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Abstract: 
Exosomes are endosome-derived nanovesicles, which can carry different 
molecules to the extracellular environment and transport signals to cells in distant 
tissues. Recently, placental cells have been found to release exosomes to the 
maternal circulation during the gestation period. The concentration of placental 
exosomes in plasma not only varies depending on the stage of gestation but may 
also serve as indicators of pregnancy complications. In addition, these nanovesicles 
have active roles in immunity, apoptosis and vascular formation of the maternal-
fetal unit. However, the biological function of placenta-derived exosomes remain 
to be fully-elucidated. The aim of this review is to summarize the known roles of 
placental exosomes in the maternal-fetal immunity and their clinical applications 
during the gestation period.  
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Resumen: 
Los exosomas son nanovesículas derivadas de endosomas, las cuales cargan 
diferentes moléculas al ambiente extracelular y transportan señales a células de 
tejidos distantes. Recientemente se ha encontrado que las células de la placenta son 
capaces de secretar exosomas a la circulación materna durante el periodo de 
gestación. La concentración de exosomas en el plasma no solo varía durante la 
etapa de gestación sino que también puede servir como indicador de 
complicaciones durante el embarazo. En adición, estas nanovesículas tienen roles 
activos en inmunidad, muerte celular y formación vascular en la unidad maternal-
fetal. Sin embargo, la función biológica de los exosomas derivados de la placenta 
todavía  no se ha elucidado completamente. El objetivo de esta revisión de 



2  Andrea Delgado Nieves & Normarie Herrera Nieves 

literatura es resumir los roles conocidos de los exosomas de la placenta en la 
inmunidad maternal-fetal y sus aplicaciones clínicas durante el periodo de 
gestación.  
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Introduction1

Cell to cell communication can be mediated by the secretion of signaling 
molecules to the extracellular environment, direct interaction between cells or by 
vesicles such as exosomes (Raposo & Stoorvogel, 2013; Mincheva-Nilsson & 
Baranov, 2010). Exosomes are nanovesicles (50-120nm) originated by inward 
budding of membrane-bound intracellular compartments called endosomes, and 
may contain proteins, mRNAs or miRNAs (Sarker et al., 2014; Chaput & Théry, 
2010). The fusion of endosomes to the plasma membrane, allows the release of 
exosomes to fluids such as blood, urine, lymph, saliva, lacrimal and mammary 
gland secretions (Murray et al., 2015). Through these fluids they can migrate and 
influence the cell behavior and physiology of distant tissues by regulating 
metabolism, protein translation, proliferation, apoptosis and angiogenesis (Murray 
et al., 2015).  
 

Recently, placenta-derived exosomes have been found to be circulating in 
the blood of pregnant women (Sarker et al., 2014). The release of these exosomes 
is mediated by oxygen partial pressure and glucose concentration (Salomon et al., 
2013). However, the functions of placental exosomes remains to be fully-
elucidated. The objective of this review is to evaluate the known roles of placental 
exosomes in the maternal-fetal immunity and their clinical applications during the 
gestation period.  
 
Placental exosomes as biomarkers in pregnancy 
Exosome levels during pregnancy 
 
Placental cells play a crucial role in changes of metabolic, immune, and 
cardiovascular activities during gestation (Sarker et al., 2014). Recently, Sarker et 
al. (2014) described that the concentration of exosomes in the maternal circulation 
increases during a normal pregnancy.  They designed an experiment to determine 
the concentration of placenta-derived exosomes in healthy pregnant women, using 
Placental Alkaline Phosphatase protein (PLAP) as an indicator. Results showed 
that this placental exosome resident protein progressively increased during the first 
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trimester of the gestation period. Sabapatha, Gercel-Taylor, and Taylor (2006) also 
described the concentration of placenta-derived exosomes during the first trimester 
of pregnancy as ~20 fold higher than in the plasma of nonpregnant women. Hence, 
the levels of placental exosomes during the gestation period may help distinguish a 
healthy from a complicated pregnancy. 
 
