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Abstract

Preeclampsia is a hypertensive disease of pregnancy characterized by new-onset hypertension, 

with either proteinuria and/or organ dysfunction. Preeclampsia is a leading cause of maternal 

morbidity and mortality; however, the underlying cellular and molecular mechanisms are not well 

understood. There is consensus that the underlying mechanism(s) resulting in preeclampsia is 

centered around abnormal placentation, inadequate spiral-artery remodeling, and deficiency in 

trophoblast invasion, resulting in impaired maternal blood flow to the placenta and a release of 

signals and/or inflammatory mediators into maternal circulation triggering the systemic 

manifestations of preeclampsia. ER stress, resulting in impaired autophagy and placental release 

of aggregated proteins, may also confer systemic stress to maternal organs in preeclampsia. 

Extracellular vesicles, lipid-bilayer enclosed structures containing macromolecules including 

proteins, miRNA, and other important nucleotides, have been suggested to play an important role 

in this maternal-fetal communication. Circulating EVs are present in greater quantity in the plasma 

of preeclampsia subjects compared to normal pregnancy, and the placental derived EVs have been 

shown to have altered protein and RNA cargo. In this review, we will focus on extracellular 

vesicles and their role in preeclampsia, specifically their role in immune responses, inflammation, 

altered angiogenesis, endothelial dysfunction.
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Introduction: Overview of Preeclampsia

Preeclampsia is a hypertensive disease of pregnancy which affects 3–8% of pregnancies 1–3. 

This pregnancy syndrome is characterized by new-onset hypertension with either proteinuria 

and/or organ dysfunction after 20 weeks of gestation 4. It can present early with 

manifestations necessitating an early delivery (<34 weeks) or a later in gestation with 

resultant delivery >34 weeks. Preeclampsia is a leading cause of maternal morbidity and 

mortality and heralds risk for cardiovascular disease later in life for both the mother and 

child 5–7. Preeclampsia can affect multiple organs, including the peripheral vasculature, 

liver, kidneys, central nervous system, and the heart 8–12. The underlying cellular and 
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molecular mechanisms that trigger preeclampsia and facilitate its progression are not well 

understood. Consequently, there are no established early diagnostic tests or effective 

treatments for preeclampsia. The only treatment option is delivery.

While the precise pathogenesis remains unclear, it is well accepted that the placenta plays a 

crucial role, as preeclampsia is pregnancy specific, can occur in molar pregnancies or 

trophoblast tumors, where no fetal tissue is present, and is alleviated after delivery of the 

placenta 13. The placenta is an important fetal organ that is essential for fetal growth, 

survival and the maintenance of pregnancy. Placental trophoblast cells are involved in the 

maintenance of maternal-fetal communications during pregnancy. There are several types of 

trophoblast cells, including the syncytiotrophoblasts (ST), cytotrophoblasts (CT), and 

extravillous trophoblasts (EVT). The syncytiotrophoblast layer, which results from the 

fusion of cytotrophoblast cells, is in direct contact with maternal blood and controls the 

exchange of gas, nutrients and waste products between the mother and fetus. Extravillous 

trophoblasts establish the anchoring villi and invade the uterine spiral arteries, inducing 

vascular remodeling 14.

Despite the unclear etiology of preeclampsia, there is wide-spread acceptance that an 

important mechanism for development of this pregnancy complication is centered around 

abnormal placentation, inadequate spiral-artery remodeling, and deficiency in trophoblast 

invasion 13,15. This results in impaired maternal blood flow to the placenta and high 

perfusion pressure generating shear stress to the trophoblast 16. It is hypothesized that as a 

result, the placenta releases signals and/or inflammatory mediators into maternal circulation 

triggering the systemic manifestations of preeclampsia 13,17. In recent years, extracellular 

vesicles have been recognized as an important mediator of this maternal-fetal signaling. In 

this mini-review, we provide a brief overview of placental extracellular vesicles and the 

potential role they play in the pathogenesis of preeclampsia.

