et al. 2017), blood, breast milk
(Galley and Besner 2020), and reproductive fluids, such as follicular fluid, amniotic fluid
and semen among others (Colombo et al. 2014; Foster et al. 2016; Machtinger et al.
2016).

Human reproduction is a complex process involving a wide variety of cell types
that require crosstalk to achieve an adequate regulation at molecular level in order to
perform their function. The EVs are proven to be involved in reproductive processes at
many levels, from gamete generation and maturation to embryo implantation, both in men
and women (Sullivan 2016;; Simon et al. 2018; Vyas et al. 2019; Baskaran et al. 2020;

Foot and Kumar 2021). Each reproductive tissue is known to release specific EVs, which
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have an unique cargo with a particular function in both the male and female genital tract
(Machtinger et al. 2016; Andronico et al. 2019). Specifically, it has been reported that
the miRNA cargo of EVs (EV miRNAS) is involved in key processes such as gamete
maturation, embryo development, immune modulation and cell invasion (Sullivan et al.
2005; Bechoua et al. 2011; Pons-Rejraji et al. 2011; VVojtech et al. 2014). The transfer of
miRNAs from donor to recipient cells through EVs has been previously demonstrated,
thus conferring the ability of modifying their functions (Valadi et al. 2007). Previous
studies also suggested that EV miRNAs can be used to determine the quality of oocytes
or to help verify the positive or negative outcome of an in vitro fertilization (IVF) process,
thus being a potential biomarker for the prediction of IVF outcomes in humans (Martinez
et al. 2018). Finally, the identification of miRNA cargo in EVs has also been shown to
anticipate the progression of some reproductive-related diseases, such as polycystic ovary
syndrome (PCQOS), preeclampsia or pre-term birth (Simon et al. 2018). While it is still
unclear whether the dysregulation of this EV miRNA cargo could be the cause or the
consequence of these disorders, future studies could uncover the potential roles of these
EV miRNAs and help us to draw specific biomarkers or even treatments (Xu et al. 2019).
In this systematic review, therefore, we will focus on the miRNA cargo of EVs related to
human reproductive biology and the consequences/causes of their dysregulation. Thus,
the objective is to comprehensively and systematically collect the updated data about the
role of miRNA carried by EVs in reproductive physiology, identifying the miRNAs
encapsulated in EV in different fluids that are related to pathological reproductive
processes.Materials and methods

The present systematic review was conducted following the guidelines of the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Liberati et al.



131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

2009). The protocol was registered in the PROSPERO registry

(http://www.crd.york.ac.uk/PROSPERO; PROSPERO 2021 ID: CRD42021275747).

Data sources and search strategy
A systematic analysis of the available literature was conducted using the MEDLINE-
PubMed database (http://www.ncbi.nlm.nih.gov/pubmed), including published studies
until 28" February 2021, and a manual search of the reference list of retrieved articles.
In order to define inclusion and exclusion criteria, a PICOS (Population,
Intervention, Comparator, Outcome, Study) Table was designed prior to any search
(Table 1). Keywords were selected based on the PICOS table and were aligned with the
main objective of this work. The search strategy resulted from the combination of the
selected terms and was conducted in PubMed as follows: (miRNA OR miRNA profile
OR miRNA expression OR small RNA profile OR small RNA expression) AND
(reproduction OR reproductive OR fertility OR fertilization OR reproductive tissue OR
assisted reproductive technology) AND (extracellular vesicle OR exosome OR
microvesicle OR vesicle) AND (human or homo sapiens). We also applied a filter to meet
with inclusion criteria: Humans, English.
Study selection and eligibility procedure
Results obtained from PubMed were downloaded in .txt format using a standardized
extraction form that collected the following information: reference, digital object
identifier (DOI), publication year, title, abstract, authors and article type. An Excel file
was generated with all this information. All information was screened in parallel by two
authors (1.B. and A.B.) for eligibility and any discrepancies were re-evaluated together
with a third author (J.R-M.).

Selection of studies started once all records were annotated in the database; article
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types declared as non-eligible were directly excluded. The second stage in study selection
was based on title and abstract screening, excluding those articles that did not meet the
eligibility criteria. Thereafter, the full text of all selected articles was downloaded and
screened for a third step of exclusion, that was conducted to obtain the final list of selected
articles.

For a study to be eligible, it had to have been performed in humans (males and/or
females), so animal studies were ineligible. The outcome was also an eligibility criterion,
each study being necessarily aimed at characterizing miRNA in EVs and/or including
data about miRNAs dysregulation (up/down) in human reproductive disorders, thus
comparing pathological vs. non-pathological conditions. Hence, reports analyzing
miRNAs not contained within EVs, or descriptive studies were excluded. Regarding the
type of articles, research articles, meta-analyses, observational studies, cross-sectional,
comparative and longitudinal studies were included, whereas letters, commentary

articles, review articles and systematic reviews were excluded.

Data extraction for systematic review

After selecting the articles on the basis of their title/abstract, the full text of each selected
study was analyzed and the following information was extracted: author/s, year of
publication, journal, title of the article, participant conditions, outcomes related to the
miRNA encapsulated within EVs, and major findings about up/down regulations of these

mMiRNAs related to reproductive processes, in both men and women.

Results

Identification and selection of the studies
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After the initial search carried out using the PubMed database, 302 articles were recorded
(Figure 1). Among these 302 records, 87 were immediately excluded, as they were
narrative or systematic reviews. A further title and abstract screening was performed,
excluding 162 records that did not meet the inclusion criteria. The remaining 53 articles
were downloaded for full text eligibility assessment; 21 were excluded due to the
following reasons: descriptive studies without comparison between pathological and non-
pathological conditions (n = 9); not associated to EVs (n = 6); not related to reproductive
biology (n = 2); not performed in humans (n = 2) or not written in English (n=2). We,
therefore, obtained a final list of 32 studies that were declared eligible as per the inclusion

and exclusion criteria defined in the PICOS Table for this systematic review (Table 1).

Selected studies overview
Studies selected for analysis, which are summarized in Table 2, were organized on the
basis of their specific aims and following the previously defined criteria.

Studies included had a comparative objective, i.e., subjects displaying
abnormal/pathological reproductive condition vs. normal/health (Table 2). Out of the 32
studies included, two were focused in men and the other 30 investigated female-related
reproductive disorders. The male-factor studies examined the expression profile of EV
miRNA in seminal plasma, assessing the potential relationship of miRNAs encapsulated
within EVs with oligoastenozoospermia/azoospermia. Among the studies focused in
female factors, one examined the differential miRNA expression profile between EVs
released from endometriotic and normal endometrial tissue; 15 examined the differential
EV miRNA expression profile in blood plasma between healthy and pregnancy-related
complications such as preterm birth (n = 3), gestational diabetes (n = 1), preeclampsia (n

= 10) and fetal growth (n = 1); three examined the differential expression profile in
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placenta-derived EV miRNA between healthy and pregnancy-related complications, such
as gestational diabetes (n =1), and preeclampsia (n = 2); nine examined the differential
miRNA expression profile in follicular fluid derived EVs, three in normal and PCOS-
pregnancies, two in patients with different age, one in patients with different body mass
index and three in oocytes or pre-implantation embryos of different quality; one examined
miRNAs in EVs isolated from uterine fluid in order to find receptivity associated
biomarkers; and one article examined the differential miRNA expression profile of EV

isolated from peritoneal fluid between endometriosis and healthy women.

