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Abstract 

Extracellular vesicles (EVs), particles enriched in bioactive molecules like proteins, nucleic acids, and lipids, are crucial 
mediators of intercellular communication and play key roles in various physiological and pathological processes. EVs 
have been shown to be involved in ovarian follicular function and to be altered in two prevalent gynecological disor-
ders; polycystic ovarian syndrome (PCOS) and endometriosis.

Ovarian follicles are complex microenvironments where folliculogenesis takes place with well-orchestrated interac-
tions between granulosa cells, oocytes, and their surrounding stromal cells. Recent research unveiled the presence 
of EVs, including exosomes and microvesicles, in the follicular fluid (FFEVs), which constitutes part of the developing 
oocyte’s microenvironment. In the context of PCOS, a multifaceted endocrine, reproductive, and metabolic disorder, 
studies have explored the dysregulation of these FFEVs and their cargo. Nine PCOS studies were included in this 
review and two miRNAs were commonly reported in two different studies, miR-379 and miR-200, both known to play 
a role in female reproduction. Studies have also demonstrated the potential use of EVs as diagnostic tools and treat-
ment options.

Endometriosis, another prevalent gynecological disorder characterized by ectopic growth of endometrial-like tissue, 
has also been linked to aberrant EV signaling. EVs in the peritoneal fluid of women with endometriosis carry mol-
ecules that modulate the immune response and promote the establishment and maintenance of endometriosis 
lesions. EVs derived from endometriosis lesions, serum and peritoneal fluid obtained from patients with endometriosis 
showed no commonly reported biomolecules between the eleven reviewed studies. Importantly, circulating EVs have 
been shown to be potential biomarkers, also reflecting the severity of the pathology.

Understanding the interplay of EVs within human ovarian follicles may provide valuable insights into the pathophysi-
ology of both PCOS and endometriosis. Targeting EV-mediated communication may open avenues for novel diag-
nostic and therapeutic approaches for these common gynecological disorders. More research is essential to unravel 
the mechanisms underlying EV involvement in folliculogenesis and its dysregulation in PCOS and endometriosis, 
ultimately leading to more effective and personalized interventions.
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Introduction
What are extracellular vesicles (EVs): what do they 
do and why are they biologically relevant
Extracellular vesicles (EVs) are evolutionary conserved 
and heterogeneous nano-sized spherical bodies com-
posed of a lipid bilayer and are released by cells into the 
extracellular space [1]. They participate in intracellular 
communication by transporting a wide variety of bio-
active molecules including nucleic acids, proteins, and 
lipids, both locally and systemically [2]. EVs can be fur-
ther subdivided into apoptotic bodies, microvesicles and 
exosomes, and are characterized by their biogenesis, 
release pathways, size, content, and functions [1, 3–5].

Apoptotic bodies, with diameters of 500–5000 nm, 
are produced by cells undergoing apoptosis and contain 
intact organelles and other cytoplasmic components [1]. 
They are known to communicate with immune cells to 
aid in the clearance of inflammation [6, 7]. Microvesicles 
are 100 nm-1000 nm derived vesicles formed by out-
ward budding of the cell membrane through the action 
of cytoskeletal components and fusion machinery includ-
ing SNAREs and tethering factors [1, 3–5, 8, 9]. Because 
of their origin, their protein content closely reflects the 
plasma membrane and includes heat shock proteins, 
integrins and post-translationally modified proteins [10, 
11]. Exosomes are a unique class of EVs based on their 
size (30–150 nm), formation, secretion, and contents. 
They are formed through endosome inward budding and 
are packaged and transported in multivesicular bodies to 
incorporate the cell membrane before being secreted by 
the cell or sent to the lysosome for degradation [1, 12]. 
The formation of multivesicular bodies and exosome for-
mation is regulated through either the “endosomal sort-
ing complex required for transport” (ESCRT) pathway 
[13–15] or an ESCRT-independent mechanism medi-
ated by a sphingomyelinase enzyme [16–18]. Despite 
sharing common markers like tetraspanins CD63, CD9, 
and CD81 with other vesicles, exosomes require detailed 
analysis for accurate identification [19, 20]. Because of 
the overlap in sizes, protein markers, and contents, a 
multistep characterization is essential to assess exosomes 
[1], ideally following the International Society for Extra-
cellular Vesicles guidelines [21]. Exosomes have been 
shown to play an important role in intercellular com-
munication, to serve as disease biomarkers, and to have 
potential in targeted drug delivery due to their stability 
and the ability for them to be bioengineered to target and 
bind to specific cell types [22–31].

In brief, release and uptake of EVs greatly depends on 
biological factors such as: source and recipient cell type, 
physiological state, and the microenvironment. Moreo-
ver, a significant aspect of the research on EVs lies in 
the extensive variation of isolation techniques and cell 

origins. Consequently, it is critical to appropriately iso-
late, enrich and characterize the EV population prior to 
conducting further experiments for biomarker discovery 
or mechanistic studies.

EVs in ovarian follicles
Folliculogenesis is tightly controlled by hormonal and 
intrafollicular signalling and events during the men-
strual cycle [32, 33]. Ovarian follicles undergo a series 
of developmental stages, from primordial follicles to 
mature antral follicles. Oocyte development is a highly 
orchestrated process involving the endocrine system, 
supportive follicular somatic cells (granulosa cells—GCs, 
and cumulus cells—CC), and the oocyte [32]. EVs repre-
sent one route of this crucial intercellular communica-
tion (Fig. 1) [2, 34]. EVs have been found in the follicular 
fluid of patients undergoing in  vitro fertilization (IVF) 
and represent a great opportunity to better understand 
key follicular development events and deepen our knowl-
edge of the signaling pathways, and may help discover 
potential EV biomarkers of oocyte quality [35–42]. This 
review will focus on the roles of EVs in common gyneco-
logical diseases, specifically polycystic ovarian syndrome 
(PCOS) and endometriosis, and their potential clinical 
implications.

Polycystic ovarian syndrome and endometriosis: 
an overview
As reviewed by Shrivastava and Conigliaro in 2022, 
PCOS is a complex, multifactorial, and commonly 
encountered endocrine disorder affecting 6–15% of 
women of reproductive age, characterized by a combi-
nation of hormonal imbalances, menstrual irregulari-
ties, and metabolic disturbances [43, 44]. Patients with 
PCOS often exhibit metabolic disorders, including insu-
lin resistance and increased androgen production, espe-
cially in theca cells; leading to accelerated apoptosis of 
granulosa cells and disrupted folliculogenesis [39, 40, 
43]. Consequently, these disruptions manifest as anovu-
latory cycles, and increased immature follicles, all which 
contribute to infertility [45]. The pathogenesis of PCOS 
is multifaceted and influenced by multiple genetic, envi-
ronmental, and hormonal factors. Obesity, particularly 
visceral fat accumulation, which is more common in 
patients with PCOS, can induce chronic inflammation 
and exacerbate PCOS symptoms [43, 45]. In the past dec-
ades, EVs have emerged as potential key players in PCOS 
pathophysiology and have been touted for their potential 
diagnostic and therapeutic applications.