Extracellular Vesicles

Extracellular vesicles (EV) are lipid-bilayer enclosed structures, released from all cells into 

the extracellular environment, including the systemic circulation 18. They contain 

macromolecules including proteins, miRNA, mRNA, lipids, growth and apoptotic factors, 

and other important molecules. Most importantly, there is increasing evidence of their 

involvement in cell-to-cell communication and signaling 19. EVs are released in both normal 

and diseased states. They can be found in almost all bodily fluids. Once secreted, the EVs 

can act in both a paracrine and autocrine manner, interacting with adjacent cells or distantly 
20. Once released, EVs interact with recipient cells by fusion with the plasma membrane, via 

receptor-mediated uptake, by internalization via endocytosis or by micropinocytosis 

(reviewed in 21).

EVs have been characterized by their size, function, biogenesis and morphology into three 

major categories (exosomes, microvesicles, and apoptotic bodies). Exosomes range in size 

from 40 to 120 nm and are formed from the inward budding of the endosomal membrane 

and the formation of multivesicular bodies. They are then released by cells by exocytosis 

after the multivesicular body fuses with the plasma membrane 22. Microvesicles, range in 

size from 100–1000 nm in size and form by direct budding from the plasma membrane 23. 
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Exosomes are enriched with endosomal membrane markers (e.g., CD9, CD63, TSG101, and 

CD81), while microvesicles are enriched with CD40 protein markers 22, however the 

specificity of protein markers remains elusive. Apoptotic bodies are formed during apoptosis 

and are the largest EVs ranging from 1000–5000 nm. These three classes of EVs have been 

extensively reviewed 18,19,22–24.

As exosomes and microvesicles overlap in size, specific subtypes remain difficult for 

isolation and characterization. There are currently many strategies for isolation, including 

differential density ultracentrifugation, immunoaffinity beads directed at surface proteins, 

size-exclusion chromatography and lateral flow microfluidic separation. Flow cytometry, 

nano-particle tracking analysis (NTA), and electron microscopy are used to identify and 

quantify EVs (extensively reviewed in 24).

Placental EVs

Extracellular vesicles are secreted by various placental cells during pregnancy. The 

syncytiotrophoblast layer is believed to be the primary source of placental derived EVs. The 

STB releases exosomes, micro-vesicles called STBM, and larger apoptotic bodies 25. As the 

biogenesis of these subtypes is different, their function and effect on target cells may also 

vary. There are differences in cargo and function when comparing the exosome to the other 

vesicle populations. For example, some exosomes exhibit unique proteins and 

phospholipids. Additionally, viral activity is associated with the C19MC microRNA family 

present in exosomes 26. However, as noted above, due to difficulty in isolation and 

characterization, many studies have focused on the EV population as a whole.

The placenta-specific enzyme placental-type alkaline phosphatase (PLAP) has been 

identified as a unique marker of placenta, trophoblast cell derived, extracellular vesicles 27. 

PLAP is a membrane protein that is unique to the placenta. Quantitative analysis of PLAP 

has allowed for placental EVs to be identified in maternal peripheral blood in vivo as early 

as 6 weeks of gestation 28,29. Significant differences in circulating EVs have been found 

between pregnant and nonpregnant subjects. The total number of placental EVs has been 

shown to increase throughout gestation and reaches a maximum at term. The number of 

placental EVs returns to non-pregnant levels around 48 hours post-delivery 28,30. There is 

also evidence that the cargo of these EVs change (both miRNA and mRNA) throughout 

normal pregnancy 18,31. In early pregnancy, hypoxic conditions stimulate cytotrophoblast 

cells and placental mesenchymal stem cells to release an increased number of EVs with 

altered vesicle content 32.

Placental EVs and Function in the Maintenance of Pregnancy

Throughout normal pregnancy, placental EVs can act in both an immunosuppressive and 

immunostimulatory manner, dependent on their cellular origin and cargo (reviewed in 14). 

