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syncytiotrophoblast microvesicles

Abstract

During pregnancy, the coagulation system adapts to prevent premature bleeding 
or excessive post-partum bleeding. Especially the pregnancy-associated disease 
pre-eclampsia features a worsened pro-coagulant state, which might be triggered 
by the release of placental factors, such as placental cell debris, syncytiotropho-
blast microvesicles, exosomes and soluble factors. This study focused on the in-
fluence of those placental factors on thrombin formation and platelet aggregation 
and on the identification of the mediating factor. Normoxic or low oxygen ex vivo 
placenta perfusion was used to acquire placental factors. In contrast to normoxic ex 
vivo placenta perfusion, low oxygen perfusion led to significantly increased syncy-
tiotrophoblast extracellular vesicle concentrations and increased thrombin forma-
tion. Normoxic perfusion samples reduced maximum platelet aggregation signifi-
cantly at very individual aggregation rates while low oxygen perfusion samples led 
to a strong deregulation of platelet aggregation. Furthermore, syncytiotrophoblast 
microvesicles, but not placental cell debris, exosomes or soluble factors, were iden-
tified as the main mediator of these pro-coagulant effects of low oxygen perfusion 
samples. This study shows that the oxygen level in the placenta has a huge impact 
on the amount and functionality of placental factors shed into the maternal or-
ganism during pregnancy. We suggest, that the lack of oxygen induces phenotypic 
changes of the syncytiotrophoblast microvesicles, which are comparable to the sit-
uation during pre-eclampsia.
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Introduction

 During pregnancy, the female circulatory system adapts to its new circum-
stances by, amongst others, decreasing blood pressure and adjusting coagulation. 
The coagulation is modified to prevent premature bleeding or excessive post-par-
tum bleeding by increasing pro-coagulant factors in the blood of pregnant women.
[1,2] Thrombin and fibrin concentrations are increased, whereas levels of anticoag-
ulant substances, like anti-thrombin, remain at non-pregnant levels,[3] and do not 
compensate for the high coagulation capacities during pregnancy. At postpartum, 
however, anticoagulant substances rise to balance the increased coagulation po-
tential.[1,3] Furthermore, the systemic fibrinolytic activity is reduced during preg-
nancy, and returns to non-pregnant levels soon after delivery.[3] The fact that the 
increased coagulation potential returns to normal soon after birth, suggests an as-
sociation of increased pro-coagulant factors to pregnancy-related circumstances, 
for example the presence of the placenta.[1,3,4] Indeed, it is known that the pla-
centa secretes various factors into the maternal circulation, such as tissue factor, 
plasminogen activator inhibitor-2 and syncytiotrophoblast extracellular vesicles 
(STB EV).[5–7] 
 The pregnancy-associated disease pre-eclampsia (PE) occurs in 2 – 8 % of 
all pregnancies world-wide [8] and is life-threatening for both mother and child.
[9,10] The major symptoms of PE, which are high blood pressure and proteinuria, 
are used to diagnose this severe pregnancy complication.[11] Since the placenta 
is crucial in the pathogenesis of PE [12], the only known effective cure to PE is the 
delivery of the placenta, which causes a high percentage of preterm birth. PE often 
is associated with immune disorders or worsened blood flow in the placenta con-
nected to decreased nutrient supply, hypertension and coagulopathies. [9,11,13] It 
is commonly accepted that PE coincides with impaired placentation (especially in 
early onset PE) [14], oxidative stress in the placenta [15] and placental infarcts [16]. 
This results in an increased secretion of placental factors, such as STB EV, into the 
maternal circulation [17,18], which are thought to contribute to the pathogenesis 
of PE.[19] 
 STB EV are associated with disturbed immune reactions [20] and en-
dothelial dysfunction [21] during PE. Based on their size, function and origin, ex-
tracellular vesicles can be subdivided in several groups.[22,23] Three groups are 
mostly described (also for the placenta[5,24]): (1) macrovesicles/apoptotic bod-
ies which are relatively large vesicles of 1 to 5 µm in size and formed by blebbing 
from the plasma membrane or cellular fragmentation of apoptotic cells [22,25]; 
(2) microvesicles (MV) are 100 to 1000 nm in size and are budding directly from 
the apical side of the plasma membrane of activated cells [26]; (3) exosomes 
are small particles of 30 to 100 nm in size and then formed in early endosomes 
turning into intracellular multivesicular bodies and released by fusion of the mul-
tivesicular bodie’s membrane with the plasma membrane [22,27]. Exosome-like