Endometriosis, another widespread gynecological con-
dition, reviewed by Chapron et  al. in 2019, marked by 
the growth of endometrial-like tissue outside the uter-
ine cavity [46]. This abnormal growth can lead to a wide 
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range of symptoms, including dysmenorrhea, dyspareu-
nia, and infertility. While retrograde menstruation is a 
primary hypothesis, other factors including inflamma-
tory factors, hormone imbalance, genetic and epigenetic 
factors as well as environmental and lifestyle choices 
may be contributing to the disease. However, the exact 
cause of endometriosis remains elusive [46]. Endome-
triosis is strongly associated with infertility because the 
disease can adversely affect the ovary, the oocyte, and 
the endometrium primarily due to chronic and systemic 
inflammation [46–48]. Endometriosis diagnosis remains 
challenging due to the heterogeneity of the disease and 
currently, diagnosis relies on imaging either through 
transvaginal ultrasound or magnetic resonance imag-
ing (MRI), with the gold standard being laparoscopic 
surgery and biopsy [46]. Available therapies manage the 
symptoms and not directly the cause, such as pain man-
agement using non-steroidal anti-inflammatory drugs 
(NSAIDs), and/or hormonal treatments like oral con-
traceptives, progestins, and gonadotropin-releasing 
hormone analogues (GnRHa) [46]. Surgical options 

range from conservative laparoscopic lesion excision 
or ablation to bilateral oophorectomy with or without 
hysterectomy [46]. Amidst the quest for enhanced diag-
nostic tools, EVs have emerged as potential biomarkers 
for endometriosis because lesions have been shown to 
release EVs into circulation and may contain a specific 
signature reflecting the disease state [49].

This review aims to explore the roles of EVs in PCOS 
and endometriosis, shedding light on their potential clin-
ical implications and paving the way for future research 
and therapeutic strategies.

Role of EVs in female reproduction
Origin and types of EVs in ovarian follicles
The oocyte microenvironment is crucial for its develop-
ment and its composition reflects the physiological state 
of the ovarian follicle. The follicular fluid contains a large 
diversity of EVs, and they have been studied as potential 
therapeutic targets or biomarkers [50] and several studies 
have been conducted in animal models to prove the exist-
ence and utility of EVs.

Fig. 1  Schematic of extracellular vesicle signalling in the ovarian follicle (adapted from Kalluri and Lebleu, 2020 [190])
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The size of particles isolated by ultracentrifugation 
from the follicular fluid of patients varied from 5 to 700 
nm with an average concentration of 4 × 1010 particles/
mL [50]. Cryo-Transmission Electron Microscopy (Cryo-
TEM) allowed classification of vesicles in 10 distinct sub-
categories according to Höög and Lötvall’s classification, 
with the majority of the vesicles identified being simple 
round vesicles [51]. Neyroud et  al. 2022 hypothesized 
that the smaller vesicles identified were protein or lipo-
protein complexes [50]. In bovine ovaries, studies have 
shown that EV size was similar in small, medium, and 
large follicles, but their concentration decreased propor-
tionally as the follicle size increased, indicating that big-
ger and more mature follicles do not necessarily contain 
more EVs [52].

EV composition is very diverse and fluctuates during 
the normal menstrual cycle. In animal models, EVs iso-
lated from small, medium, and large antral follicles had 
differed in composition [52–57] and in their capacity to 
induce cumulus cell expansion with EVs derived from 
smaller follicles being more potent [55, 56] and leading 
to a higher rate of meiotic resumption and ovulation [37, 
53, 58–61]. Additionally, the EVs and their cargo respond 
to their environment (e.g. toxins) and are modulated 
accordingly, thus playing a crucial role as environmen-
tal sensors [62]. EVs are produced as a result of a very 
dynamic cell response to stress or physiologic change in 
the ovary’s homeostasis (Fig. 1) [63]. Indeed, it has been 
shown in many animal models that EVs have the capacity 
to be internalized by oocytes, cumulus cells and granu-
losa cells [35, 58, 59, 64, 65].

EVs contain active molecules that have the potential to 
be transferred to the gamete and most likely play a role in 
the development of oocyte RNA content and participate 
in regulating gametogenesis and early embryo develop-
ment [66, 67]. miRNAs carried in FFEVs were predicted 
to target critical elements in important pathways like 
wingless signaling pathway (WNT), transforming growth 
factor beta (TGF-β) and mitogen-activated protein 
kinase (MAPK) [64, 66]. It is unclear how EVs and their 
cargo directly control or influence gene expression, but 
they participate in the crosstalk between the follicle and 
the gamete [50]. EVs interact with their recipient cells by 
direct ligand/receptor binding or fusion with the plasma 
membrane through endocytosis, micropinocytosis, and 
phagocytosis [68–74].

Origin and types of EVs in the endometrium
Intrauterine communication is critical for the develop-
ment of a receptive endometrium and communication 
with the preimplantation embryo is critical in establish-
ing the implantation site and invasion. Dysregulation of 

the menstrual cycle is common in both PCOS and endo-
metriosis [43, 44, 46].

By its dynamic nature, the endometrium needs to com-
municate with its environment to achieve the ideal tim-
ing for one of its principal roles: receiving the conceptus. 
It has been shown and reviewed in the past that one 
important mechanism of endometrial communication is 
through EV production and secretion [75, 76]. To under-
stand the relevance of endometrial EVs, multiple stud-
ies have been conducted in animal models using uterine 
fluid [77–82], revealing how EVs production and secre-
tion are dependent on the environment, physiological 
state, and many other stimuli, such as hormonal changes. 
In humans, a study was conducted to correlate RNA iso-
lated from an endometrial biopsy with EV derived RNA 
from a matched uterine fluid sample [83]. They were able 
to show a highly significant correlation between both 
transcriptional profiles, highlighting the relevance of EVs 
as a way to reflect endometrial health [83]. However, in 
the context of implantation, animal models paved the way 
towards our understanding of EV function and distribu-
tion. Indeed, it was demonstrated in sheep that endo-
metrial EVs were taken up by conceptus and vice versa 
[77], demonstrating the existence of bidirectional cross-
talk between the endometrium and the embryo through 
EVs. The dynamics of embryo-endometrium crosstalk 
has been extensively reviewed and is not the focus of this 
review [84–88].

EV cargo and normal functions in female reproduction
Recruitment, development, and maturation of the folli-
cle and oocyte within it are highly dependent on a coor-
dinated response to hormonal stimuli. It is critical that 
there is efficient and accurate communication between 
the supportive somatic cells and the oocyte for the suc-
cessful maturation of the oocyte. Furthermore, the cycli-
cal nature of the uterus and one of its most important 
functions, implantation, also require a tightly regulated 
environment and controlled communication. This com-
munication is, in part, thought to be achieved through 
the exchange of nucleic acids (specially sncRNAs), pro-
teins, lipids, and carbohydrates between cell types via EV 
release and uptake [89].