Discussion

The present study systematically reviewed the available literature about the miRNAs
transported by EVs and their role under pathological conditions, providing
comprehensive and useful information that not only could be essential to understand the
crosstalk between separate cell types in reproductive biology, but could also point out to
the upregulation or downregulation of EVmMIiRNAs caused by different reproductive
disorders. As a wide range of affectations was identified, the miRNAs carried by the EVs

involved in different reproductive processes will be discussed separately in this section.

Role of miRNAs carried by EVs in male reproductive physiology

Because infertility due to the male factor affects half of infertile couples (Leaver 2016),
new, non-invasive biomarkers are needed to predict the chances of having a successful
pregnancy in these couples. Growing evidence points to seminal EVs as key modulators
of sperm physiological processes, including sperm maturation, motility, capacitation, and
acrosome reaction, influencing the fertilization process (Ronquist 2012; Sullivan and

Saez 2013; Baskaran et al. 2020; Wu et al. 2020). Two studies included in this systematic
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review (Abu-Halima et al. 2016; Barcel6 et al. 2018) were focused on the analysis of the
miRNAs contained in seminal plasma EVs and aimed at uncovering the causes and
biomarkers of oligo/azoospermia. The assessment of more than 600 mature miRNAS in
these two studies showed that several miRNAs were dysregulated in azoospermic men;
specifically, 36 in Abu-Halima et al. (2016) and 60 in Barceld et al. (2018). Surprisingly,
while four of these dysregulated miRNAs (miR-23b, miR-21, miR-363 and miR-96) were
identified in both studies, they exhibited an opposite pattern. Differences in the RNA
isolation method, miRNA analysis or patient selection between these two studies could
contribute to explain these inconsistent results.

Among the dysregulated miRNAs encapsulated within seminal plasma EVs, Abu-
Halima et al. (2016) found a higher expression of miR-765 and miR-1275 and lower
expression of miR-15a in oligoasthenozoospermic men. Interestingly, bioinformatics
analysis predicted that the genes targeted by these miRNAs were involved in Ras, ErbB,
MAPK, cAMP, P13k-Akt, Hedgehog and Wnt signaling pathways. As all these biological
pathways have been described to be involved in spermatogenesis (Vojtech et al. 2014),
one could suggest that the oligozoospermia observed in these patients would result from
an impaired spermatogenesis. In addition, Barcel6 et al. (2018) suggested that some
miRNAs (miR-31-5p, miR-539-5p and miR-941) encapsulated within seminal plasma
EVs could establish the origin of azoospermia. Moreover, these miRNAs were found to
be expressed in testis, epididymis and prostate, suggesting their involvement in cell-to-

cell communication occurring alongside the male genital tract.

Role of miRNAs carried by EVs in female reproductive processes

Endometriosis
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It is thought that women suffering from endometriosis may have immune dysfunctions
that can interfere with a correct clearing of the lesions caused by abnormal tissue growth
(Giudice 2010). Two studies assessing this dysfunction were included in the present
review (Chen et al. 2019; Khalaj et al. 2019), showing that women suffering from
endometriosis carry a unique miRNA profile within EVs in endometriotic tissues,
peritoneal fluid and blood plasma. Bioinformatics analysis showed that some
downregulated miRNAs, such as miR-27a and miR-375, had binding sites for SERPINA1L,
PDGFA and THBS1, which are essential genes involved in embryonic development,
angiogenesis, cell proliferation and differentiation (Khalaj et al. 2019). Also, other
upregulated miRNAs, such as miRNA-451a, miRNA-1908 and miRNA-130b, were
found to alter immune cells, such as macrophages and Treg, contributing to an abnormal
immunological microenvironment promoting endometriosis (Chen et al. 2019). Related
to miRNA-451a, it was upregulated in both studies (Khalaj et al. 2019; Chen et al. 2019)
and was downregulated in EV isolated from blood plasma of women with preeclampsia
(Truong et al. 2017) and from chorionic villous explants of women with gestational
diabetes compared to women with normal pregnancy (Nair et al. 2018).. Similarly, in EV
isolated from peritoneal fluid from women with pregnancies complicated by
endometriosis, mMiRNA-505-5p was upregulated (Chen et al. 2019), which was also
upregulated in EV isolated from blood plasma from women with preterm birth delivered
(Fallen et al., 2018). These findings suggest the putative key role of miRNA-451a and

miRNA-505-5p encapsulated in EVs in female reproductive disorders.

Reproductive aging

Infertility is constantly raising in the last years, and the advancement of maternal age is

known to be one of the main factors leading to that increase (Carson and Kallen 2021).
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Regarding the ageing processes taking place in women, two studies were focused on
comparing the miRNA expression profile of EVs isolated from the follicular fluid
between two age groups of women (older and young) (Diez-Fraile et al. 2014; Battaglia
et al. 2020). Results of these two studies showed that several miRNAs transported by the
EVs present in the follicular fluid were differentially upregulated and downregulated in
both groups, but none of them was common between both studies. Diez-Fraile et al.
(2014) found three EV miRNAs that were solely expressed in one of the groups: one in
younger women (miR-21-5p) and two in older women (miR-190b and miR-99b-3p).
These identified miRNAs were found to be involved in TP53 signaling pathways, heparan
sulfate biosynthesis, and extracellular matrix-receptor interaction, influencing oocyte
maturation, stress response and vesicle release. These pathways are also known to be
related to fertility (Diez-Fraile et al. 2014). Additionally, the increased level of apoptosis
in granulosa cells that was seen in older women was also found to be related to the
downregulation of miR-21-5p and to the upregulation of miR-134 (Krysko et al. 2008),
thus indicating that apoptotic processes could also be predicted through these miRNA.
Finally, miR-16-5p, which is downregulated in old women (Battaglia et al. 2020), was
reported to be downregulated in women with poor embryo quality (Machtinger et al.

2017), showing a relationship between these two conditions.

Polycystic ovarian syndrome (PCQOS)

Polycystic ovarian syndrome usually courses with hyperandrogenism, obesity, polycystic
ovarian morphology, insulin resistance and/or anovulation, thus affecting oocyte quality.
Three studies included in this review (Sang et al. 2013; Hu et al. 2020; Rooda et al. 2020)
compared the expression profile of the EV-miRNAs present in the follicular fluid between

women suffering from PCOS and those not suffering from that disease. The three studies
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demonstrated that several miRNAs transported by EVs were involved in amino acid and
glycosaminoglycan biosynthesis, and that carbon and monocarboxylic metabolism was
dysregulated in PCOS patients (Sang et al. 2013; Hu et al. 2020; Rooda et al. 2020). In
these three studies, the main over- and under-expressed miRNAs (Table 2) were proposed
to be potential early biomarkers of this disorder; however, their utility remains
controversial, as opposite results were found for two miRNA (miR-10a-5p and miR-
200c-3p), which were down- (Hu et al., 2020) and upregulated (Rooda et al., 2020),
respectively. In this regard, it can be hypothesized that differences could be due to the
method used to isolate EVs (ultracentrifugation for Hu et al., 2020 vs chromatography for
Rooda et al., 2020), but one has to take into account that other factors, such as the RNA
isolation method, differed between these studies. Moreover, variables such as the use of
different patient/donor cohorts may also explain such differences. For all these reasons,
more research needs to be conducted to reduce these uncertainties, before accepting the

clinical utility of these miRNAs.