100

6 6

A lack of oxygen changes the coagulation capacities of 
syncytiotrophoblast microvesicles

nanovesicles can bud directly from the plasma membrane, but it is not clear yet 
how comparable they are to regular exosomes.[22,27]  Placental macrovesicles are 
most-likely cleared quickly in the maternal lungs and therefore not further topic of 
this study.[28]
 Evidence emerges that STB EV also affect coagulation. Indeed, vesicles from 
the human placental chorioepithelial brush border membrane and basal plasma 
membrane were shown to inhibit platelet aggregation.[29] Others, however, de-
scribed a tissue factor-like activity on the surface of STB MV and an increase in 
tissue factor-dependent thrombin formation in presence of STB MV.[7] Interesting-
ly, the latter was even higher when using STB MV from pre-eclamptic placentae.
[7] In the present study, we focused on the coagulation capabilities of STB EV, and 
discriminated between the effects of STB MV, exosomes, and soluble factors from 
placental tissue. We collected placentae from healthy pregnancies and perfused 
them ex vivo with oxygen and without oxygen (as a model for the preeclamptic pla-
centa). Perfusates were fractioned to be free of cell debris, STB MV and exosomes 
by centrifugation and ultra-centrifugation and analyzed for their impact on throm-
bin formation and platelet aggregation.
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Materials and methods

Ex vivo placenta perfusion

 Human placentae were collected from healthy term pregnancies after writ-
ten informed consent. Experiments were approved by the ethics committee of the 
University Hospital Jena. Placentae were obtained after natural delivery or elective 
caesarian section and perfusion commenced within 20 min after delivery of the 
placenta. Perfusion suspension was composed as described in Göhner et al. [30].
 The method of ex vivo placenta perfusion was originally described by Pani-
gel et al. [31] and further improved by Schneider et al. [32]. Our perfusion system is 
based on this method, but was adjusted to two different setups. In the first setup, 
standard double-sided ex vivo placenta perfusion was performed (Figure 1 A). Here, 
the maternal and the fetal circuit were connected separately to valves and perfused 
with perfusion suspension. The maternal circuit was oxygenated with technical air 
yielding an oxygen partial pressure of ≈18 kPa and perfused at 12 mL/min, while the 
fetal circuit was purged with 95 % nitrogen / 5 % carbon dioxide and perfused at 3 
mL/min. In the second setup, to create low oxygen conditions as a model for the 
preeclamptic placenta, only the maternal circuit was perfused without oxygenation 
(Figure 1 B). Perfusion was performed for up to 360 min, and samples were taken at 
three phases during the perfusion of the same placentae: in early phase between 
60 min and 75 min; in middle phase at 240 min; in late phase between 315 min 
and 360 min of perfusion. Based on the technical demand of the ex vivo placenta 
perfusion, it was not possible to take the samples at exactly the same time during 
the early and late phase of perfusion. Ten placentae were perfused under regular 
conditions with oxygenation (setup 1) and while five placentae have been perfused 
under low oxygen conditions (setup 2). 
 Medium control samples were produced by pumping blank perfusion sus-
pension through the perfusion system without actually connecting to a placenta 
(sample name: control, +O2 / -O2). Similar to the real perfusions, medium controls 
were collected in both perfusion setups and have been enriched with oxygen or 
perfused without oxygen, respectively, over the time of a regular ex vivo placenta 
perfusion. Samples were collected at 75 min, 240 min or 360 min of perfusion.
 
