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Background: Numerous changes in maternal physiology occur during pregnancy that are critical in controlling and maintaining the maternal metabolic adaptations and fetal development. The placenta is the key source through which the fetus receives
nutrients, blood, and oxygen for growth. The human placenta releases several molecules into maternal circulation that include
hormones, proteins, RNA, and DNA throughout the course of pregnancy. Additionally, extracellular vesicles (EVs) originating from
the placenta have been found in the maternal circulation.
Methods: In this review, we discuss the role of EVs in maternal-fetal communication during pregnancy.
Results: EVs originating from the placenta can be divided into 3 categories based on their size and/or origin: exosomes (50 to
150 nm), microvesicles (nm to several μm), and apoptotic bodies or syncytial nuclear aggregates (>1 μm). The cellular
microenvironment—such as oxygen tension and glucose concentration—have been found to control EV release from the placenta and their bioactivity on target cells. Furthermore, maternal EVs can stimulate cytokine release from endothelial cells and are
involved in several physiologic and pathologic events in pregnancy.
Conclusion: Exosomes provide a way to identify the function and metabolic state of cell origin through their ability to reflect
the microenvironment that they are released from. Further understanding of how EVs regulate key events in pregnancy may help
elucidate how maternal-fetal communication is established in both normal and pathologic conditions.
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INTRODUCTION
The human placenta develops from the implantation
of the blastocyst into the uterine wall and becomes
a critical transient organ that is unique to pregnancy.1
The placenta provides nutrition, gas exchange, waste
removal, and immune support for the fetus and also mediates molecular exchange between the maternal and fetal
systems.2
The placenta is the home of trophoblast cells that can
be subcategorized as cytotrophoblasts, extravillous trophoblasts, or syncytiotrophoblasts. The placenta releases
many different molecules that can alter maternal physiology
to accommodate fetal requirements during gestation. The
placenta may also influence the physiology of the mother
via extracellular vesicles (EVs).3-5
EVs are increasingly released into the maternal circulation as pregnancy progresses, in both healthy and patho-
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logic pregnancies (ie, pregnancies complicated by gestational diabetes mellitus [GDM]) or preeclampsia [PE])
(Figure).4-6 EVs encapsulate a diverse cargo of proteins,
lipids, and nucleic acids that are released into the maternal circulation and are subsequently taken up by cells of
the maternal immune and vascular systems, thereby modulating the overall maternal physiologic system to adapt to
pregnancy-induced changes.4 In complicated pregnancies,
this mode of cell signaling plays a role in the manifestation of
physical symptoms of disease states, as the release of the
EVs is dependent on the microenvironment to which they are
exposed.7
Several recent (2014 through 2020) reviews on EVs during
pregnancy have been published,8-11 but this review focuses
on EVs during gestation, with emphasis on the trafficking
of placental vesicles into maternal circulation to regulate
immune and metabolic adaptations in pregnancy.
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Figure. Extracellular vesicle (EV) trafficking during pregnancy. EVs—including small EVs such as exosomes and large EVs such
as microvesicles and apoptotic bodies—are released from the human placenta into maternal and fetal circulation during pregnancy. Placental EVs present in maternal circulation can interact with maternal tissues and regulate several biologic functions,
including maternal immune response, migration/invasion, metabolic adaptation to pregnancy, and vascular reactivity. EVs
present in fetal circulation are associated with fetal development. GDM, gestational diabetes mellitus; PE, preeclampsia.

GENERAL CHARACTERISTICS OF
EXTRACELLULAR VESICLES
Investigation of the potential role of EVs in intercellular
communication has been an area of growing research.12 EVs
are lipid bilayer structures measuring 50 nm to several μm
that are released from a multitude of different cell types,
including trophoblasts,13 erythrocytes,14 and endothelial
cells,15 into the extracellular environment. Within their lipid
bilayer membrane, EVs contain RNA, DNA, and proteins,
which are hypothesized to modulate the bioactivity of specifically targeted cells.16 Studies published in 2014 and 2018
have demonstrated that EVs may affect cellular adaptations
to physiologic changes during gestation, including immune
responses, migration, and invasion of placental cells.17,18
The different types of EVs—exosomes, microvesicles, and
apoptotic bodies—can be categorized on the basis of their
size, surface markers, and content.12 Exosomes are a specific type of EV (50 to 150 nm) that arise from the inward budding of the plasma membrane, forming multivesicular bodies that internalize to form intraluminal vesicles and are then
released into the extracellular environment as exosomes. As
a result of their mode of formation, exosomes are enriched
with intracellular proteins such as CD63, CD9, and CD81.
Exosomes are distinguished from other EV cells by their distinct cup-shaped morphology and a buoyant density in a
sucrose gradient, ranging from 1.13 to 1.19 g/mL. Compared
to exosomes, microvesicles are different in size and originate in a different manner. Microvesicles can be as small as
exosomes or as large as a few μm in size and are derived
from plasma membrane secretion through direct budding of
the membrane itself in response to cellular activation or in
response to stress.19 Similarly, apoptotic bodies differ from
exosomes in size (>1 μm) and through their formation via
440