Role of miRNAs carried by EVs in pregnancy-related processes

Embryo/Oocyte quality

While the success rates of single embryo transfer following ICSI in humans have been
improved in the last decades, mounting evidence supports that they have reached a plateau
(European 1VF-monitoring Consortium (EIM) for the European Society of Human
Reproduction and Embryology (ESHRE) et al., 2020). Despite the usefulness of classical
embryo parameters, many efforts are focused on uncovering potential biomarkers that
could have better predictive ability upon embryo implantation and the achievement of life
birth (Gardner and Balaban 2016). In this regard, three studies included in our review

aimed at comparing the follicular fluid-derived EV miRNA cargoes between top- and
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poor-quality oocytes/preimplantation embryos (Machtinger et al. 2017; Martinez et al.
2018; Zhang et al. 2021). The identification of mMiRNAs encapsulated in EV led to the
finding of several dysregulated miRNAs in the follicular fluid of oocytes that failed to be
fertilized. The dysregulated miRNAs from embryos with fertilization failure reported in
the studies (Table 2) were predicted to target genes involved in organ development,
reproductive system diseases and systemic abnormalities. In the same way, miRNA
dysregulation was identified in follicular fluid EVs isolated from follicles that led to poor-
quality embryos. These miRNAs were found to be involved in follicular growth,
regulation of oocyte meiosis, cellular signaling and ovarian function pathways (Martinez
et al. 2018). All these findings suggest that follicular fluid EV-borne miRNAs could be
crucial for proper embryo development and fertilization, and could be used as potential

biomarkers to predict embryo quality and pregnancy success.

Preeclampsia

Preeclampsia is one of the most prevalent pregnancy-related diseases affecting women
worldwide, and is defined as an onset of hypertension during the second half of pregnancy
(Kuklina et al. 2009). This disease leads to an increase in oxidative stress and underlies
the development of systemic endothelial dysfunction, which results in the characteristic
clinical symptoms in later stages of the disease. Twelve studies included in this review
were focused on investigating the EV-borne miRNAs, most of them isolated from blood
plasma, in order to find putative early biomarkers aimed to reduce the prevalence and
severity of this disease and to better understand its progression and pathophysiology
(Ospina-Prieto et al. 2016; Sandrim et al. 2016; Bir6 et al. 2017, 2019; Crongvist et al.
2017; Salomon et al. 2017; Truong et al. 2017; Motawi et al. 2018; Hromadnikova et al.

2019; Pillay et al. 2019; Wang et al. 2020; Xueya et al. 2020).
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In two studies from the same research group Bir6 et al. 2017, 2019, authors
purported that an upregulation of the miR-210-3p carried in EVs could be a preeclampsia
indicator in blood. This finding could not be confirmed in the study of Crongvist, who
found similar levels among the studied groups. The predicted target genes related to miR-
210 are involved in cell proliferation and differentiation, apoptosis, angiogenesis and
metabolism. Based on these data, Lee et al. (2011) hypothesized that high levels of miR-
210 could lead to oxidative stress and placental mitochondria dysfunction through the
repression of Iron-Sulfur Cluster assembly enzyme (ISCU) protein, which leads to iron
accumulation in the mitochondria of trophoblast cells. The study by Wang et al. (2020)
investigated the miR-15a-5p carried by EVs and found that an elevated expression of this
miRNA could inhibit the proliferation of granulosa cells through downregulation of its
targeted gene, CDK1, which is involved in the PI3k-AKT-mTOR pathway (Borges et al.
2020). Related with this, it is worth mentioning that this pathway has been associated to
preeclampsia in rodents (Huang et al. 2020), which adds value to this potential biomarker.

Another study carried out by Sandrim et al. (2016) found that miR-376¢-3p, miR-
19a-3p and miR-19b-3p were downregulated and miR-885-5p was upregulated in EVs
when preeclampsia patients and controls were compared. While the relationship between
miR-885-5p and this disorder remains unclear, the high prevalence of this miRNA in
preeclampsia patients suggests an intercellular communication role via targeting its
predicted gene targets, CDK2 and MCMD5, both involved in cell proliferation and survival
(Afanasyeva et al. 2011). Thus, the upregulation of this miRNA could lead to cellular
senescence and apoptosis (Huppertz et al. 2006), which are common features in

preeclampsia.
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Finally, miR-141-3p, miR-525-5p, miR-376¢-3p, miR-517c and miR-517a-3p
were found to be dysregulated in preeclampsia patients, and also in women with preterm

birth (Fallen et al. 2018), which would suggest that these disorders are related.

Preterm birth

While the initiation of parturition occurs when fetal development is completed and is
related to immune and feto-maternal endocrine changes in the uterine cavity (Mendelson
2009), labor timing is also surmised to be regulated by the miRNAs present in EVs
derived from placenta and umbilical artery. Related to this hypothesis, three studies
included in this review compared the miRNA expression profile in EVs isolated from
blood plasma and Primary Human Trophoblast (PHT) cells between women with preterm
and with full-term labors (Fallen et al. 2018; Menon et al. 2019; Yadava et al. 2021). A
dysregulation in the miRNA expression profile of EVs was found in preterm birth patients
compared to full-term pregnancies. Fallen et al. (2018) analyzed more than 500 miRNA
and indicated that nearly 50% belonged to the placental expression of C19MC, which
reflects the overall health status in the placenta. The genes targeted by most of the
dysregulated miRNAs found in blood plasma of women who had preterm birth were
described to be related to cell proliferation and focal adhesion molecules, affecting PI3K,
AKT and VEGF signaling pathways (Fallen et al. 2018). Another study suggested that
the upregulation of miR-15b-5p in EVs released from PHT cells could be an interesting
biomarker for preterm birth (Yadava et al. 2021). Since the predicted target gene of miR-
15b-5p was APLN, its repression is known to upregulate proinflammatory cytokines in
the placenta, resulting in several processes regarding homeostasis, cardiovascular
function and regulating cell apoptosis and oxidative stress regulation (Briana and

Malamitsi-Puchner 2009). As previously stated, five miRNAs were commonly
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dysregulated both in preterm birth and in preeclampsia, thus suggesting that both
affectations can be somehow related to them. These miRNAs encapsulated within EVs,

therefore, could be considered as putative biomarkers of these pathologies.