Sample fractioning

 To discriminate between STB MV, exosomes and soluble factors, samples of 
perfused perfusion suspension were processed by centrifugation and ultra-centrif-
ugation (Figure 2) for three low-oxygen perfused placentae. The first centrifugation 
step was performed at 380 g for 10 min to exclude cells enriched after placenta per-
fusion; the supernatant was collected as so called “perfused suspension” samples. 
The second centrifugation step of the “perfused suspension” was performed at
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10,000 g for 10 min at 4 °C to exclude cell debris; the supernatant was collected as 
“minus cell debris” samples. During the third centrifugation, the “minus cell debris” 
sample was centrifuged at 18,890 g for 30 min at 4 °C, and the supernatant was fil-
tered with a 0.2 µm/0.8 µm filter (Acrodisc PF 32 mm Syringe Filter with 0.8/0.2 µm 
Supor Membrane, Pall Corporation, Port Washington, New York, United States of 
America) to further exclude relatively large vesicles. The filtrate is referred to as the 
sample “minus STB MV”. The “minus STB MV” sample was further ultra-centrifuged 
at 100,000 g for 70 min at 4 °C to exclude exosomes. The supernatant was collected 
as the sample “minus exosomes”.
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Figure 1: Schematic setup of the ex vivo placenta perfusion systems applied
A: Double-sided standard ex vivo placenta perfusion with oxygenation of the maternal circuit and de-oxygena-
tion of the fetal circuit
In the maternal circuit, medium is pumped through an arterial valve from the reservoir to an oxygenator, were it 
is enriched with oxygen. After the oxygenator, the medium passes a bubble trap where potential air bubbles are 
removed before the medium reaches the placental tissue in the perfusion chamber. Here, it enters the intervillous 
space through cannulae penetrating the decidua. After passing the intervillous space, the medium accumulates in 
the upper part of the perfusion chamber, where it is collected by a venous valve and gets fed back to the reservoir.
In the fetal circuit, medium is pumped through an arterial valve from the reservoir to a gas exchanger, where it is 
purged with nitrogen to substitute naturally dissolved oxygen in the medium. After the gas exchanger, the medium 
passes a bubble trap and afterwards a pressure sensor, which allows online monitoring of the fetal arterial pres-
sure during the perfusion, before the medium reaches the placental tissue in the perfusion chamber. The medium 
enters the fetal compartment of the cotyledon through a cannula, which is directly connected to an artery of the 
cotyledon. The venous valve is directly connected to the corresponding vein of the cotyledon. The backflow in 
the venous valve is not driven by a pump but by the internal pressure of the fetal vessel system in the cotyledon.
B: Maternal single-sided ex vivo placenta perfusion without oxygenation
In the maternal circuit, medium gets pumped through an arterial valve from the reservoir directly to a bubble trap 
where potential air bubbles are removed before the medium reaches the placental tissue in the perfusion chamber. 
Since the medium is not enriched with oxygen in this set-up, it does not pass a oxygenator before it reaches the 
bubble trap. The medium enters the intervillous space through cannulae penetrating the decidua. After passing the 
intervillous space, the medium accumulates in the upper part of the perfusion chamber, where it is collected by a 
venous valve and gets fed back to the reservoir.
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Anti-STB EV-ELSA

 STB EV concentration in the ‘perfused suspension’ was measured using an 
enzyme-linked sorbent assay (ELSA) as originally published in Göhner et al. [30]. All 
samples have been quantified in duplicates.

Thrombin formation

 Thrombin formation induced by the different samples was measured us-
ing the tests ACTICHROME® Microparticle Activity (American Diagnostica GmbH, 
Pfungstadt, Germany) and ZYMUPHEN MP-Activity (Hyphen Biomed, Neuville-sur-
Oise, France) according to manufacturer’s instructions. All measurements were per-
formed in duplicates. Results are given in nM phosphatidylserine on the micropar-
ticle surface as equivalent for microparticle activity and thrombin formation.