membrane blebbing, membrane protrusion, and formation
of distinct bodies.
Regardless of their origin and size, EVs play important
roles in cell communication and act as key regulators in disease states and healthy conditions. In the context of pregnancy, the placenta releases a wide range of EVs that are
identified in the maternal circulation in both normal pregnancies and pregnancies with complications.

PLACENTAL VESICLES IN MATERNAL
CIRCULATION
Exosomes are released from different organs, including
the placenta, in both normal and pathologic conditions.5 Placental exosomes are hypothesized to regulate the establishment of maternal-fetal circulation via remodeling of spiral arteries. Upon implantation, the blastocyst adheres to
the endothelium of the placenta, and the trophoblastic cells
of the fetus differentiate into an inner cytotrophoblast and
an outer syncytiotrophoblast layer. As the blastocyst continues to grow, the cytotrophoblast layer forms a layer of
multinucleated syncytiotrophoblasts. Within this layer, the
cytotrophoblast releases proteolytic enzymes, while the syncytiotrophoblast layer extends finger-like projections into the
endometrium and replaces the endothelial cells of the uterine
spiral arteries, establishing a connection between the growing embryo and maternal blood. This normal physiologic process is thought to be mediated at least in part by cell-tocell communication via EVs and is complete by 10 weeks of
gestation.
Evidence of EV release by extravillous trophoblasts has
been demonstrated through the detection of soluble proteins
such as human leukocyte antigen G (HLA-G).20 Whereas
HLA-G is expressed only in extravillous trophoblasts,
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HLA-G+ -EVs have been detected in pregnancy.21 An analysis of EVs released from extravillous trophoblasts using
Swan71 cell line isolation showed that the EVs release
exosomes.22 The findings of this study strongly indicate that
extravillous trophoblasts not only release microvesicles but
specifically exosomes.
The amount and type of EVs released are affected by
the microenvironment.23,24 In a comparison of pregnant and
nonpregnant women, the concentration of exosomes was
approximately 50-fold greater in pregnant women.25 The
increased concentration may be attributable in part to the
contribution of placental-specific exosomes that have been
identified in maternal circulation as early as approximately
6 weeks of gestational age.9 Specifically, placental-alkaline
phosphatase-positive (PLAP+ )-EVs were detected in the
maternal circulation throughout pregnancy.5 The PLAP+ EVs can be isolated from the plasma of pregnant women
and increase during the first 12 weeks of gestation.5 The
increased presence of these EVs may be because of the
changes and adaptations in maternal physiology.
Changes in the cellular microenvironment, such as
hypoxia or increased glucose concentration, also affect EV
release. These different microenvironments can also affect
vesicle content and the bioactivity of target cells.23,26 In
pregnancies with increased stress, such as those complicated by GDM6 and PE,27 more EVs are released. For
example, the circulation in women affected by PE contains approximately 40% greater number of EVs compared
to healthy, pregnant women.28 Furthermore, studies have
demonstrated that changes in the microenvironment can
alter the secretion of EVs from cytotrophoblast cells and
in turn affect vesicle content and bioactivity.23,24 Exosomes
released from the placenta have been shown to decrease
insulin sensitivity and glucose uptake in skeletal muscles,
contributing to the pathophysiology of GDM.29 Also, exosomes released from other types of cells can affect placental
function and are involved in regulating the physiologic and
pathologic mechanisms in pregnancy. For example, exosomes released from adipocytes can mediate changes in
placental metabolic status and contribute to GDM.30 Hence,
the cross-communication between different organs and the
placenta via exosomes is crucial in mediating the maternal
metabolic changes in pregnancy.31
As previously stated, the role of exosomes in the remodeling of spiral arteries from a high-resistance, low-capacitance
system to a low-resistance, high-capacitance system has
been studied.13,26,27 Furthermore, studies have found that
states of abnormal placentation, such as PE, have increased
concentrations of circulating placental-derived EVs.27,28,32 All
of these findings suggest that EVs have a significant role
during pregnancy. The Table summarizes published studies characterizing EVs during gestation.5,6,14,25,28,33-43 Future
studies are required to develop a proper understanding of
the mechanisms of exosome release and their effect on the
target cells, which could give insight into their role as markers for the diagnosis of pregnancy complications.