Gestational diabetes mellitus

Gestational diabetes mellitus is defined as glucose intolerance leading to maternal
hyperglycemia and hyper-insulinemia, and is diagnosed during pregnancy with absence
of previous type | or Il diabetes mellitus (Feig et al. 2018). Two studies included in this
review investigated the differential miRNA expression profile of EVs isolated from blood
plasma and placental tissue between women with pregnancy complicated by gestational
diabetes and women with normal pregnancies (Nair et al. 2018; Gillet et al. 2019). Gillet
et al. (2019) identified 10 miRNAs upregulated in EVs isolated from blood plasma of
gestational diabetes patients; the bioinformatics analysis showed these miRNAs were
involved in glucose transport and insulin secretion and regulation in pregnant women,
affecting relevant pathways for gestational diabetes such as AMPK (insulin receptor
signaling pathway). Nair et al. (2018) identified 456 miRNAs in placental derived-EVs
and found 23 of them dysregulated between GDM patients and healthy women (nine
upregulated and 14 downregulated). The genes predicted to be targeted by miRNAs were
related to PI3/AKT signaling and glucose metabolism/insulin resistance pathways, which
regulated cell migration and carbohydrate metabolism. Finally, miR-197-3p was found to
be dysregulated in gestational diabetes, low fetal growth and women with preterm birth
(Rodosthenous et al. 2017; Nair et al. 2018; Menon et al. 2019), evidencing a possible

common physiopathology.

Strengths and limitations
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It is a strength of our review the comprehensive collection of studies relating the miRNAs
transported by EVs to the different disorders affecting human reproduction. The
systematic approach contributes to this strength, as it was conducted following inclusion
and exclusion criteria that were defined prior to the literature search. Even though most
of the studies analyzed miRNAs through an —omics approach, thus obtaining up- and
downregulation for hundreds to thousands of genes, the present work may show a
limitation regarding the publication bias, as non-conclusive results could prevent
publication, either by the authors or by the journal Editors. Another limitation would be
that the search was conducted in a single database (MEDLINE-PubMed). While it is well
known that this database covers most of the published works in medical topics, the
inclusion of other search databases could have strengthened the retrieval of scientific
articles. Finally and importantly, the lack of consensus on EVs isolation method
undermines our ability to compare and integrate results from different studies focused on
the same reproductive disorder and to establish miRNAs encapsulated in EVs as specific
reproductive pathology-biomarker. In this sense, methodological-related differences in
the size, quantity, yield and composition of isolated EVs, and even in the miRNAs
encapsulated in EVs have been reported (Buschmann et al. 2018; Brennan et al. 2020).
For this reason, further studies are required to establish an accurate protocol for the

analysis of EV-borne miRNAs, particularly in reproductive fluids and tissues.

Conclusions

The amount of miRNAs found to be upregulated or downregulated in pathological
reproductive diseases compared to healthy individuals show the importance of EVs in
cell regulation, proving that they are involved in cell-to-cell communication and that play

key roles in the regulation of all reproductive processes, from gametogenesis (Ji et al.



452

453

454

455

456

457

458

459

460

461

462

463

464

21

2013; Barcel6 et al. 2018), to fertilization (Machtinger et al. 2017; Rooda et al. 2020), or
even during pregnancy (Salomon et al. 2017; Xueya et al. 2020). This regulating ability
of miRNAs could be due to the protective effect of EVs that prevent miRNAs from
degradation, allowing them to safely travel from donor to recipient cells. A highly
heterogeneous set of miRNAs, however, is usually observed in studies assessing similar
disorders, thus evidencing a lack of consensus in the method or kit used to isolate EVs,
the EV fraction studied, the RNA isolation method, the miRNA analysis method, criteria
of patient selection, and the biological fluid used or the sample timing. For this reason,
further studies are required to elucidate the differences between these factors. Finally,
further comprehensive understanding of the molecular mechanisms behind EVs
modulation is important, as biosynthesis of EVs to encapsulate therapeutic drugs can

allow generating novel therapeutic strategies for a high variety of affectations.
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Fig 1. Flowchart of the literature search and selection process.
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763 Table 1. Population, Intervention, Comparator, Outcome and Study (PICOS) design, with the inclusion
764  and exclusion criteria and the keywords used for the definition of the search strategy and the eligibility of
765  the study.
Parameter Inclusion Exclusion Keywords
Population | Human (male and female) Species other than humans Human, Homo sapiens
- miRNA identified after isolation] - miRNA contained within | miRNA, miRNA expression,
and characterization of| extracellular vesicles not | exosome,  extracellular  vesicle,
extracellular vesicles, and related related to reproduction reproduction, fertility, embryo quality,
to reproductive processes ART, fertilization, implantation,
Intervention infertility, oocyte, donor, sperm,
maturation, differentiation,
development, gamete, placenta,

Comparison

Outcomes

Study design

766

767

follicle, embryo culture, blastocyst,
zona pellucida, follicular fluid

- Expression of miRNAs
encapsulated within extracellular
vesicles related to reproductive
disorders

- Differential miRNA expression
between fertile and infertile
women

- Differential miRNA expression
between embryos of different
quality

- Differential miRNA expression
between normal and abnormal
pregnancies

- Differential miRNA expression
between fertile and infertile men

- Studies that do not study
the miRNAs transported by
extracellular vesicles and its

association with  human
reproduction

- Descriptive  studies
analyzing the miRNA
content in a single
population, but  without
comparison.

- Fertility  and assisted
reproduction outcomes

- miRNA dysregulation in
reproductive issues

- miRNAs as biomarkers for
embryo quality

miRNA, expression profile,
regulation, reproductive processes,
pregnancy, ART outcome

- Research Article

- Meta-analyses

- Observational Study
- Cross-sectional

- Comparative

- Longitudinal study

- Review article

- Systematic reviews
- Letters

- Commentary articles

Research study, Comparative Study,
Corrected and Republished Article,
English Abstract, Journal Article,
Observational Study, English,
longitudinal  study, cross-sectional
study.
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Table 2. Summary of the main identified microRNAs (miRNAs) encapsulated in extracellular vesicles (EVs) extracted from the comparative studies included in the systematic
review
Table 2. Summary of the main identified microRNAs (miRNAs) encapsulated in extracellular vesicles (EVs) extracted from the comparative studies included in the systematic
review
Reference Objective of the study Sex Sample source EVs isolation Comparison Main miRNAs encapsulated in EVs up- Results of the
procedure /down-regulated study/Main conclusion
(Barcelo etal.  To determine whether the miRNA Male Seminal plasma  Differential ultra- Azoospermic men VS Upregulated Downregulated The study validated the