Nucleic acids: sncRNAs, mRNAs, etc
The most well characterized EV cargo is the small non-
coding RNAs (sncRNAs). These sncRNAs are defined as a 
group of RNAs species of less than 300 nucleotides (nt) in 
length [90, 91]. Encapsulation of sncRNAs in EVs protect 
them from degradation, thus they are considered more 
suitable biomarkers, as they may better reflect the true 
physiological state of the body [92]. sncRNAs include, 
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among others, small nucleolar RNAs (snoRNAs), trans-
fer RNAs (tRNAs), small nuclear RNAs (snRNAs), piwi-
interacting RNAs (piRNAs), circular RNAs (circRNAs) 
and the most studied biotype, microRNAs (miRNAs) 
[91]. miRNAs, 19–25 nt long, interact with the 3’UTR of 
target messenger RNAs (mRNAs) to suppress expression 
[93]. However, they have been reported to interact with 
other regions like 5’UTR, coding sequences and gene 
promoters [94]. miRNAs play an essential role in a vari-
ety of biological processes and an aberrant expression of 
miRNAs is associated with many human diseases [93, 95, 
96]. sncRNAs in EVs have been more extensively studied 
in the recent years, however more than 90% of circulating 
miRNAs are outside EVs and are associated with proteins 
like AGO2, nucleophosmin 1, and high-density lipopro-
tein (HDL) [97]. The mechanisms controlling the incor-
poration of sncRNAs into EVs are multifaceted and may 
involve post-transcriptional modifications, subcellular 
localization, and intracellular concentration. These col-
lectively contribute to the heterogeneity observed in EV 
composition [98].

Recently, we developed a sequencing method that allows 
investigation of the whole FFEV sncRNAome from a sin-
gle human follicle [37]. We showed that miRNAs were 
the most abundant biotype of sncRNAs in the EVs and in 
the depleted FF, followed by tRNAs, protein-coding frag-
ments and long non-coding RNAs (lncRNAs) [37]. There 
is also a specific enrichment of miRNAs in FF exosomes 
compared to other RNA biotypes [37]. This technique 
allows one to investigate the whole sncRNAome through-
out follicular development, various pathologies, and can 
be used to identify possible biomarkers of oocyte matura-
tion, embryo development, or implantation.

Focusing on miRNAs, the most extensively studied cat-
egory of sncRNAs, Martinez et al. have investigated the 
link between FFEVs and IVF outcomes [99]. Using micro-
array, they were able to detect 320 miRNAs in their sam-
ples, but only 22 were present in 100% of their patients 
[99]. They identified 12 miRNAs that were significantly 
different between normal and failed fertilization. miR-
122 was the most under-expressed while miR-210 was 
the most over-expressed in the failed fertilization group, 
compared to control [99]. Pathway analysis on the 22 
miRNAs present in all samples revealed significant 
enrichment in endoplasmic reticulum protein process-
ing, cell cycle, and TGF-β signaling [99]. Another group, 
Santonocito et  al., found 32 specific miRNAs in FFEVs 
using microarray and these miRNAs were predicted to 
target key elements in pathways including: WNT signal-
ing, TGFβ, and MAPK pathways; all which play a crucial 
role in follicular development [67]. Some miRNAs were 
found only in the FFEVs and not in the EV-free fraction 

of the FF [67]. Both studies identified miRNAs associ-
ated with the TGF-β pathway, a crucial pathway in ovar-
ian signaling [100]. While another review has delved into 
the significance of the free FF miRNAs as biomarkers for 
female reproductive potential, which is outside the scope 
of this review [101].

Animal models have been critical in elucidating the 
role of sncRNAs in ovarian cell communication. Matsuno 
et al., used a porcine model to investigate the full-length 
mRNA composition of porcine FFEVs [102]. Their work 
identified 11,304 transcripts, which were mainly associ-
ated with metabolic pathways, pathways in cancer biol-
ogy, and PI3K-Akt signaling pathway. Among the most 
abundant mRNAs in FFEVs were EEF1A1, RPS27 and 
RPL34 [102]. In bovine follicles, small RNAseq identified 
a large number of known and novel miRNAs that were 
dependent on follicle’s size and the miRNAs found in 
the small follicles were associated with cell proliferation 
pathways while miRNAs from larger follicles were associ-
ated with inflammatory response pathways [52]. Moreo-
ver, in bovine FFEVs, Sohel et al. have identified, using a 
microarray, 25 differentially expressed miRNAs between 
growing vs fully grown follicles, with predictive targets in 
pathways like ubiquitin mediated proteolysis, neurotro-
phins signaling, MAPK signaling, as well as TGF-β sign-
aling pathway [64].

As for endometrial EVs, most of the research con-
ducted has been focused on describing EV RNA cargo 
during the window of implantation and, as mentioned 
above, there is a high correlation between endometrial 
biopsy RNA and EV-derived RNA [83]. Giacomini et al. 
also demonstrated differences in the uterine fluid EV 
transcriptome from non-receptive and receptive phases 
of fertile patients, as well as patients with successful ver-
sus failed implantation following ART procedures [83]. 
Interestingly, they showed that uterine fluid EVs isolated 
from patients in their receptive phase were enriched in 
transcripts associated with the immune response, such 
as neutrophil mediated immunity, adaptive immune 
response, and regulation of cell-to-cell adhesion. More-
over, they showed that patients who did not achieve 
pregnancy were enriched in transcripts associated with 
pro-inflammatory processes, such as TNF superfamily 
cytokine production, natural killer cell activation, and 
response to type I interferon [83]. The same group has 
also reviewed the potential of using EVs as a diagnostic 
tool in assisted reproduction [103].

Altogether, research conducted on EV nucleic acids has 
demonstrated their functional significance and relevance 
in the study of female biology and highlighted their role 
as potential biomarkers of reproductive functions and 
pathologies.
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Proteins
The protein cargo of EVs can be highly diverse and con-
text specific. Proteins found in EVs involved in ovarian 
function may include growth factors, enzymes, cytokines, 
extracellular matrix proteins and proteins important for 
cell signaling [35, 99, 104–106]. The bilateral exchange of 
these biomolecules between granulosa cells and oocytes 
has been shown to regulate granulosa cell proliferation, 
response to FSH stimulation, steroid production, and 
oocyte maturation [107, 108].