POTENTIAL ROLES OF EXTRACELLULAR
VESICLES DURING GESTATION
In normal physiology, EVs from the placenta balance
both immunosuppressive and proinflammatory cytokines to
support fetal establishment and curtail rejection. Because
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a fetus is antigenically unique from the mother, maternal immune responses against the growing organism must
at least in some part be avoided by inhibiting maternal T lymphocyte (T cell) and natural killer (NK) cell
activation.44 As stated previously, exosomes correlationally
increase with increasing gestational age,5,6 and several studies have explored the potential role of placental-derived
exosomes in regulating maternal immune response during
pregnancy.20,45-48
More specifically, immune adaptations in pregnancy are
believed to be largely attributable to the expression and production of different cytokines that are thought to be regulated by EVs.18,49 Throughout pregnancy, proinflammatory
and anti-inflammatory stages allow for the development,
maturation, and parturition of the fetus.49 Placental EVs are
believed to have a role in modulating these proinflammation and anti-inflammation states by modulating cytokine
release.6,20 A method through which this regulation occurs
could be via the expression of UL16 binding protein 15 (ULBP1-5) and major histocompatibility complex (MHC)
class I chain-related gene protein (MIC) on the surface of
placenta-derived exosomes.48 The interaction with these
ligands causes the selective and dose-dependent downregulation of receptor NKG2D, which is present in NK cells,
CDC8+ , and gamma delta T cells, without affecting the
lytic pathway through perforin.48 Exosomes also have a role
in expression of components of the B7 family of ligands
including B7-H3, which causes downregulation of T cell
activation.20 HLA-G5 isoform incorporation within exosomes
is another important aspect of exosome involvement, as this
class of molecules has been shown to protect fetal tissue
from maternal immune cell attack.20
More specifically, placental EVs inhibit maternal immunity and promote fetal survival through the expression of
specific immunoregulatory molecules.45,47,48 For instance,
syncytin-1 is present in placental EV cells. In normal pregnancies, syncytin-1 suppresses the production of tumor
necrosis factor alpha (TNF-α) and interferon gamma (IFNγ), inflammatory regulators that have links to early pregnancy loss and PE.50,51 In a related manner, maternal EVs
can also be proinflammatory, causing a systemic inflammatory state and resulting in pathologic pregnancies. Studies have shown that placental EVs can induce release of
proinflammatory cytokines, including TNF-α, macrophage
inflammatory protein (MIP)-1α, interleukin (IL)-1α, -6, -8, and
-1β from endothelial cells and activate macrophages to
release proinflammatory IL-1β.6,52 The activation of phagocytic cells, including macrophages and monocytes, is particularly important, as they regulate maternal immune response
to maintain a normal pregnancy and also protect against
infection.52,53 Similarly, monocyte internalization of EVs trigger their migration and the production of IL-1β, IL-6, granulocyte colony stimulating factor (G-CSF), and TNF-α.53
Alterations in the levels of inflammatory cytokines in pregnancy result in metabolic disorders such as GDM and
PE. The amount of cytokine release is particularly evident in obese pregnant women.54 Because of the compounded effect of placental cytokine release and also
cytokine release by adipose tissue, the inflammatory pathways are heightened.55 Increased body mass index in pregnancy has been shown to be associated with elevated levels
of monocyte chemoattractant protein-1 (MCP-1) and TNF-α
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Table. Studies of Extracellular Vesicles in Maternal and Fetal Circulation
Extracellular
Vesicle