2018) cargo of EVs from seminal plasma can
be used as biomarkers to assess the
origin of azoospermia and the presence

of sperm in the testis

centrifugation

normozoospermic men
(control)

hsa-miR-363-3p
hsa-miR-365a-3p
hsa-miR-29a-3p
hsa-miR-296-5p
hsa-miR-23b-5p
hsa-miR-21-3p
hsa-miR-193a-3p
hsa-miR-29c¢-3p
hsa-miR-361-3p
hsa-miR-550a-5p
hsa-miR-423-5p
hsa-let-7f-1-3p
hsa-miR-153-3p
hsa-miR-196b-3p
hsa-miR-96-5p

hsa-miR-202-3p
hsa-miR-514a-3p
hsa-miR-202-5p
hsa-miR-509-3-5p
hsa-miR-510-5p
hsa-miR-513c-5p
hsa-miR-518e-3p
hsa-miR-508-5p
hsa-miR-520
hsa-miR-9-3p
hsa-miR-506-3p
hsa-miR-383-5p
hsa-miR-34c-5p
hsa-miR-517¢c-3p
hsa-miR-873-5p
hsa-miR-34b-5p
hsa-miR-513a-3p
hsa-miR-5211
hsa-miR-452-5p
hsa-miR-122-5p
hsa-miR-449a
hsa-miR-499a-5p
hsa-miR-455-5p
hsa-miR-891b
hsa-miR-890
hsa-miR-34c-3p
hsa-miR-891a-5p
hsa-miR-888-5p
hsa-miR-124-3p
hsa-miR-892a
hsa-miR-551b-3p
hsa-miR-424-5p

potential of several
miRNASs contained in EVs
of seminal plasma as
sensitive and specific
biomarkers for selecting
azoospermic individuals
with real chances of
obtaining spermatozoa
from the testicular biopsy.
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hsa-miR-181b-5p
hsa-miR-31-3p
hsa-miR-181a-5p
hsa-miR-31-5p
hsa-miR-10b-3p
hsa-miR-222-3p
hsa-miR-455-3p
hsa-miR-205-5p
hsa-miR-182-3p
hsa-miR-95-3p
hsa-miR-9-5p
hsa-miR-132-5p
hsa-miR-203a

(Abu-Halima  To determine whether miRNA Male Seminal plasma  Differential ultra- Oligoasthenozoospermic Upregulated Downregulated The study demonstrated
et al., 2016) expression profile is different in EVs centrifugation subfertile men VS an altered miRNA
collected from seminal plasma of men normozoospermic men miR-1275 miR-4306 expression profile of EVs
with oligoasthenozoospermia to (control) miR-4298 miR-28-5p in seminal plasma from
understand the underlying mechanisms miR-3675-3p miR-4286 oligoasthenozoospermic
of male infertility miR-765 miR-96 subfertile men compared
miR-483-5p miR-185 to normozoospermic
miR-1299 miR-425 fertile men.
miR-766 miR-100
miR-30e
miR-331-3p
miR-374a
miR-15b
miR-193b
miR-30c
miR-25
miR-27a
miR-23a
miR-27b
miR-15a
miR-93
miR-374b
miR-200b
miR-23b
miR-20a
miR-21
miR-148a
miR-17
miR-30b
miR-363
miR-26b

(Khalaj et al. To determine the miRNA and Female  Endometrial Differential ultra- Women with endometriotic Upregulated Downregulated The study demonstrated a
2019) proteomic content in EVs isolated tissue and blood  centrifugation tissue VS women with normal = -~ ie 506 hsa-miR-1266-5p miRNA signature

from plasma and endometrial tissue of plasma endometrial tissue (control) . . contained within EVs
hsa-miR-29¢-3p hsa-miR-200c-3p




patients with endometriosis (EMT)
compared to patients with normal
endometrial tissue, figuring out the
potential role of these miRNAs in EVs
on endometriosis pathophysiology

hsa-miR-139-3p
hsa-let-7a-3p
hsa-miR-95-3p
hsa-miR-29b-3p
hsa-miR-495-3p
hsa-miR-136-3p
hsa-miR-887-3p
hsa-miR-381-3p
hsa-miR-100-5p
hsa-miR-193b-3p
hsa-miR-335-5p
hsa-miR-411-5p
hsa-miR-451a
hsa-miR-144-5p
hsa-miR-486-5p

hsa-miR-200a-3p
hsa-miR-20b-5p
hsa-miR-200a-5p
hsa-miR-96-5p
hsa-miR-375
hsa-miR-30d-5p
hsa-miR-27a-3p
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isolated from endometrial
tissue from patients with
endometriotic tissue by an
up/down regulation of
miRNAs. The miRNAs
encapsulated in EVs were
related to this pathology,
and they were associated
to an increasing of
endothelial angiogenesis
with a high increase in
cellular growth.

(Chen et al. To test whether myeloid-derived Female  Peritoneal fluid Differential ultra- Women with pregnancies Upregulated Downregulated The study reported that
2019) suppressor cells play arole in the centrifugation complicated b_y endometriosis miR-1908-5p miR-6508-3p sgveral E_Vs-miRNA were
progression of EMT, and to define VS women with normal . . differentially expressed in
EVs-miRNA profile in peritoneal fluid pregnancies (control) miR-130b miR-145-5p the peritoneal fluid
from endometriosis patients miR-451a miR-365a-3p between endometriosis
o QA o ) and healthy women and
m!R 486-5p MiR-365b-3p that these EVS-miRNAs
miR-4488 were likely to be involved
miR-432-5p in the progression of
MiR-342-5p endometriosis.
miR-425-5p
miR-505-5p
(Battagliaet al. To identify the most significant Female  Follicular fluid Differential ultra- Old (>38) VS young (<35) Upregulated Downregulated The study proposed that
2020) dysregulated miRNAs contained in centrifugation women subjected to in vitro miR-125b MiR-16-5p different miRNAs carried
EVs in reproductive aging Fertilization (IVF) . . by EVs isolated from
mIR-155-5p miR-214-3p follicular fluid could be
miR-372 miR-449a responsible for some of
the alterations detected in
reproductive aging
(Diez-Fraile et To report the presence of EVs- Female  Follicular fluid Differential ultra- Old (>38) VS young (<31) Upregulated The study described the

al. 2014)

miRNAs in follicular fluid and to
identify a set of miRNAs that are
differentially expressed in older
women compared to that of younger
women

centrifugation

women undergone to assisted
reproduction

old (>38) VS young (<31) women

hsa-miR-134

hsa-miR-21-5p
(only in young)

miRNA levels contained
in EVs of follicular fluid
together with a set of EVs-
miRNAs differentially
expressed in follicular
fluid from young women
and older women



hsa-miR-190b and
hsa-miR-99b-3p
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(only in old)

(Hu et al. 2020) To explore the role of miRNAs- Female  Follicular fluid Differential ultra- Women with pregnancies Upregulated Downregulated The study found that the
containing EVs of follicular fluid in centrifugation complicated by polycystic miR-6087 MiR-98-5p expression of several
polycystic ovarian syndrome patients, ovarian syndrome VS women . . miRNAs-EVs of follicular
in order to assess whether they can be with normal pregnancies miR-4745-3p miR-483-5p fluid differed between
used as potential biomarkers to early (control) miR-193b-3p miR-382-5p polycystic ovarian
detect polycystic ovarian syndrome miR-199a-5p miR-23b-3p syndrom_e and non-

) ) polycystic ovarian
miR-4532 miR-10a-5p syndrome patients. The
miR-199a-3p miR-200a-3p miRNAs contained in EVs

- : may play a key role in the
MiR-199b-3p MiR-141-3p mechanism that leads
miR-629-5p miR-3911 polycystic ovarian
miR-143-3p miR-200c-3p Sygdrome pathggenesli(s,