The foundation of our understanding the signifi-
cance protein exchange via EVs is gleaned from equine, 
bovine and porcine models. Proteomic analysis of mare 
FFEVs using LC–MS/MS revealed 73 proteins, of which 
44 were previously identified in exosomes from bioflu-
ids, including serum, plasma, urine, and saliva [35]. This 
study paved the way for more in-depth proteomic analy-
sis. Indeed, Grzesiak et  al. investigated the differences 
in FFEVs-derived proteins in small, medium, and large 
follicles using mass spectrometry [104]. They identified 
249 proteins with diverse biological functions includ-
ing enzymes, RNA and DNA binding proteins, transport 
proteins, and structural proteins [104]. Pathway analysis 
revealed that the identified proteins were mainly impli-
cated in the integrin signaling pathway, inflammation 
mediated by chemokines and the cytokine signaling and 
Wnt signaling pathways [104]. In bovine, Uzbekova et al. 
did an extensive investigation of the protein content of 
FFEVs and granulosa cells using mass spectrometry and 
they found 322 proteins in FFEVs of which 190 were 
also identified in granulosa cells [105]. More than 91% of 
FFEV proteins overlapped with annotations in the Vesi-
clepedia human EV-proteome database and were associ-
ated with ribosomes, protein and RNA folding, molecular 
transport, endocytosis, signal transduction, complement 
and coagulation cascades, apoptosis, and developmen-
tal biology pathways like PI3K-Akt signalling [105, 109] 
[105]. Moreover, enrichment analysis revealed that GO 
terms related to RNA binding, translation and constitu-
ents of ribosomes were significantly overrepresented, 
including ribosomal proteins and RNA-binding proteins 
(RBPs) [105]. Moreover, their integrative protein analysis 
showed that FFEV may originate from ovarian follicular 
somatic cells, the oocyte, and circulating blood [105].

Conversely, research conducted on endometrial EVs, 
especially in human, have focused on uterine fluid/
uterine flush [110] and/or primary cells isolated from 
endometrial biopsies [75, 76]. Indeed, EVs derived from 
uterine lavage from fertile and infertile patients showed 
an enrichment in proteins implicated in antioxidant 
activity and invasion-related activity [110]. In primary 
endometrial epithelial cells and an endometrial adeno-
carcinoma cell line, Greening et al. showed that in vitro 

estrogen and progesterone treatment changed the exo-
some protein content in the presence of hormonal dys-
regulation [111]. Using mass spectrometry, exosomes 
derived from a human endometrial epithelial cell line 
treated with estrogen (proliferative phase) had pro-
teins implicated in cytoskeletal reorganization, micro-
tubule/actin networks and various signaling cascades 
while proteins in exomes derived from cells treated with 
estrogen and progesterone (receptive phase) were more 
associated with cell adhesion, attachment, migration, 
and organization of extracellular matrix architecture 
[111]. They also showed that trophoblast cells were able 
to internalize endometrial exosomes which led to an 
increase adhesive capacity, assessed by a real-time cell 
adhesion system of electrodes (xCELLigence system, 
ACEA Biosciences) [111].

These studies have set the groundwork for understand-
ing the impact protein transport via EVs has on the fol-
licle and in the uterus. Investigations in humans can use 
these optimized protocols to investigate the EV-derived 
protein contribution to a healthy menstrual cycle or in 
specific pathologies like PCOS and endometriosis.

Lipids
In addition to nucleic acids and proteins, lipids are 
important constituent of EVs. They can act as signal 
transducers, activating second messengers and modu-
lating intracellular pathways [112]. Lipid metabolism is 
essential to female reproductive function and EVs lipid 
composition has been shown to play a role in intercel-
lular communication, immune modulation, and disease 
pathogenesis [113].

Da Silveira et al. determined the lipid profile of FFEVs 
and microvesicles from bovine follicles using mass spec-
trometry and compared the lipid composition of three 
different groups of FF based on the developmental poten-
tial of oocytes obtained from each follicle after parthe-
nogenetic activation: non-cleaved (NCLEAV), cleaved 
(CLEAV) and blastocyst (BLAST) [112]. The lipid profile 
of FFEVs included 14 classes, with the most abundant 
being phosphatidylcholine (PC), sphingomyelin (SM) and 
cardiolipin (CL) [112]. A total of 25 lipids were exclusively 
expressed in the BLAST group, highlighting their impor-
tance in developmental potential associated with oocyte 
maturation [112]. Another study in bovine has found 
that lipids present in the FFEVs were principally asso-
ciated with glycosylphosphatidylinositol (GPI)-anchor 
biosynthesis and glycerophospholipid metabolism [114]. 
Lysophosphatidylcholine (LPC) was the most abundant 
lysophospholipids and is known to mediate different 
pathways by the activation of the MAPK ERKs, playing 
an essential role in follicle growth and oocyte maturation 
[114–116].
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Although FFEV lipids represent only a small propor-
tion of the follicular fluid lipid pool, they may play an 
important role in follicle homeostasis. More research is 
needed to clearly investigate the role of this biomolecule 
in ovarian follicle EV cell–cell communication, especially 
in humans.

Role of EVs in the physiopathology of PCOS
EVs characterization from follicular fluid of patients 
suffering from PCOS
Alterations in communication between the oocyte and 
the somatic cells can lead to deleterious consequences 
and ovarian pathologies, such as PCOS [37, 117–119]. 
Indeed, it has been shown that the circulating EVs [34] 
and the FFEVs contain different biomolecules when 
isolated from patients with PCOS, compared with con-
trols, as reported in Table 1.

Alterations in FF miRNAs from PCOS patients have 
been studied extensively and recently reviewed by Luo 
et al. 2021 [120]. However, recent advances in sequenc-
ing technologies have led to the complete profiling of 
all classes of sncRNAs in follicular fluid exosomes 
[37]. Recently, Wyse et  al. sequenced the sncRNAome 
of FFEVs from patients with PCOS and showed 16 
downregulated and 6 upregulated sncRNAs, but with 
a greater influence of the patient’s adiposity compared 
to the PCOS diagnosis; highlighting that it is critical 
to stratify patients by BMI when assessing the impact 
of PCOS on the follicle [37]. Furthermore, when tak-
ing adiposity into account, 24 sncRNAs were differ-
entially expressed in FFEVs of Obese PCOS vs Obese 
non-PCOS and 26 sncRNAs for Lean PCOS vs Lean 
non-PCOS. This report also recapitulated that the 
profiles of sncRNAs found in FFEVs are distinct from 
those found in matched GCs [37, 98]. They showed a 
unique profile of secreted miRNAs in FFEVs, revealing 
a potential mechanism of miRNA packaging and secre-
tion of miRNAs targeting anti-apoptotic genes in FF 
from PCOS GCs. They proposed that this export may 
be a mechanism for these apoptotic-primed cells to 
release some pressure and attempt to stave off prema-
ture follicle growth arrest, as observed in PCOS [37]. 
Hu et  al. also used RNAseq to investigate three types 
of sncRNAs (miRNAs, piRNAs and tRNAs) in a more 
restricted cohort (2 patients with PCOS and 2 non-
PCOS patients) and reported 10 up and downregulated 
sncRNAs for each subtype and they were associated 
with general cell functions [121].