Sample
Collection
Type

Sabapatha et al,
200634

Exosomes

Plasma

Luo et al, 200935

Exosomes

Sarker et al,
20145

Study
Maternal circulation

Fetal circulation

Gestational
Age, weeks

Biological Process
Analyzed

Isolation Method

Pregnancy

28-30

Immunomagnetic
isolation

Normal

Maternal immune
response

Plasma

7-11
36-38

Centrifugation

Normal

miRNA analysis

Exosomes

Plasma

6-12

Centrifugation and
density gradient

Normal

Placental
exosomes
increase from
6-12 weeks

Salomon et al,
201425

Exosomes

Plasma

6-12
22-28
32-36

Centrifugation and
density gradient

Normal

Exosomes increase
across gestation

Pillay et al,
201636

Exosomes

Plasma

>30

Centrifugation and
density gradient

PE

High levels of
placental
exosomes in PE

Salomon et al,
20166

Exosomes

Plasma

11-14
22-28
32-36

Centrifugation and
density gradient

GDM

High levels of
placental
exosomes in
GDM

Ratajczak et al,
201338

Microvesicles

Plasma

N/A

N/A

Normal

Angiogenesis

da Silva Nardi et
al, 201637

Microvesicles

Plasma

12-18

Commercial kit

Normal

Immunologic role

Goswami et al,
200628

STMB

Plasma

>34

Centrifugation

PE, IUGR

High levels of
placental STMB

Chen et al,
201239

STMB

Plasma

>34

Centrifugation

PE

High levels of
placental STMB

Dragovic et al,
201314

STMB

Plasma

>37

Centrifugation

PE

High level of EVs in
late-onset PE

Moro et al,
201640

Microparticles

Plasma

>37

Centrifugation

HIV infection

Immunologic role

Lok et al, 200841

Microparticles

Plasma

12-38

Centrifugation

PE

High levels of
placental
microparticles

Li et al, 201342

MSC-derived
exosomes

Umbilical
vein
blood

At delivery

Centrifugation and
filtration

Normal

Cell therapy

Zhou et al,
201343

MSC-derived
exosomes

Umbilical
vein
blood

At delivery

Centrifugation and
filtration

Normal

Cell therapy

Jia et al, 201533

MSC-derived
exosomes

Umbilical
vein
blood

At delivery

Centrifugation

PE

Proteomic analysis

GDM, gestational diabetes mellitus; HIV, human immunodeficiency virus; IUGR, intrauterine growth restriction; miRNA, micro-RNA; MSC, mesenchymal
stem cells; N/A, not applicable; PE, preeclampsia; STMB, syncytiotrophoblast microvesicles.

and increased activation of the p38 mitogen-activated protein kinases (MAPK) and signal transducer and activator
of transcription 3 (STAT3) inflammatory pathways.56 These
proinflammatory states may modify placental function and
in turn have fetal effects.
The outcome of aberrant regulation of inflammatory pathways has been established57-59 ; however, the molecules
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specifically responsible for these effects are still not well
understood. The content of EVs reflects the cellular microenvironment and the physiologic response to stresses in
the microenvironment and thus may be an important
aspect in further understanding the physiologic mechanisms in pregnancy. Current data suggest that exosomes
in maternal circulation may contribute to development of a
Ochsner Journal
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proinflammatory environment by transferring specific cargo
(protein and microRNAs [miRNAs]) to target cells.

EXTRACELLULAR VESICLES IN FETAL
CIRCULATION
Once established, maternal-fetal circulation is a bidirectional system that nonselectively allows for the exchange
between mother and fetus of nutrients, oxygen, wastes, and
cytokines necessary for fetal growth. Because of the bidirectional passage, pathologic changes affecting maternal
adaptations may also complicate the fetus. On the other
hand, cellular trafficking from the fetal to maternal compartment leads to fetal microchimerism, and an appropriate maternal immune response to this phenomenon is
key for the proper maintenance of pregnancy.60,61 Furthermore, cell-to-cell signaling from mother to fetus in complicated pregnancies helps protect the fetus via compensatory
mechanisms.
Exosomes have been isolated from fetal cord blood in
several studies33,58-60,62,63 ; however, Miranda et al examined
the contribution of placental exosomes to the total exosome concentration in fetal circulation and found that the
concentration of placental exosomes in maternal and fetal
circulation is decreased in conditions such as fetal growth
restriction and small for gestational age.64 Cleys et al studied the umbilical cord blood and serum in pregnant sheep
and showed the presence of placental EVs.65 A comparison
between miRNAs of these vesicles isolated from the umbilical cord blood and maternal serum demonstrated a difference in the miRNA content. Further evaluation by bioinformatics analysis revealed that the miRNA in fetal circulation
is important for embryonic development, and in states with
abnormal stressors on maternal development, the expression profile of exosomes is also altered.62 The proteins that
were expressed differently caused different outcomes for
regulation of cellular processes, including complement and
coagulation cascades, enzyme regulator activity, and extracellular regulation. Identifying placental-specific exosomes
in fetal circulation and isolating their specific roles in both
healthy and pathologic pregnancies are important areas of
research and need further investigation.

CONCLUSION
EVs represent a mechanism of maternal-fetal interaction
during gestation. Exosomes provide a way to identify the
function and metabolic state of cell origin through their ability to reflect the microenvironment that they are released
from and the metabolic state of their cell of origin. Studies
have demonstrated that EVs are released from the placenta
into the maternal circulation and have a wide range of functions to regulate immunologic responses to pregnancy and
to establish the maternal vascular function. Further understanding of how EVs regulate key events in pregnancy may
help elucidate how maternal-fetal communication is established in both normal and pathologic conditions.
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