EV’s released from the STB, containing placental Fas ligand (FASLG) and CD274 

contribute to the inhibition of T-cell activation signals 33,34. Those containing TNSF10 

mediate T-cell apoptosis, preventing degradation of invading trophoblast cells, thus resulting 

in fetal tolerance and increased immune privilege 33. EV’s expressing NKG2D ligands, 

MHC class 1 chain-related molecules A and B (MIC A and MIC B) and family of six 
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cytomegalovirus UL 16-binding proteins ULBP1-6) (MYC and ULBP), have been shown to 

activate the NKG2D receptors in natural killer cells, leading to the inhibition of these cells 

via apoptosis, resulting in fetal immune escape 35,36. Although, in normal pregnancy, only a 

very low percentage of uterine NK cells (≈70%) express NKG2D, it can be upregulated in 

response to bacterial and viral infections 37. Members of the B7 family bind to lymphocytes 

and have been found to co-localize with exosome bio-machinery and are released in 

exosomes 34. Placental EVs express PD-L1, a member of the program death or check point 

family, which induces negative regulation of T-cell activation and prevents overstimulation 

of the immune systems via the CD3-zeta and Jak3 pathway 34. Other immune-suppressive 

molecules such as HLA-G are expressed in placental EVs during early pregnancy and 

decrease throughout gestation 38,39.

EV signaling and maternal immune-modulation involve not only the expression of proteins, 

but also the EV delivery of microRNA. Additional evidence for immunomodulatory effects 

of placental EVs come from the study of viral resistance in pregnancy. It has been shown 

that the expression of the C19MC microRNA family in primary human trophoblast EV’s, 

reduces viral infection in nonplacental cells, and that at least three members of this family 

(mir517-3p, mir516B-5p, and mir512-3p) have potent antiviral effects. These studies showed 

that conditioned primary human trophoblasts (PHT), PHT medium, PHT exosomes, and 

individual C19MC miRNAs confirm this resistance by inducing autophagy 40. The 

destruction of viral particles could possibly reduce inflammatory responses which could 

negatively affect placental cell function or lead to systemic inflammation, making autophagy 

an important mechanism in the maintenance of healthy pregnancy 41. Additionally, 

miR-517a-3p has been found in high abundance in trophoblast derived EVs and is 

internalized by both T-cells and NK cells, regulating their activation via the nitric oxide 

pathway 42. Similarly, miR-141 is contained in the STB-EV cargo and is involved in 

suppression of T-cells 43.

In conjunction with the immunosuppressive nature of EVs, there is also evidence for pro-

inflammatory functions. Trophoblast cells have been shown to release EVs containing 

fibronectin which recruits and interacts with macrophages and monocytes by binding to 

α5β1 44. During pregnancy, macrophages are abundant in the decidua and moderate the 

inflammatory response by the production of cytokines and chemokines. Thus the EV-

associated fibronectin results in increased pro-inflammatory cytokine release including 

IL-1β, 1L-6, serpine-1, and TNFα. Trophoblasts also release EVs with microRNA’s 

including miR146a-3a which promotes IL-8 production in trophoblasts 45.

In addition to immunosuppression and/or inflammatory functions, placental EVs are 

involved in vasculogenesis, angiogenesis and endothelial dysfunction. Endothelial 

dysfunction is a systemic imbalance between vasodilator and vasoconstrictor molecules and 

is therefore part of the etiology of preeclampsia. MiR-520c-3p in EVs leads to increased 

invasiveness of EVTs and promotes angiogenesis by targeting CD44 46. Nitric oxide is also 

a vasodilator and an important regulator of endothelial function. There is evidence that STB-

EVs contain eNOS, which is subsequently able to produce nitric oxide 47. Additionally, 

miR-155 has been found in placental EVs, which is known to inhibit eNOS, resulting in 

endothelial dysfunction 48.
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Studies which have looked specifically at STBMs, excluding the smaller exosome subtype, 

have shown that they can also induce systemic inflammation. These STBM vesicles 

stimulate leukocytes and monocytes to increase expression of pro-inflammatory cytokines 
49,50. Syncytin-1 is shed from the placenta and is a surface molecule on STBMs. It has been 

shown to modulate immune cell activation and the responses of immune cells to 

lipopolysaccharide stimulation 51. Varying results have been reported regarding the 

immunosuppressive nature of STBM’s, depending on the means of isolation of the STBM, 

suggesting that the function and activities of these vesicles are preparation dependent 52. 