Another recent study, albeit with a small sample size 
(n = 6), conducted a combined analysis of the miRNAs 
and protein expression profiles of FFEVs from patients 
with PCOS vs. healthy controls [122]. Using a cut-off 
of Log2FC >  ± 1 and p-value < 0.05, they identified 514 

differentially expressed miRNAs, 267 upregulated and 
247 downregulated, mainly implicated in biological 
processes associated with regulation of gene expression 
and metabolisim [122]. For protein analysis, they used 
a Tandem Mass Tag (TMT) technology which allowed 
them to identify 2487 quantifiable proteins, 1051 upreg-
ulated and 1436 downregulated, associated with devel-
opmental processes, protein metabolic processes, signal 
transduction and immune system processes [122]. They 
concluded that the pathways associated with dysregu-
lated expression of miRNAs and proteins in FFEVs were 
mainly involving hormone metabolism, insulin secre-
tion, neurotransmitters regulation, adipokine expression 
and secretion; all pathways known to be altered in PCOS 
physiopathology [122].

miRNAs are the most investigated type of sncR-
NAs, and several studies have identified differentially 
expressed miRNAs in FFEVs isolated from patients with 
PCOS, compared to controls (Table  1). Using RNAseq, 
Cao et  al. identified 44 upregulated and 39 downregu-
lated miRNAs and confirmed the expression by qPCR of 
two of them, miR-143-3p (upregulated) and miR-155-5p 
(downregulated) [123]. On the other hand, Rooda et  al. 
reported no differentially expressed (FDR < 0.05) miR-
NAs in FFEVs of patients with PCOS compared to non-
PCOS patients [98]. However, using a more permissive 
cut-off (p-value < 0.05), they identified seven differentially 
expressed miRNAs and 13 pathways using target predic-
tion and pathway analysis, like IGF1R signaling pathways, 
cellular response to heat stress and signaling by ERBB2 
[98]. Altered miRNAs in FFEVs of patients suffering from 
PCOS were miR-200c-3p and miR-17-5p [98], also pre-
viously identified to be altered in the FF of patients with 
PCOS [124, 125], albeit not specifically in exosomes. 
Other groups used microarray technologies to identify 
differentially expressed miRNAs, one identified 25 dif-
ferentially expressed miRNAs in FF exosomes of patients 
with PCOS using p-value < 0.05 and among those, 19 
were upregulated and 6 were downregulated in PCOS vs 
Control [126]. Meanwhile Cui et al. identified 27 upregu-
lated and 41 downregulated miRNAs also using a micro-
array technology [127].

Other sncRNAs have also been investigated, namely 
lncRNAs [37, 128], piRNAs and tRNA [121]. Wang et al. 
identified 1253 upregulated and 613 downregulated 
lncRNAs in exosomes of patients with PCOS, com-
pared to controls and the top three confirmed upregu-
lated lncRNAs were H19, POP4 and DICER [128]. Wyse 
et  al. also investigated lncRNAs found in FFEVs and 
they made the distinction between patients suffering 
from PCOS, with and without obesity [37]. Interestingly, 
CDC42-AS1, was upregulated in lean PCOS vs lean 
non-PCOS, but downregulated in obese PCOS vs obese 
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non-PCOS [37]. CDC42 is a member of the Rho-GTPase 
family and plays a critical role in the female reproduc-
tive system [129]. CDC42 has also been implicated in the 
establishment of polarity in oocytes, chromosome seg-
regation, and ensuring correct gametogenesis [130]. Hu 
et al. also investigated piRNAs and tRNAs and reported 
10 up and 10 downregulated for each of them (see 
Table 1 for top 3) [121].

Functional experiments have also been conducted to 
investigate the role of specific miRNA in PCOS. One 
study demonstrated that miRNA-424-5p found in FFEVs 
from patients with PCOS can induce granulosa cell 
senescence [126], and another study showed that FFEVs 
from patients with PCOS had the ability to significantly 
decrease mouse oocyte maturation, affect mitochon-
drial distribution, impact spindle formation, and increase 
reactive oxygen species level in oocytes [131]. Further-
more, a systematic and comprehensive mechanistic 
study into the function of miR-379-5p demonstrated a 
follicular stage-dependent mechanism which is tightly 
controlled by androgen concentration [40]. Salehi et  al. 
demonstrated that, under non-PCOS conditions, the 
high intracellular concentration of miR-379-5p inhib-
its proliferation in both the preantral and antral follicles 
[40]. However, under high-androgen conditions, similar 
to what is observed in PCOS, miR-379-5p is selectively 
packaged into exosomes and released from the GCs in 
the preantral but not antral stage. The reduced intracellu-
lar miR-379-5p concentration removes PDK1 inhibition, 
allowing for GC proliferation in the preantral follicle. 
However, this exosome release is not observed under 
androgen excess in the antral follicle and thus, repression 
of PDK1 and suppression of antral follicle development 
occurs [40]. Therefore, androgen excess promotes pre-
antral follicle growth but inhibits antral follicular devel-
opment and cell proliferation, a phenomenon similar to 
what is observed in PCOS [40]. Recently, exosomes engi-
neered and selectively loaded with miR-379-5p have been 
shown to be a potential in vivo therapy for breast cancer, 
opening the possibility to also be a useful technology for 
the management of PCOS [132].

Among all studies reported in Table  1, some biomol-
ecules were reported in multiple studies investigating 
the FFEV cargo from patients with and without PCOS. 
Indeed, miR-379 was reported as downregulated in two 
studies [39, 122] and its gene ontology reports its involve-
ment in triglycerides homeostasis, response to insulin, 
and regulation of very-low-density lipoprotein particle 
clearance, among others [133]; all processes known to 
be associated with metabolic disorders, like PCOS. On 
the other hand, miR-200c was also reported in two stud-
ies, but its expression pattern was not consistent with, 
one study reporting up-regulation [98] while the other 

reported a down-regulation [121]. miR-200c has been 
reported to be involved in the negative regulation of 
cytokine production, including of interleukin-33 (IL-33) 
and of the vascular endothelial growth factor receptor 
(VEGFR) signaling pathway among others [134].

Taken together, the intricate communication between 
oocytes and somatic cells in PCOS patients reveals sig-
nificant alterations in the sncRNA profile of FFEVs. miR-
NAs, which have been extensively studied, show both 
similar and disparate expression between the studies 
reviewed. Other classes of sncRNAs, including lncRNAs, 
piRNAs, and tRNAs, are less studied and understood but 
still enrich our understanding, and through functional 
experiments, are a promising avenue to understand the 
hallmarks of PCOS.

EVs and their role in inflammation associated with PCOS
PCOS has a major inflammatory component and many 
studies have demonstrated that PCOS patients have 
chronic, low-grade inflammation [135]. The somatic cell 
state in a follicle is very important for follicular growth 
and oocyte maturation. Thus any inflammatory media-
tor abnormalities in those cells, including granulosa cells, 
might impair oocyte development and quality [136]. 
Cytokines and other inflammatory markers are carried 
by EVs [4] and they include interleukin-1β (IL-1β) [137], 
IL-1α [138], IL-18 [139], IL-32 [140], tumor necrosis fac-
tor alpha (TNF-α) [141]and IL-6 [142].

Granulosa cells from patients with PCOS showed an 
increased expression of TNF-α, interferon gamma (IFN-
γ) and decreased expression of IL-10 [143]. Treatment 
with mesenchymal stem cells (MSCs)-derived exosomes 
rescued the PCOS pro-inflammatory state by reducing 
pro-inflammatory cytokine expression and increasing 
anti-inflammatory cytokine expression in granulosa 
cells [143]. Moreover, MSC-exosomes and conditional 
medium inhibited apoptosis and promoted progester-
one production in PCOS granulosa cells demonstrat-
ing the plasticity and reactivity of granulosa cells to 
exosomes [143].