Platelet aggregation

 Adenosine diphosphate (ADP)-induced platelet aggregation was analyz-
ed in platelet rich plasma (PRP). Blood was donated by two healthy non-pregnant 
volunteers both using hormonal contraceptives after informed consent. Venous 
blood was collected in sodium citrate-containing tubes (S-Monovette Coagula-
tion, pre-dosed 0.106 M sodium citrate, Sarstedt AG & Co., Nümbrecht, Germany). 
PRP was collected after centrifugation of whole blood at 420 g for 12 min at RT. 
Platelet poor plasma (PPP) was produced by subsequent centrifugation at 4 700 
g for 12 min at RT. Platelets were counted in PRP using a PocH-100iV Diff (Sysmex 
Europe GmbH, Norderstedt, Germany) or Z2 Coulter counter analyzer (Beckman 
Coulter GmbH, Krefeld, Germany). PRP was adjusted to a final concentration of

Figure 2: Protocol of the successive (ultra-)centrifugation of ex vivo placenta perfusion samples for the produc-
tion of exclusion samples without cell debris, STB MV and exosomes (protocol adjusted from [44])
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2.5*108 platelets/mL by dilution in PPP. PRP was kept in polypropylene tubes at 
RT during experiments. Aggregation tests were performed in a PAP-4 aggregom-
eter (Biodata Corporation, Horsham, USA) applying donor-conform PPP to adjust 
the 100 % baseline aggregation. Tests were performed in non-siliconized test tubes 
(MöLab GmbH, Langenfeld, Germany). Prior to the test, 400 µl PRP was pre-heat-
ed to 37 °C for 10 min. Fractioned perfusion samples (50 µL) were added 30 sec 
before the measurement. Test tubes were placed to the measuring position and 
measured for 10 min. After 1 min of measurement, aggregation was induced by 
adding of 50 µL ADP (Adenosine 5′-diphosphate sodium salt bacterial, ≥95% (HPLC), 
Sigma-Aldrich Chemie GmbH, Steinheim, Germany). ADP was added either at a final 
concentration of 2.5 µM to analyze the rate of aggregation defined as slope in ∆OD/
min; or at a final concentration of 25 µM to analyze the maximum aggregation de-
fined by absorption based on initial aggregation in percent of PPP baseline. All tests 
were measured in duplicates per blood donor.

Statistics

 Statistical analysis was performed using SPSS 20 (IBM, Ehningen, Germany). 
For all analysis, samples have been pre-grouped according to sample type, phase of 
perfusion and oxygen supply. All data sets have been tested for normal distribution 
(P > 0.05) with the Shapiro-Wilk test. Not all data sets were normally distributed, 
thus all sample medians have been compared with the Mann-Whitney-U test. Sig-
nificance was assumed for P < 0.05. Furthermore, all sample sets have been tested 
for outliers within the sample groups based on their standard score following the 
rules for critical values of the Grubbs test. In case of the STBMV quantification, 
two values from the perfused suspension-low oxygen-middle phase-group and two 
values from the perfused suspension-oxygenation-early phase-group have been 
identified as outliers. Comparison of sample medians was performed with or with-
out exclusion of the outliers but yielded the same results by terms of significance.  
Additionally, we checked for correlation between thrombin formation and STB VE 
concentration as well as aggregation and STB EV concentration based on the Pear-
son’s correlation coefficient. A possible correlation was judged to be significant for 
related p-values below 0.05.
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Results

 To investigate the effects of placental factors on the coagulation system, 
placentae were perfused with or without oxygen and compared to medium control 
samples. We collected various fractions of the placental perfusates to study the 
effects of STB MV, exosomes and soluble placental factors (Figure 2).

Low oxygen levels in the placenta elevated STB EV release, which worsens over 
time

 Both placentae exposed to normoxic conditions and placentae exposed to 
low oxygen conditions produced STB EV throughout the whole duration of ex vivo 
placenta perfusion (Figure 3). Normoxic perfusion resulted in a stable STB EV count 
over perfusion duration (Figure 3). In contrast, low oxygen perfusions resulted in a 
significantly increased STB EV release over the time of perfusion. At late perfusion, 
the lack of oxygen led to a significantly higher STB EV count compared to “normox-
ic” placentae. 

Perfused suspensions from “low oxygen” placentae elevated thrombin formation 
in a time-dependent manner

 While medium control samples did not induce any thrombin formation, 
‘perfused suspension’ samples from “normoxic” placentae induced low thrombin 
formation unaffected by perfusion duration (Figure 4 A). In contrast, ‘perfused sus-
pension’ samples from “low oxygen” placentae induced an increased thrombin for-
mation, which significantly increased over perfusion time. During late perfusion, 
thrombin formation was significantly increased in comparison to ‘perfused suspen-
sion’ from “normoxic” placentae (Figure 4 A). Regarding the correlation of throm-
bin formation and STB EV concentration, the correlation coefficient was 0.007 (p = 
0.973) for ‘perfused suspension’ from “normoxic” placentae, and the correlation 
coefficient was 0.506 (p = 0.006) for ‘perfused suspension’ from “low oxygen” pla-
centae.