Given all of the aforementioned data, proteins and microRNAs in placental EVs play an 

integral role in regulating immune responses, inflammation and angiogenesis during normal 

pregnancy. A schematic summary is shown in Figure 1.

Placental EVs and Preeclampsia

Given the role of placental EVs in normal pregnancy, as described above, it is believed that 

EVs may be involved in the pathogenesis of preeclampsia by modulating the immune/

inflammatory responses associated with the disorder. During normal pregnancies, placental 

EVs lead to physiologically adaptive inflammation, whereas excessive inflammation 

potentially leads to pregnancy disorders such as preeclampsia. There is also growing 

evidence that both abnormal immune tolerance and hyperactive immune activity can lead to 

angiogenesis and the onset of preeclampsia 53.

Quantity and cargo of placental EVs in preeclampsia—It is well established that 

the plasma contains more circulating EVs in preeclampsia compared to normal pregnancy. 

Moreover, placental EVs production (specifically STB-EVs) has been shown to be enhanced 

in PE in some studies, while others show a decrease. Much of this difference can likely be 

attributed to the methods used to measure EVs. Early work in the vesicle field suggested that 

syncytiotrophoblast derived vesicles (STBM) that are shed from the placenta are 

significantly increased in early onset preeclampsia 54. Tannetta et al. studied expression of 

PLAP, Flt-1 and endoglin from two different preparations of STBM and found little changes 

in both surface and overall expression of all three proteins in mSTBM; however, STBM 

from perfused placentas from PE subjects released decreased content of PLAP+ EVs and 

reduced PLAP expression on surface per EV and higher Flt-1 expression 17. Levine et al. 

recently found a similar increase in overall circulating EVs in preeclampsia patients and a 

decrease in STB-EVs in maternal plasma samples. These results suggest a possibly lower 

number of placenta specific EVs, lower amounts of the placenta specific marker on EVs, or 

a combination of both. 55. This can also reflect the notion that PLAP is not an appropriate 

marker for the detection of circulating STB-EVs. Despite these observations, PLAP is still 

commonly used as a measure of placental EVs. Salomon et al. showed an increasing number 

of total EVs as gestation progressed, with even higher quantities in preeclampsia subjects at 

each gestational stage. Analysis of PLAP by immunosorbent assay showed significantly 

higher PLAP content in PE subjects overall, however this difference diminished when 

normalized to total EV quantity for each gestational age 56. Pillay et al. showed much larger 

differences in total EV quantity between preeclampsia and normal subjects, with the largest 

differences seen in early onset preeclampsia samples compared to GA matched controls 57. 

They also studied PLAP+ EVs, and an increase in PLAP content was found in relation to 
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early onset but not late onset preeclampsia. It is important to note that these results in terms 

of both quantity and function may be dependent on the PLAP antibody used. There is 

skepticism implying that commercially derived human PLAP is not pure and that the 

antibodies may lack specificity 58. This is a limitation that should be recognized in the 

current studies of EVs and it is thus necessary to validate these antibodies. Additionally, 

even despite the technology being used for quantification, the number of placental particles 

detected is still rather limited and using changes in quantity of these EVs as a biomarker for 

preeclampsia, or other placental related disorders, may be of limited power.