Placental exosomes as predictors of pregnancy complications  
 
Abnormalities in the levels or in the composition and molecular cargo of placenta-
derived exosomes in the maternal plasma are associated with pregnancy 
complications such as preeclampsia, gestational diabetes mellitus, and pre-term 
birth (Murray et al., 2015; Salomon et al., 2014). Decreased levels of placental 
exosomes have been found in the plasma of pregnant women who had pre-term 
birth when compared to the plasma levels of women who had normal deliveries 
(Murray et al., 2015). Conversely, an increase in placental exosomes has been 
shown in gestational diabetes mellitus (Salomon et al., 2015). In addition to 
exosome levels in complicated pregnancies, Vargas et al. (2014) demonstrated that 
the protein syncytin-2 was decreased in the exosomes of women with preeclampsia 
during their second and third trimester. Therefore, placental exosome levels, as 
well as their molecular composition in the plasma of pregnant women, may be 
important in predicting different complications during gestation. 
 
Role of placental exosomes in the maternal immune system 
 
Exosomes secreted by placental cells carry membrane proteins, which can 
influence the maternal immune state (Mincheva-Nilsson & Baranov, 2012). 
Sabapatha et al. (2006) performed a study where they assessed the role of these 
exosomes in T cell regulation by evaluating the expression of CD3-zeta, JAK3, 
and SOCS-2. CD3-zeta promotes T-cell proliferation and cytokine production, 
whereas JAK3 is involved in the signaling pathway of the activation and 
functionality of T regulatory and natural killer cells (NK). SOCS-2 has a role in the 
suppression of cytokine signaling. After exposing T lymphocytes to placenta-
derived exosomes, the expression of JAK3 and CD3-zeta was down regulated, 
while SOCS-2 expression was increased. Thus, placenta-derived exosomes 
inhibited lymphocyte activation, further suppressing the maternal immune system. 
Recently, Hedlund et al. (2009) showed that the human placenta could also 
regulate the maternal immune system by the release of NKG2D ligands, such as 
ULBP1-5 and MIC proteins, via exosomes. These proteins were able to suppress 
the cytotoxicity of different immune cells by down-regulating the NKG2D 
receptor, in vitro. In addition, several studies have demonstrated that placental 
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exosomes also carry Fas ligand (FasL), TRAIL, and PD-L1 proteins that signal 
apoptosis in activated immune cells and peripheral blood mononuclear cells 
through their membrane receptors (Sabapatha et al., 2006; Stenqvist, Nagaeva, 
Baranov, and Mincheva-Nilsson, 2013). Furthermore, Kshiragar et al. (2012) 
showed that placenta-derived exosomes are capable of transport other proteins, 
such as B7-H1, B7-H3, and HLA-G5. Although their mechanism has not yet been 
elucidated, the study suggests that these latter proteins could play a role in the 
interaction of the receptor-ligand between T cells and antigen presenting cells. 
Taken together, these findings propose that the human placenta is capable of 
conveying protection to the fetus. This response is mediated by the suppression of 
the maternal immune cells via protein-carrying placental exosomes. 
 
Conclusion  
 
Placenta-derived exosomes can modulate the maternal immune system during the 
gestation period. These nanovesicles may carry various types of proteins that can 
cause a decrease in T-cell proliferation and activation, suppression of cytokine 
signaling and can furthermore induce apoptosis. The actions of these molecules 
towards the maternal immune cells all contribute to the protection of the fetus. 
Monitoring the levels and establishing a normal concentration range of these 
exosomes in the maternal plasma may have clinical applications. Deviations from 
these levels can signal an overly suppressed immune system, which may increase 
the susceptibility of pathogenic invasion during pregnancy. Also, alterations from 
the normal levels could indicate if there is a risk of a maternal immune response 
against the fetus. 
 

Placenta-derived exosomal levels can be detected by minimally invasive or 
non-invasive techniques to potentially diagnose other risks during gestation. 
However, methods by which placental exosomes are isolated and characterized 
require optimization, since current procedures lack specificity for these exosomes. 
The existing protocols include differential centrifugation, size exclusion 
chromatography, flow cytometry using beads, and solid phase sedimentation which 
can isolate heterogeneous vesicle populations rather than exosomes alone (Murray 
et al., 2015). Therefore, characterization of vesicular size and composition should 
be enhanced by other methods for successful segregation and further use of 
placental exosomes. The improvement of these techniques could increase the 
possible early diagnosis of conditions related to dysfunctional placenta. In 
addition, new roles of placenta-derived exosomes in maternal-fetal communication 
may perhaps be elucidated. 
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