Critical to control of the follicular inflammatory state 
is the polarization of follicle-residing macrophages. It has 
been demonstrated that under hyperandrogenism, folli-
cular macrophages are in the proinflammatory M1 state 
and the ratio of M1/M2 is increased due to reduction 
in anti-inflammatory M2 macrophages [144]. Further-
more, a recent study has implicated androgen induced 
granulosa cell derived EVs containing miR-379-5p inhibit 
M2 macrophage polarization, leading to an increase 
in the M1/M2 ratio and secretion of the proinflamma-
tory cytokine galectin-3 [39]. Further, the release of 
macrophage-derived galactin-3 was shown to reduce 
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granulosa cell proliferation in a follicle stage-dependent 
manner [39]. Further studies on the regulatory mecha-
nisms of inflammation in PCOS may provide future tar-
gets to mitigate the premature follicular apoptosis and 
improve oocyte quality in PCOS patients.

A proteomic analysis of FFEVs from patients with 
and without PCOS identified 86 differentially expressed 
proteins associated with: inflammatory processes, reac-
tive oxygen species, metabolic processes, cell migration 
and proliferation [145]. Among the identified proteins, 
S100-A9 was further investigated and S100-A9 enriched 
exosomes led to an increased expression of proinflam-
matory mediators like TNF-α, IL-1, IL-6, and MCP-1 in a 
granulosa cell line, supporting the contribution of inflam-
mation to PCOS physiopathology [145].

These studies established a clear contribution of inflam-
mation to PCOS and hypothesized on how EVs could 
also be used to alleviate inflammation in this pathology, 
however further in-depth studies are warranted with a 
specific focus on additional treatments to relieve inflam-
matory pressure in the follicle.

EVs as circulating biomarkers and potential treatment 
for PCOS
For many years, EV-derived miRNAs have been inves-
tigated as potential biomarkers of PCOS. EVs enriched 
from both serum and FF have been shown to be corre-
lated with PCOS status. However, to date, no robust and 
universal panel of biomarkers have been successfully 
introduced into the clinical setting.

A study has shown that patients with PCOS have an 
elevated concentration of circulating annexin-V-positive 
microparticles with an altered miRNA profile, com-
pared to healthy patients [146]. miRNAs were analyzed 
and 16 differentially expressed miRNAs were identified 
in the low abundant miRNAs while there was no differ-
ence among the high abundant miRNAs [146]. Among 
those differentially expressed miRNAs, miR-1293, miR-
551a and miR-574-3p target cellular functions relevant 
in PCOS physiopathology. miR-1293 has been shown to 
target peroxisome proliferator-activated receptor gamma 
(PPAR-γ) and co-activator (PPARGCA1), an important 
regulator of glucose homeostasis [147]. miR-511a tar-
gets hexose-6-phosphate dehydrogenase (H6PD) and 
miR-574-3p interacts with the follicle-stimulating hor-
mone beta-subunit (FSHB) and follicle-stimulating hor-
mone receptor (FSHR), all molecules implicated in the 
physiopathology of PCOS [146, 148, 149]. In addition, 
four exosomal circular RNAs (circRNAs) were differen-
tially expressed in FF of patients with PCOS compared 
with controls. Circ_0044234 was overexpressed, while 
circ_0006877, circ_0013167 and circ0008285 were 
decreased in PCOS FF [150]. To further confirm their 

biological relevance, circ_0008285 showed the ability to 
complex with miR-4644 to promote the expression of 
LDLR, thereby potentially affecting granulosa cell choles-
terol metabolism in PCOS [150].

Recently, there have been efforts to identify EVs as a 
potential therapy for PCOS [151]. Park et  al. demon-
strated that treating with MSC-derived EVs reduced 
androgen production in  vitro[152]. Furthermore, using 
a letrozole-induced PCOS mouse model treated with 
either intravenous-EVs or intraovarian-injected EVs, 
they demonstrated a reduction in weight, blood glucose, 
androgen levels, LH levels, the number of cystic follicles, 
and most strikingly a restoration of fertility [152]. The 
authors did not investigate the mechanism, however they 
hypothesized that MSC-derived EVs delivering the anti-
inflammatory cytokine IL-10 to the cell surface is the key 
molecule to rescue the PCOS phenotype [152]. A clinical 
trial has been registered to evaluate the efficacy of MSC-
derived EVs for this purpose. While this work has only 
been demonstrated to be effective in a mouse model, it 
was demonstrated to be a promising advance towards 
developing novel approaches to treating PCOS.

The evidence presented above supports the hypothesis 
that EVs are enriched in active biomolecules that play a 
pivotal role in ovarian cell communication and can con-
tribute to the aberrant folliculogenesis, metabolic distur-
bances and increased inflammation observed in patients 
with PCOS.

Role of EVs in the physiopathology 
of endometriosis
EVs characterization from endometriosis lesions or serum 
of patients suffering from endometriosis
It is well established that EVs released from the endo-
metrium of patients with endometriosis are different 
compared to control patients without endometriosis 
[153–156]. The prevailing hypothesis suggests that EVs 
potentiate the migration and implantation of endome-
trial cells during retrograde menstruation with a distinct 
immune contribution, leading to inhibited clearing of 
invading endometrial cells, in a similar fashion to cancer 
cells EVs [49, 106]. Consequently, endometriosis lesions 
can affect multiple organs and EVs secreted from them 
can be found in several biological fluids like FF, perito-
neal fluid, uterine cavity fluids, and serum (Table 2).

Research aimed at elucidating the secretion and molec-
ular contents of EVs in endometriosis typically involves 
isolating primary endometrial stromal cells (ESCs) from 
both ectopic and eutopic endometrial tissue. These cells 
are then used to establish cultures and to collect EVs 
secreted from spent culture media. Several studies used 
RNAseq of the EV miRNA cargo and showed a different 
exosomal miRNA expression in endometriosis lesions 
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compared to control biopsies [155–159]. Indeed, on top 
of the identified differentially expressed sncRNAs and 
mRNAs identified, Wu et  al. established a regulatory 
network based on the expression of circRNAs, miR-
NAs and mRNAs. They then validated the expression 
of the key players identified, namely an up-regulation of 
circ_0026112309 and ATP6V1A, and a down-regulation 
of miR-15a-5p in samples from patients with endome-
triosis compared to controls [158]. Zhou et al. also inves-
tigated the miRNA content of exosomes isolated from 
moderate to severe lesions (stage III/IV), compared to 
controls using RNAseq. They identified 26 upregulated 
and 23 downregulated miRNAs [156]. There have also 
been reports profiling the differences between early-stage 
(stage I/II) and advanced-stage (stage III/IV) lesions 
compared to healthy endometrium and they identified a 
similar number of differentially expressed miRNAs in in 
these groups, compared to controls [160]. Other groups 
have also investigated specific miRNAs found in EVs 
secreted from endometriosis lesions, such as miR-21-5p, 
a pro-angiogenic miRNA [155], however, this miRNA 
alone is not specific to one pathology and is reported to 
be altered in various pathologies [161, 162]. Different 
biological fluids have also been used to isolate EVs and 
investigated their content in the context of endometrio-
sis. Indeed, Jiang et al. isolated EV miRNAs from uterine 
cavity fluid and identified 7 upregulated and 2 downregu-
lated miRNAs cited in Table 2 [163].