Function of placental EVs in preeclampsia

Inflammation: As noted above, placental EVs interact with maternal immune cells resulting 

in production of pro-inflammatory cytokines. These trophoblast-derived EVs can lead to 

vascular inflammation and endothelial injury. The inflammatory response is enhanced in 

preeclampsia 49. In pregnancies with vascular complications, such as preeclampsia, placental 

EVs can increase trophoblast apoptosis and decrease migration 59. PP13, placental protein 

13, is involved in T-cell and macrophage apoptosis and regulation of maternal immune 

tolerance. Lower levels of PP13 in maternal serum during the early stages of pregnancy is 

associated with development of early onset preeclampsia, with increased expression later in 

pregnancy attributed to an increase in membrane shed vesicles 60,61. However, Sammar et. al 

reported decreased expression of PP13 in STB-EVs, both membrane bound and intra-

vesicular 62. A decrease in Syncytin-2 in placental EVs has also been reported, affecting EV 

fusion with targeted cells, trophoblast fusion and placental development. This suggests not 

only a role for the change in cargo but also a change in function of EVs in the etiology of PE 
63–65.

Angiogenesis: Anti-angiogenic factors also play an important role in the pathogenesis of 

PE, leading to an imbalance in angiogenesis and endothelial dysfunction. Soluble fms-like 

tyrosine kinase-1 (sFlt1) and soluble endoglin (sEng) are known to be increased in PE and to 

correlate with the severity of the phenotype 66. Administration of human preeclampsia 

serum in pregnant IL-10−/− mice induced preeclampsia-like symptoms, including elevated 

sFlt1 and sEng. Additionally, in an invitro model of endovascular activity, preeclampsia 

serum disrupted communication between trophoblasts and endothelial cells 67. PAI-1 and 

PAI-2 are also expressed in the placenta and are inhibitors of fibrinolysis. Overexpression of 

these PAI’s leads to fibrin deposits and inhibits the function of the placental vasculature and 

spiral arteries, resulting in hypertension 68. sEng and PAI-1 are highly expressed on the 

surface of STB-EVs, thus potentially adversely affecting placental function in preeclampsia 
69. Fms-like tyrosine kinase 1 (Flt-1) from first trimester placental explants, was also 

upregulated in preeclampsia samples, contributing to the spread of endothelial damage by 

sequestering vascular endothelial growth factor VEGF in maternal circulation 70. NEP 

(neprilysin) was also upregulated in STB-EVs from women with preeclampsia 8. NEP, a 

membrane bound metalloprotease, has many potential signaling functions. NEP, and 

enhances the degradation of peptides such as vasodilators. Higher expression of NEP has 

been associated with the onset of hypertension, the main feature of preeclampsia. STB-EVs 

carry bioactive tissue factor and these EVs from PE patients lead to an increase in platelet 

tyrosine phosphorylation and aggregation 17. Platelet reactivity is associated with PE in 
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some women and correlates with the increased thrombotic risk associated with PE. 

Treatment of high-risk PE patient with aspirin to reduce platelet aggregation, also inhibits 

STBEV-induced aggregation of platelets.

ER Stress, Autophagy and Misfolded Proteins: Recently, evidence has emerged 

suggesting that PE is a disorder involving protein misfolding, a mechanism occurring 

potentially upstream of inflammation 71–73. Aggregated, misfolded proteins have been 

detected in serum and urine of preeclampsia patients 72–74 and have been shown to induce 

PE-like features in pregnant mice 72. We have attributed this excess protein aggregation in 

PE to compromised autophagy in trophoblasts, which in turn contributes to poor 

placentation and hypertension 75,76. Autophagy is a degradation system present in cells that 

maintains cellular homeostasis by eliminating misfolded or aggregated proteins 77. The 

lysosomal machinery, involving fusion of autophagosomes and autolysosomes with 

proteases, such as cathepsin D, degrades the aggregated protein structures and removes 

damaged organelles 78.

Normal pregnancy induces mild endoplasmic reticulum (ER) stress, which is a necessary 

component of placental development 76,79. Additionally, as noted above, autophagy is an 

essential mechanism in the maintenance of healthy pregnancy and EVs derived from 

trophoblasts have been shown to activate autophagy in non-placental cells via transfer of 

miRNA conferring viral resistance 40. Excessive or chronic ER stress in preeclampsia leads 

to placental dysfunction. Nakashima et al. recently elucidated the link between ER stress, 

autophagy and trophoblasts showing that that ER stress reduces the number of lysosomes, 

inhibits autophagic flux in trophoblast cells, and results in aggregation of misfolded proteins 

in PE. It also inhibits lysosomal exocytosis 76 and as a result, leads to a change in EV release 

from trophoblasts. The placenta produces transthyretin (TTR). In its native state TTR 

circulates as a homotetramer and serves as a cargo protein for retinol and thyroid hormone. 