. . and can act as biomarkers
miR-25-3p miR-483-3p for polycystic ovarian

syndrome diagnosis

(Rooda et al. To investigate the difference in the Female  Follicular fluid Size exclusion Women with pregnancies Upregulated Downregulated The study evidenced that

2020) miRNA prof_ile contained in EVs of chromatography complicated by polycystic hsa-miR-200c-3p hsa-miR-17-5p polycystic ovz_arian
follicular fluid from normal women (SEC) ovarian syndrome VS women . syndrome patients had
and polycystic ovarian syndrome with normal pregnancies hsa-miR-100-5p alterations in the miRNA
patients. (control) hsa-miR-10a-5p expression profile in EVs

hsa-miR-342-3p isolated from follicular

hsa-miR-28-3p fluid that can lead to

hsa-miR-125b-5p changes in estrogen
receptor signaling,
apoptosis and the
dysregulation of
transcription affecting the
progression of the disease

(Sang et al. To identify EVs-miRNAs in follicular Female  Follicular fluid Differential ultra- Women with pregnancies Upregulated Downregulated The study demonstrated

2013) fluid and to investigate the role they centrifugation complicated by polycystic miR-132 that there are several
play in polycystic ovarian syndrome ovarian syndrome VS women miRNAs in follicular fluid

with normal pregnancies miR-320 some of them play a key

(control) roles in steroidogenesis
and polycystic ovarian
syndrome

(Martinez et al.  To assess whether EV-miRNAs from  Female  Follicular fluid Differential ultra- Fertilization status: failed to Upregulated Downregulated The study suggested that

2018)

follicular fluid can serve as biomarkers
for fertilization status and day 3
embryo quality

centrifugation

fertilize VS Normally
fertilized

Day 3 Embryo quality: poor
quality embryo VS high
quality embryo

Fertilization status

hsa-miR-92a
hsa-miR-130b

Poor VS high quality

hsa-miR-888

hsa-miR-214

EV-miRNAs of follicular
fluid may play a role in
pathways of ovarian
function and follicle
development, which could
be essential for
understanding the




hsa-miR-454

41
molecular mechanisms
that could lead to a
successful pregnancy and
birth

To investigate EVs-microRNASs in
follicular fluid and explore their
potential association with oocyte
quality.

Follicular fluid

Differential ultra-
centrifugation

Poor oocyte quality VS High
oocyte quality

Upregulated Downregulated

hsa-miR-1246 hsa-miR-513c-5p
hsa-miR-548ae-5p  hsa-miR-548au-3p
hsa-miR-505-3p

hsa-miR-548t-3p

hsa-miR-548au-5p

hsa-miR-320e

hsa-miR-1303

The study indicated that
the dysregulated miRNAs
contained within EVs
isolated from follicular
fluid may be potential
biomarkers for evaluating
oocyte quality.

(Machtinger et

To determine the profile of miRNAs
contained within EVs isolated from
follicular fluid and explore their
association with fertilization potential
and embryo quality.

Follicular fluid

Commercial kit
(exoRNeasy kit

[Qiagen])

Fertilization status: failed to
fertilize VS fertilized

Day 3 Embryo quality: poor
quality embryo VS high
quality embryo

Upregulated Downregulated

Not fertilized VS normally fertilized

miR-202-5p
-- miR-206
miR-16-1-3p

miR-1244

Poor VS high quality

miR-663b
miR-766-3p
miR-132-3p
hsa-miR-16-5p

The study suggested that
miRNAs contained in EVs
of follicular fluid can lead
to downstream events that
will affect fertilization and
day 3 embryo quality and
morphology.

(Li et al. 2020)

To characterize EVs-miRNAs from
uterine fluid, aimed to uncover
endometrial receptivity-associated
biomarkers

Differential ultra-
centrifugation

Women with pregnancies
aided by controlled ovarian
stimulation VS women with
normal pregnancies (control)

Upregulated Downregulated

hsa-miR-362-3p --

The study identified a
differential expression of
miR-362-3p in EVs
isolated from uterine fluid
in patients who conceived
compared to those who
did not. This miRNA
seems to be associated
with biological functions
related to immune
response, extracellular
matrix, and cell junction.

(Hromadnikova

To evaluate whether placental CLIOMC Female
miRNAs in plasma EVs would be able

to predict, during the early stages of
gestation, patients that will develop
pregnancy-related complications and

Blood plasma

Commercial kit
(MiRCURY™
Exosome
Isolation Kit-
[Exiqon])

Women with pregnancies
complicated by preeclampsia
and/or fetal growth restriction
VS women with normal
pregnancies (control)

Upregulated Downregulated

miR-517-5p

This study indicated that
the miRNAs contained
within EVs released to the
systemic circulation by the
placenta may be used as a




women that will have normal
progression of gestation

miR-520a-5p
miR-525-5p
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part of first trimester
pregnancy screening to
identify women with risk
to develop a pregnancy-
related complication such
as preeclampsia and fetal
growth restriction

(Salomon et al.
2017)

To investigate whether EVs and their ~ Female
miRNA cargo present in blood plasma
of pregnant women can be used as

early biomarker for preeclampsia.

Blood plasma

Commercial kit

(miRNeasy Mini Kit

[Qiagen])

Women with pregnancies
complicated by preeclampsia
VS women with normal
pregnancies (control)

Upregulated

Downregulated

hsa-miR-486-1-5p

hsa-miR-486-2-5p
hsa-miR-423-5p
hsa-miR-451a
hsa-miR-107
hsa-miR-15a-5p
hsa-miR-335-5p
has-miR-92a-2-3p
hsa-miR-103-1-3p
hsa-miR-103-2-3p
has-miR-92a-1-3p

hsa-miR-126-3p

This study evidenced that
the evaluation of the
miRNAs carried by EVs
isolated from blood
plasma of pregnant
women could have a
diagnostic value for
predict women with risk
for developing
preeclampsia. This study
pointed out hsa-miR-486-
1-5p and hsa-miR-486-2-5
as potential biomarkers
that can be used to
differentiate between
normal and preeclampsia
pregnancies.

(Xueya et al.
2020)

To examine the association between Female
hsa-miR-125a-5p within EVs isolated
from umbilical cord blood with

preeclampsia.

Umbilical cord
blood

Commercial kit
(exoRNeasy
Serum/Plasma Kit

[Qiagen])

Women with pregnancies
complicated by preeclampsia
VS women with normal
pregnancies (control)

Upregulated

Downregulated

miR-125a-5p

The study assessed that
miR-125a-5p expression
in EVs isolated from
umbilical cord blood in
preeclampsia patients was
higher than in normal
patients. It was
demonstrated that
dysregulation of miR-
125a-5p in EVs might
affect HTR8/SVneo cell
proliferation and
migration and inhibit
angiogenesis, indicating
that miR-125a-5p was
involved in the
progression of
preeclampsia

(Bir6 et al.
2019)

To investigate whether and the Female
miRNAs EVs isolated from blood

plasma in pregnant women can be

used as early biomarkers for

preeclampsia

Blood plasmaand Commercial kit

placenta samples

(ExoRNEasy kit,
[Qiagen])

Women with pregnancies
complicated by preeclampsia
VS women with normal
pregnancies (control)

Upregulated

Downregulated

hsa-miR-210

The study postulated that
in preeclampsia, the hsa-
miR-210 contained in EVs
is secreted dynamically
from the trophoblast, and
it may have a key role in
the etiology of this disease
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(Pillay et al. To better understand the Female  Blood plasma Commercial kit Women with pregnancies Upregulated Downregulated This study identified EVs-
2019) pathophysiological role of miRNAs of (miRCURY Exosome complicated by preeclampsia miRNAS signatures in
EVs isolated from blood plasma in isolation kit VS women with normal early onset preeclampsia
preeclampsia process ( in early and [Qiagen]) pregnancies (control) and late onset
late onset preeclampsia) Early onset Preeclampsia VS Control preeclampsia involved in
hsa-miR-223-3p hsa-miR-431-5p the regulatlpn of .