In addition to sncRNAs, proteomic studies have been 
conducted on peritoneal fluid exosomes from patients 
with endometriosis and controls [164] and directly from 
endometriosis lesions [157]. In the peritoneal fluid, five 
proteins were exclusively found in EVs from patients with 
endometriosis: PRDX1, H2A type 2-C, ANXA2, ITIH4 
and tubulin α-chain [164]. From endometriosis lesions, 3 
upregulated (RAN, FTH1 and UBB) and 6 downregulated 
(top 3: HEL70, MMP2, HEL-S-1) proteins were identified 
[157]. Qui et  al. specifically studied the lncRNA, aHIF, 
in circulating exosomes and those secreted from ectopic 
endometrium. Exosomal aHIF was found to be upregu-
lated in patients with endometriosis [159]. Another study 
also investigated miRNAs and lncRNAs in endometriosis 
and showed an increased number of proteins associated 
with the immune system, metabolic processes, and coag-
ulation pathways compared to healthy fertile patients; 
thus demonstrating the influence of this specific condi-
tion on EVs protein cargo [154].

Furthermore, EV content from plasma or serum of 
patients with endometriosis may also contribute to our 
understanding of its pathology. Using microarray, Wu 
et  al. identified 26 upregulated and 19 downregulated 
miRNAs in the serum of patients with endometriosis 
compared to controls. Whereas, Zhang et  al. identified 

19 upregulated and 6 downregulated miRNAs. Func-
tional studies on EVs from patients with endometriosis 
indicated a significant impact on other cells important in 
the physiopathology of the disease. Endometrial stromal 
cells (ESCs) and epithelial cells (ESC) from patients with 
and without endometriosis were isolated and cultured 
with human umbilical vein endothelial cells (HUVECs) 
to investigate the angiogenic potential of EVs isolated 
from endometriosis ESCs [155] or EECs [154]. Treatment 
of HUVECs with EVs isolated from endometriosis ESCs 
showed an increased ability to form branches and pro-
mote tube formation [155]. Moreover, Sun et al. showed 
that exosomes derived from endometriosis lesions can be 
internalized by both HUVECs and dorsal root ganglion 
(DRG) neurons; and they enhanced neuroangiogenic 
activities of these cells [165].

miR-130b was the only miRNA upregulated in two 
studies [160, 163]. This miRNA has been reported to be 
important in human and bovine granulosa cell viability 
and proliferation [166]. They also showed that an inhi-
bition of miR-130b expression during oocyte in  vitro 
maturation led to reduced maturation rate and blastocyst 
formation [167]. However, miR-130 is implicated in a 
plethora of cellular mechanisms [168–171], therefore, the 
specificity and sensitivity of this potential marker would 
need to be assessed to consider it as a clinically useful 
biomarker of endometriosis.

EVs and their role in inflammation associated 
with endometriosis
The role of inflammation in the physiopathology of 
endometriosis has been of great interest, not only with 
the goal of improving our understanding of the biologi-
cal mechanisms underlying the pathology, but also for 
developing more targeted treatments. Studies compiled 
in Table 2 highlighted a strong inflammatory component 
in patients with endometriosis, compared to controls 
[154, 160, 172].

Indeed, EVs isolated from immortalized endometriotic 
epithelial cells showed increased expression of granu-
locyte colony-stimulating factor (G-CSF) and TNF-α, 
when cultured with endothelial cells [154]. Furthermore, 
it has been shown that exosomal miR-22-3p derived 
from peritoneal macrophages was able to increase pro-
liferation, migration, and invasion of ectopic endome-
trial stromal cells through SIRT1/NF-кB signaling [172]. 
Moreover, macrophage polarization is modified through 
PI3K upregulation and PTEN downregulation when 
treated with lesion-derived exosomal miR-301a-3p [173]. 
Exosomes isolated from the uterine cavity exhibited 
potential mutual influence with immune cells on endo-
metriosis lesions, suggesting a global immune dysregula-
tion is involved in endometriosis pathophysiology [163].
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EVs carry a variety of pro- and anti-inflammatory 
mediators that can contribute and actively participate in 
the disease [174]. Moreover, recent reviews have reported 
modulatory functions of EVs on immune cells, includ-
ing lymphocyte T, Natural Killer (NK)-cells, dendritic 
cells, and macrophages [175, 176]. Furthermore, EVs 
derived from endometriosis lesions are able to induce 
an increased expression of IL-1β, IL-18 and TNF-α 
cytokines, among others [157]. In addition to identifying 
miRNAs associated with inflammatory pathways, Chen 
et  al. showed an increase in chemokine (C-X-C motif ) 
ligand 1 (CXCL1), CXCL2, monocyte chemoattractant 
protein 1 (MCP-1), MCP-3 and hepatocyte growth fac-
tor (HGF). They also showed an increase in monocytic 
myeloid-derived suppressor cells and T-reg cells in the 
peritoneal fluid of patients with endometriosis [160].

Altogether, these recent advancements improve our 
understanding of the pathophysiology of endometriosis 
and highlight the important contribution of inflamma-
tion to the disease. This opens the door to the develop-
ment of potential EV therapies targeting inflammation 
to alleviate endometriosis symptoms and inhibit lesions 
growth.

EVs as biomarkers and potential treatment 
for endometriosis
The diagnostic and prognostic potential of EVs has led 
to an increase in EV research in the past decade [42]. A 
recent review collected the research and advancements 
made in past years on the differences found in EV cargo 
between patients with and without endometriosis and 
their potential therapeutic effects [49]. As described, a 
great number of biomolecules have been shown to be dif-
ferentially expressed in samples from patients with endo-
metriosis, compared to control. However, only a few have 
the potential to become a clinical biomarker and/or to be 
used as part of a therapeutic strategy.

In that sense, a recent review investigating the role of 
EV-miRNAs in endometriosis compiled 14 studies that 
identified differentially expressed miRNAs, highlight-
ing the great potential of these molecules as biomark-
ers and therapies [153]. Of note, the study conducted by 
Khalaj et al. showed a unique miRNA-lncRNA signature 
in EVs, including exosomes, isolated from eutopic and 
ectopic endometriosis lesions as well as peripheral blood 
[154]. They identified 14 miRNAs differentially expressed 
between EVs isolated from ectopic endometriosis lesions 
and eutopic endometrium, compared with control endo-
metrium from normal healthy fertile patients, and 21 
miRNAs differentially expressed in plasma-derived EVs 
[154]. Three miRNAs were differentially expressed in both 
patient plasma- and tissue-derived EVs, making them 

potential diagnostic markers (miR-375, miR-27a-3p and 
miR-30d-5p). Pathway union analysis revealed that these 
miRNAs are associated with lysine degradation, hippo 
signaling pathway, protein processing in endoplasmic 
reticulum, and viral carcinogenesis [154]. Zhang et al. also 
showed that miR-223p and miR-320a-39 were elevated 
in serum-derived EVs from patients with endometriosis, 
compared to controls [172]. Wu et al. utilizing qRT-PCR, 
confirmed these sequencing results and demonstrated 
that miR-26b-5p, miR-215-5p and miR-6795-3p were dif-
ferentially expressed in serum-derived EVs from patients 
with endometriosis compared to controls [177].