It also scavenges sFlt 80. In response to ER stress, misfolded TTR aggregates accumulate as 

toxic deposits in the placenta. In preeclampsia, a significant amount of TTR is released into 

the maternal circulation via placental EVs, in both its natural and aggregated form 71. 

Preeclamptic EVs may serve as a mechanism for disposal of toxic aggregated protein from 

the placenta, they may also be delivering aggregated transthyretin to maternal organs, 

contributing to systemic cellular stress and the pathogenesis of preeclampsia 71. In vitro and 

in vivo approaches have demonstrated that misfolded transthyretin is a preeclampsia-causing 

agent and that native transthyretin has the ability to block the onset of preeclampsia-like 

features 72. Similarly, recent observations from our laboratory suggest that several other 

proteins, including those associated with Alzheimer’s disease are part of this toxic 

proteinopathy and may contribute to the EV’s cargo 81. In several neurodegenerative 

disorders, there is also evidence that EVs containing misfolded pathogenic proteins play a 

role in the cell-to-cell transmission aggregate proteins leading to the degenerative 

phenotypes (reviewed in 82). These findings support the early hypotheses that changes in 

blood flow in the placenta, lead to a release of toxins via extracellular vesicles, which results 

in maternal preeclampsia symptoms 72.
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microRNA: In addition to surface bound proteins and protein cargo, placental extracellular 

vesicles contain microRNA which can be internalized by maternal cells altering target gene 

expression 83. microRNA from EV in maternal circulation and the placenta from 

preeclampsia are the subject of extensive investigations. In preeclampsia, trophoblasts 

actively secrete exosomal hsa-miR-210. Has-miR-210 is a hypoxia induced microRNA 84. 

Targeted screening for selected miRNAs showed elevated levels of miR-210, −136, −494, 

and −495 in peripheral blood exosomes in women with preeclampsia 85. In a separate 

targeted screen for the expression of C19MC microRNA, miR-517-5p, miR-520a-5p, and 

miR-525-5p were found to be downregulated in preeclampsia 86. Genome-wide microRNA 

profiling studies have compared the EV cargo between preeclampsia and normal pregnancy. 

Salomon et al. identified differentially expressed microRNAs whose targets regulate 

biological processes such as migration, placenta development, and angiogenesis. They 

identified hsa-miR486-1-5p and has-miR486-2-5p, which have previously been shown to 

suppress migration, proliferation and invasion, as potential biomarkers for preeclampsia 56. 

Li et al. identified 7 differentially expressed microRNAs between women with preeclampsia 

and controls. They found no differentially expressed microRNA between women with fetal 

growth restriction and controls. The differences were also not apparent in whole plasma 

miRNA 87. mir153-3p and mir325-3p are two of the differentially expressed microRNA. The 

former has been shown to be involved in the inhibition of cell proliferation and increase in 

apoptosis, and the latter is associated with decreased tube formation and angiogenesis 87. 

While many of these studies have found similar pathways implicated in the pathogenesis of 

preeclampsia, the differential expression of specific microRNA is often not reproducible and 

vary dependent on biospecimen source, isolation procedures and RNA quantification 

techniques. Thus, there is little agreement whether there are differentially expressed 

miRNAs between preeclampsia and normal pregnancies 87.