) ) preeclampsia associated
hsa-miR-490-3p hsa-miR-758-5p processes
hsa-miR-874-3p
hsa-miR-126-3p
hsa-miR-190a-5p
hsa-miR-23a-3p
hsa-miR-324-3p
Late onset Preeclampsia VS Control
hsa-miR-297 hsa-miR-375
hsa-miR-202-3p hsa-miR-488-3p
hsa-miR-499a-5p hsa-miR-505-3p
hsa-miR-640 hsa-miR-296-3p

(Wang et al. To investigate the role of placental Female  Blood plasma Differential ultra- Women with pregnancies Upregulated Downregulated The study provided
2020) derived EVs and their miRNA cargo, centrifugation complicated by preeclampsia miR-15a-5p _ evidence that transfer of
(miR-15a-5p) in preeclampsia VS women with normal miR-15a-5p by placental
pregnancies (control) EVs could be a promising
therapeutic target to
prevent preeclampsia
(Truong etal.  To investigate whether oxygen tension Female  Blood plasma Differential ultra- Women with pregnancies Upregulated Downregulated The study demonstrated

2017)

is able to modify the EVs release and
miRNA profile from extravillous
trophoblast cells, altering their
bioactivity on endothelial cells. This
study also aimed to establish the EVs-
miRNA profile at early gestation in
women who will develop preeclampsia
and spontaneous preterm birth

centrifugation

complicated by preeclampsia
VS women with normal
pregnancies (control)

Women with preterm birth
delivered VS women with
term birth delivered (control)

Preeclampsia VS with normal
pregnancies

miR-744-5p miR-335-5p
miR-584-5p miR-192-5p
let-7a-5p miR-23a-3p
miR-6724-5p miR-144-3p
miR-17-5p miR-125b-2-3p
miR-199a-3p miR-542-3p
miR-141-3p miR-205-5p
miR-30c-5p miR-208a-3p
miR-26a-5p miR-518a-3p
miR-221-3p miR-451a

Preterm birth compared with normal
pregnancies

that low oxygen tension
caused by pregnancy-
related complications
promote the release of
EVs from extravillous
trophoblast cells. The
miRNAs of EVs were able
to modify the migration
capacity and release of
TNFa from endothelial
cells, which seems to be
related to preeclampsia
and preterm birth
pathophysiology
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let-7a-5p miR-145-3p
miR-17-5p miR-4792
miR-92a-3p miR-344a-5p
miR-191-5p miR-889-3p
miR-151-3p miR-625-5p
miR-423-5p
miR-344d-3p
miR-32-3p
(Birg et al. To measure total EVs-miRNA Female  Blood plasma Commercial kit Women with pregnancies Upregulated Downregulated The study stated that the
2017) concentration and to perform (Exosome complicated by preeclampsia, “hoamir-210 concentration of total
expression analysis of circulating EV's precipitation solution  chronic hypertension or circulating EVs-miRNA
miRNA hsa-miR-210 in women [Macherey-Nagel gestational hypertension VS and the levels of hsa-miR-
affected by chronic hypertension or GmbH] women with normal 210 were higher in blood
gestational hypertension or pregnancies (control) samples of pregnant
preeclampsia women with preeclampsia.
It was demonstrated that
hsa-miR-210 was secreted
via EVs and that it could
have a key role in the
pathogenicity of the
disease
(Sandrimetal. To validate and to compare the Female  Blood plasma Commercial kit Women with pregnancies Upregulated Downregulated The study demonstrated
2016) miRNA expression profiles of EVs (miRNeasy Kit complicated by preeclampsia miR-885-5p miR-376¢-3p that miR-885-5p
isolated from blood plasma between [Qiagen] VS women with normal . transported by EVs was
pregnant women with preeclampsia pregnancies (control) miR-19a-3p increased in blood plasma
and those with normal pregnancy miR-19b-3p from preeclampsia
patients compared with
healthy pregnant women,
which can be considered
as a putative biomarker of
this pathology
(Motawi etal.  To evaluate the expression of miR- Female  Blood plasma and Differential ultra- Women with pregnancies Upregulated Downregulated The study suggested that
2018) 136, miR-494 and miR-495 in EVs Umbilical cord centrifugation complicated by preeclampsia " ;ir-136 miRNA-136, miRNA-494
isolated from of blood plasma and blood VS women with normal . and miRNA-495
uterine cord blood as putative pregnancies (control) miR-494 transported by EVs could
biomarkers for preeclampsia. miR-495 be promising circulating
biomarkers in early
detection of preeclampsia
(Crongvist et To investigate the uptake of placenta ~ Female  Placental Differential ultra- Women with pregnancies Upregulated Downregulated The study revealed an
al. 2017) derived-EVs by primar;_/ coronary cotyledons centrifugation complicated b_y preeclampsia  “ b E174 inte_rnalization of plz_icenta
artery endothelial cells in women with VS women with normal . derived-EVs into primary
normal pregnancy and preeclampsia pregnancies (control) miR-517¢ coronary artery
miR-519a endothelial cells, and a

transfer of placenta
specific miRNAs into the
endoplasmic reticulum
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and mitochondria of these
recipient cells. Further, the
miRNAs contained by
EVs led to a down
regulation of specific
preeclampsia associated
target genes.

(Ospina-Prieto

To determine whether miR-141 carried Female  Human Placental

Differential ultra-

Women with pregnancies

Upregulated

Downregulated

The study demonstrated

et al. 2016) in EVs is differently expressed Trophoblasts centrifugation complicated by preeclampsia " ir-141 that the expression of
between placental tissues of women (PHT) VS women with normal miR-141 contained in EVs
with preeclampsia VS healthy women pregnancies (control) of PHT was higher in
preeclampsia patients
compared with those from
normal pregnancies
(Menonetal.  To characterize serial changes in the Female  Blood plasma Differential ultra- Women with preterm birth Upregulated Downregulated The study demonstrated
2019) miRNA content in EVs present in centrifugation dellver_ed VS women with hsa-miR-145-5p hsa-miR-148a-3p that circulating EVs in
maternal blood plasma across term birth delivered (control) . blood plasma of pregnant
gestation in term and preterm birth hsa-let-7b-3p hsa-miR-1304-3p  \yomen carried a specific
pregnancies, in order to find potential hsa-miR-197-3p hsa-miR-101-1-3p  set of miRNAs that
biomarkers that could predict preterm mib.10A. mip. ) changed across the
birth hsa m!R 10a-3p hsa mfR 1304-5p gestation, and that this
hsa-mIR-145-5p hsa-mlR-1304-3p mlRNA proﬁ'e in EVs
hsa-miR-128-1-3p  hsa-let-7i-3p differed between preterm
. . birth pregnancies
hsa-miR-202-5p hsa-miR-1249-5p compared to normal term
hsa-miR-1275 hsa-miR-1255b-2-  deliveries. Specifically,
3p this study found that 173
miRNAs changed across
gestation for normal
compared with preterm
birth pregnancies
(Fallen et al. To report a comprehensive signature Female  Blood plasma SEC Women with preterm birth Upregulated Downregulated The study demonstrated
2018) of miRNA carried by EVs isolated delivered VS women with an altered profile of EVs-