As for diagnostic purposes, only a subset of studies has 
reported on the sensitivity and specificity of EV biomarkers. 
These include: vascular endothelial growth factor C (VEGF-
C) (sensitivity 81.3%/specificity 71.4%) [178], lncRNA RP3-
399L15.2 (sensitivity 67%/specificity 98%), a combination 
of lncRNAs RP3-399L15.2 and CH507-513H4.6 (sensitiv-
ity 80%/specificity 85%) [179], a combination of miR-320a 
and miR-22-3p (sensitivity 80%/specificity 80%) [180] and 
pseudogene LGMNP1 (sensitivity 93%/specificity 76%) [49, 
181]. These studies are a promising start towards utilizing 
EVs and their cargo as biomarkers for endometriosis. With 
further optimization and reduction in the cost, more stud-
ies will be possible to assess the utility and performance 
of these molecules, individually, or in a multi-analyte 
approach, as diagnostic biomarkers.

Further promising developments involve utilizing EVs 
as potential therapies for endometriosis. It has been dem-
onstrated that EVs can inhibit angiogenesis, migration, 
and invasion of endometriosis in mouse models [182, 
183], and the specific EV-derived miR-214-3p down-
regulates fibrosis in a mouse model [184]. Another study 
showed that EV-derived miR-301a-3p is overexpressed 
in endometriosis lesions compared with serum from 
healthy controls. They also showed that downregulation 
of this miRNA in EVs influenced macrophage polarity by 
increasing the number of M2 macrophages and reducing 
the phagocytosis capacity [49, 173]. Moreover, normal 
endometrial epithelial cells-derived exosomes have been 
used to deliver miRNA-30c to endometriosis-associated 
ectopic endometrial epithelial cells in vitro, and they sup-
press their invasion and migration activity [153, 185].

The investigation of EVs within the context of endo-
metriosis has provided valuable insights in the physi-
opathology of the condition, their role in mediating 
inflammation, and their potential use as biomarkers or 
treatments.

Conclusion
The intricate interplay between EVs and the cellular com-
ponents of ovarian follicles has a crucial role in folliculo-
genesis, oocyte maturation, and overall ovarian function. 
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The exploration of EVs in the context of PCOS and endo-
metriosis has unveiled a multifaceted landscape of inter-
cellular communication that can potentially be used as 
biomarkers and/or novel therapies.

The significance of this study lies in its comprehensive 
analysis of the role of EVs in these conditions, highlight-
ing their potential as both diagnostic and therapeutic 
targets. By providing a detailed examination of EV cargo, 
including miRNAs, proteins, and lipids, this review offers 
valuable insights into the molecular mechanisms under-
lying PCOS and endometriosis.

Summary of the key findings
This review concatenated the studies investigating bio-
fluid-derived EVs from women with two prevalent gyneco-
logical disorders, PCOS and endometriosis. All studies 
showed that miRNAs are the most abundant sncRNAs in 
their analyses, regardless of the tissues analyzed (FF, endo-
metrial biopsy/endometriosis lesions, etc.) [37, 154].

For PCOS, we included 9 articles using different iso-
lation and sequencing methods for FFEVs, investigating 
different sncRNAs, miRNAs being the most studied of 
them. Only two miRNAs were common between studies; 
miR-379 being downregulated in two studies [39, 122] 
and miR-200 being upregulated in one [98] and down-
regulated in another [121].

For endometriosis, we included 11 studies that used 
different isolation and sequencing methods, but also on 
different biological sources, including cultured primary 
cells isolated from endometriosis lesions, peritoneal fluid, 
uterine cavity fluid and serum. There was one miRNA 
common to two studies, miR-130b being upregulated 
[160, 163].

PCOS and endometriosis are distinct clinical entities, 
however they share several pathophysiological mecha-
nisms, including hormonal imbalances, chronic inflam-
mation, and metabolic disturbances. Interestingly, when 
comparing both gynecological disorders, miRNAs from 
the miR-30 and miR-15 families were common to PCOS 
and endometriosis, namely miR-30a and miR-15b in 
PCOS and miR-30d and miR-15a in endometriosis. The 
miR-30 family miRNA has been reviewed in the past and 
has shown to be implicated in the reproductive system 
and several inflammatory disorders [186, 187]. On the 
other hand, miR-15 levels in FF have been correlated with 
poor ovarian response, decreased granulosa cell prolifer-
ation and promotion of apoptosis [188].

Limitations and future directions
This review included studies on gynecological disorders 
compared to control patients, however the definition 
of the compared control group is often limited by the 
fact that the patient did not present with that specific 

condition, but are undergoing IVF treatment for infer-
tility which maybe stemming from other gynecologi-
cal abnormalities, potentially confounding the results. 
Specifically regarding endometriosis, if the patient did 
not have a diagnostic laparoscopic procedure, it cannot 
be certain that they do not have this condition as it can 
often be associated with minimal symptoms or asymp-
tomatic. With respect to PCOS, there is a spectrum of 
cases from more mild cases to more severe. Addition-
ally, the dynamic nature of these conditions necessitates 
longitudinal studies to capture the temporal changes in 
EV composition and function, offering a more compre-
hensive understanding of their involvement in disease 
progression in the menstrual cycle. Moreover, since most 
studies include patients with a severe form of the pathol-
ogy, future studies will also need to assess the perfor-
mance of any potential diagnostic biomarkers in medium 
to mild presentations. The majority of the studies cited 
here on endometriosis used the revised American Soci-
ety of Reproductive Medicine (rASRM) classification sys-
tem [189], but not all of them.

Another technical limitation for most of the published 
studies is the low numbers of samples explained by the 
relatively high costs of FF harvesting, EV isolation and 
analysis, and sequencing costs. To further increase the 
complexity, EV isolation can require specialized equip-
ment not practical for clinical settings and several meth-
odological variations in isolation and characterization 
techniques pose challenges in achieving standardized 
and reproducible results. However, implementing the 
ISEV guidelines is crucial to achieve a standardization of 
the characterization of EV subtypes. However, this can 
be sample and cost prohibitive when dealing with patient 
samples [21].

In conclusion, the study of EVs in ovarian follicles and 
their implications in PCOS and endometriosis not only 
deepens our understanding of reproductive physiol-
ogy and pathology, but also opens avenues for potential 
diagnostic and therapeutic advancement for these condi-
tions. Future research directions should focus on refining 
methodologies, standardizing, and validating protocols, 
and establishing a consensus on EV nomenclature and 
characterization criteria. Further clinical studies need 
to be performed and validated to unlock the potential of 
EVs as biomarkers or for therapeutics.
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