In-Vivo Studies: It is important and valuable to study the effects of EVs in-vivo. Merely 

identifying their cargo and use of in-vitro cell culture studies does not provide full insight 

into their function and the manner in which they interact with other cells. In vivo models 

provide information on the translational significance of EVs. For example, intricate organs 

such brain have been shown to be repaired by administration of EVS in an experimental 

model of subcortical stroke 88. However, it has been challenging to establish a reliable 

animal model of preeclampsia, as it does not occur naturally in laboratory animals and is a 

systemic condition with a wide array of phenotypic manifestations. Marshall et al. have 

reviewed many of the current animal models and their limitations 89. Mice are a widely used 

model as they are easily genetically manipulated; however, there are inherent differences 

between mouse and human pregnancy, including differences in both the structure and 

function of the placenta. Models such as endothelial NOS knockout mice (eNOS−/−/

Nos3−/−) recapitulate some of the characteristics of preeclampsia, however they develop 

what can be viewed as chronic hypertension, rather than new onset hypertension which is 

pregnancy specific 90. Other mouse models, including Catechol-O-methyltransferase 

(COMT) deficient mice (Comt−/−), the BPH/5 mouse, exogenous s-Flt treatment and others 

are reviewed in detail 89. There is also evidence that placental Atg7 deficiency in conditional 

Atg7 knockout mice may result in pregnancy associated hypertension; however, they do not 

experience the severe pathological features of preeclampsia 91. Work presented from our lab 
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by Kalkunte et al. demonstrated that a single sera injection on gestational day 10 from 

severely preeclamptic women induces hypertension, proteinuria, and kidney pathological 

characteristics, as well as intrauterine growth restriction (IUGR), in IL10−/− mice in a 

pregnancy-specific manner. IL-10 is an anti-inflammatory cytokine and is absence may 

predispose the mice to inflammatory activities and poor vascularization 67. Our published 

work has demonstrated this sera also contains EVs with aggregated protein cargo 71. These 

protein aggregates could aid in inducing the preeclampsia-like pathology in pregnant mice. 

There is other evidence that placental EVs from preeclamptic placenta can induce a 

preeclampsia-like phenotype in pregnant mice; however, it is important to note that this 

result was not necessarily pregnancy specific. The injected EV from human placentas have 

been found in mouse organs 70 and can be trafficked from mouse amniotic fluid to the 

placenta and other organs 92. These EVs have been shown to result in damage to the 

placental vasculature and poor fetal nutrition 93.

Conclusions

The study of extracellular vesicles is growing and evolving and will aid in understanding the 

underlying mechanisms for the maintenance of healthy pregnancy and the etiology of 

preeclampsia. In normal pregnancy, placental derived EVs containing proteins, miRNA and 

other molecules function in regulation of maternal immune response, inflammation and 

oxidative stress. Pathological triggers resulting in changes in placental vesicle production 

and cargo, including excess aggregated proteins, excessive inflammation, altered trophoblast 

function and defective spinal artery remodeling and the systemic preeclampsia 

manifestation, a summary of which is represented in Figure 2. Continued investigation of 

extracellular vesicles, including other RNA cargo and differences that result due to 

preparation and isolation techniques, will strengthen the understanding of the pathogenesis 

of preeclampsia, including elucidating new avenues for early diagnosis and treatment.
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Figure 1: Placenta extracellular vesicle (EV) production/release and their downstream effects.
Many factors, including hypoxia, infection, and toxins influence the production of EVs. 

These factors influence their cargo including mRNA, microRNA, proteins, protein 

aggregates and lipids. The biogenesis of these vesicles also determine their cell surface 

markers. These include, but are not limited to cell surface molecules such as CD63, CD9, 

CD81, tumor susceptibility 101 (TSG101), programmed cell death ligand 1 (PDL1), and 

placental alkaline phosphatase (PLAP). There are numerous downstream effects, including 

changes in gene expression in target cells, immune activation/suppression, invasion/

migration, autophagy, angiogenesis and ER stress.
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Figure 2: Extracellular Vesicle production and effects in normal pregnancy and preeclampsia.
In normal pregnancy, placental derived EVs function in regulation of maternal immune 

response, inflammation and oxidative stress. Pathological triggers resulting in changes in 

placental vesicle production and cargo, including excess aggregated proteins, results 

excessive inflammation, altered trophoblast function and defective spinal artery remodeling, 

resulting in the preeclamptic condition.
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