from blood plasma of pregnant women
with preterm birth and to reveal the
usefulness of EV-associated miRNAs
in the diagnosis of this pathology

term birth delivered (control)

hsa-miR-192-5p
hsa-miR-194-1-5p
hsa-miR-378c-5p
hsa-miR-4326-5p
hsa-miR-505-5p
hsa-miR-589-3p
hsa-miR-671-5p
hsa-mir-7641-2
hsa-miR-92a-2-3p
hsa-miR-214-3p

hsa-miR-100-5p
hsa-miR-127-5p
hsa-miR-136-3p
hsa-miR-141-3p
hsa-miR-337-3p
hsa-miR-337-5p
hsa-miR-33a-3p
hsa-miR-369-3p
hsa-miR-369-5p
hsa-miR-376b-3p
hsa-miR-376¢-3p
hsa-miR-377-3p

miRNA in blood plasma
from women with preterm
birth compared to normal
pregnancies. It was
reported that EV-
associated miRNA could
be a useful and relatively
non-invasive source of
biomarkers for preterm
birth
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hsa-miR-379-3p

hsa-miR-379-5p
hsa-miR-380-3p
hsa-miR-382-3p
hsa-miR-410-3p
hsa-miR-411-5p
hsa-miR-431-5p
hsa-miR-487b-3p
hsa-miR-495-3p
hsa-miR-512-1-5p
hsa-miR-515-1-3p
hsa-miR-515-1-5p
hsa-miR-516b-1-5p
hsa-miR-517a-3p
hsa-miR-517c-3p
hsa-miR-518b-3p
hsa-miR-518c-3p
hsa-miR-518f-3p
hsa-miR-519d-3p
hsa-miR-520d-5p
hsa-miR-524-5p
hsa-miR-525-5p
hsa-miR-526b-5p
hsa-miR-539-3p
hsa-miR-551b-3p
hsa-miR-590-3p
hsa-miR-655-3p
hsa-miR-656-3p
hsa-miR-889-3p

(Yadavaetal. To investigate the role of miRNAs Female  Fetal cord arterial Differential ultra- Women with preterm birth Upregulated Downregulated The study found that miR-
2021) carried by fetal EVs in thg regulatior) blood centrifugation delivered _by cesarean VS miR-6727-5p let-7i-5p 15b-5p carried by _
of placental gene expression and their women with term birth . placental EVs can activate
involvement in preterm birth delivered (control) miR-185-5p pro-labor hormones and
miR-548d-5p cytokines including IL-1,
miR-92b-3p IL-6, IL-8, and TNF-a.
miR-16-5p

miR-1301-3p
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miR-15b-5p
miR-376¢-3p
(Gillet et al. To compare the miRNAs expression in  Female  Blood plasma Differential ultra- Women with pregnancies Upregulated Upregulated The results evidenced that
2019) EVs isolated from blood plasma of centrifugation complicated by gestational miR—122-5p miRNAs contained within
women with pregnancies complicated diabetes VS women with ) EVs were involved in
by gestational diabetes mellitus normal pregnancies (control) miR—136-5p trophoblast proliferation
compared to women with normal miR—29a-3p as well as in insulin
pregnancies miR—132-3p regulation and transport of
glucose in pregnant
miR-1323 women. The analysis of
miR-210-3p miRNAs-EVs isolated
miR-520h from blood plasma of
. pregnant women could be
miR—29b-3p a promising tool for
miR-342-3p studying the early effect of
miR-182-3p impaired glucose
metabolism on placental
development
(Nair et al. To investigate whether placental EVs ~ Female  Chorionic villous Differential ultra- Women with pregnancies Upregulated Downregulated This study found that the
2018) from patients with gestational diabetes explants centrifugation complicated by gestational hsa-miR-125a-3p hsa-miR-208a-3p concentration of EVs was
mellitus carry a specific set of diabetes mellitus VS women . . higher in women with
miRNAs associated with skeletal with normal pregnancies hsa-miR-224-5p hsa-miR-335-5p gestational diabetes
muscle insulin sensitivity (control) hsa-miR-584-5p hsa-miR-451a mellitus compared to
hsa-miR-186-5p  hsa-miR-145-3p  normal glucose tolerant
) . women. In addition, it was
hsa-miR-22-3p hsa-miR-369-3p found a differential
hsa-miR-99b-5p  hsa-miR-483-3p  MIRNA expression in EVs
hsa-miR-433-3p  hsa-miR-203a-3p  'eleased from the
chorionic villous explants
hsa-miR-197-3p hsa-miR-574-3p of women with gestational
hsa-miR-423-3p hsa-miR-144-3p diabetes (rjnelli:]us .

. compared to those from
hsa-miR-6795-50 /s men with normal
hsa-miR-550a-3-3p  pregnancies. These
hsa-miR-411-5p differential miRNAs
hsa-miR-550a-3-3p transported by EVs were
has-miR-140-3p related to insulin

resistance and
carbohydrates metabolism
genes
(Martinez et al.  To study whether increased body mass Female  Follicular fluid Differential ultra- Women undergone in vitro Upregulated Downregulated These results showed that
2019) index is associated with altered centrifugation fertilization (IVF) with hsa-miR-328 a 1-unit increase in body
expression of miRNAs carried by EVs different BMI. mass index was associated
of follicular fluid with an altered miRNAs

expression of hsa-miR-
328 contained in EVs of
follicular fluid that may
influence follicular and
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oocyte developmental
pathways

(Rodosthenous
et al. 2017)

To determine the association of EVs-
miRNAs profile with abnormal fetal
growth comparing mothers of infants
classified as small-for-gestational age
and large-for-gestational age to
appropriate-for-gestational age,

matched by gestational age at delivery.

Female

Blood plasma

Commercial kit
(exoRNeasy kit

[Qiagen]

Small and large fetal growth
for gestational age compared
with appropriate fetal growth

Upregulated Downregulated

Small fetal growth VS appropriate fetal
growth

- miR-20b-5p
miR-942-5p
miR-324-3p
miR-223-5p
miR-127-3p

Large fetal growth VS appropriate fetal

growth

miR-661 -

miR-197-3p

miR-212-3p

The study suggested that
EVs-miRNAs circulating
in blood plasma in
pregnant women at second
trimester were associated
with fetal growth