STB MV mediated the elevated thrombin formation induced by perfused suspen-
sions of “low oxygen” placentae

 To investigate which of the placental factors induced the observed effects 
in the ‘perfused suspension’ samples of the “low oxygen” placentae, the perfused 
suspensions of the “low oxygen” placentae were processed by centrifugation and 
ultra-centrifugation to create exclusion samples. To better observe the evolution of 
the discovered effects over perfusion duration, we used samples taken at all three 
time points during the perfusion experiment. Compared to ‘perfused suspension’



106

6 6

A lack of oxygen changes the coagulation capacities of 
syncytiotrophoblast microvesicles

samples, thrombin formation was significantly reduced with ‘minus cell debris’ 
samples only for the early phase of perfusion (Figure 4 B). ‘Minus STB MV’ samples 
reduced thrombin formation as compared to perfused suspension at all perfusion 
times (Figure 4 B). ‘Minus exosomes’ samples did not significantly reduce thrombin 
formation compared to ‘minus STB MV’ samples (Figure 4 B). 

Perfused suspensions from normal and “low oxygen” placentae affected ADP-in-
duced maximum platelet aggregation and the rate of platelet aggregation in an 
adjustable manner

 In platelet aggregometry, medium control samples, enriched with oxygen 
or not, were used to analyze the impact of the oxygen level towards platelet ag-
gregation. Both medium controls induced a high, constant maximum platelet ag-
gregation (Figure 5 A) and a low, constant rate of aggregation (Figure 6 A) showing 
that oxygen alone does not inflict any changes. ‘Perfused suspension’ samples from 
normoxic placentae significantly reduced the maximum aggregation to stable, low 
levels (Figure 5 A) and significantly increased the rate of aggregation to elevated, 
but highly variable levels (Figure 6 A). In contrast, ‘perfused suspension’ samples 
from “low oxygen” placentae induced a highly variable maximum aggregation sig-
nificantly different from the normoxic samples (Figure 5 A). However, the aggre-
gation rate was significantly reduced compared to ‘perfused suspension’ samples 
from normoxic placentae (Figure 6 A) and similar to the medium control levels. 
Regarding the correlation of maximum platelet aggregation and STB EV concen-
tration, the correlation coefficient was 0.007 (p = 0.966) for ‘perfused suspension’ 
from “normoxic” placentae, and the correlation coefficient was -0.165 (p = 0.403) 
for ‘perfused suspension’ from “low oxygen” placentae. Regarding the correlation 
of rate of platelet aggregation and STB EV concentration, the correlation coefficient 
was 0.018 (p = 0.914) for ‘perfused suspension’ from “normoxic” placentae, and the 
correlation coefficient was -0.076 (p = 0.702) for ‘perfused suspension’ from “low 
oxygen” placentae.

STB MV mediated the deregulation of platelet aggregation induced by perfused 
suspensions of “low oxygen” placentae 

 Compared to ‘perfused suspension’ samples of “low oxygen” placentae, 
‘minus cell debris’ samples significantly increased the maximum aggregation only 
for the early phase of perfusion (Figure 5 B) while the rate of aggregation was re-
duced for the late phase of perfusion (Figure 6 B). ‘Minus STB MV’ samples signifi-
cantly increased maximum platelet aggregation compared to ‘perfused suspension’ 
samples for the middle and late phase of perfusion (Figure 5 B), while the rate of 
aggregation was not significantly different compared to ‘perfused suspension’ sam-
ples (Figure 6 B). ‘Minus exosomes’ samples did not significantly increase maximum 
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platelet aggregation nor rate of aggregation compared to ‘minus STB MV’ (Figure 
5 B and 6B). Yet, the rate of aggregation was significantly reduced with ‘minus ex-
osomes’ samples compared to ‘perfused suspension’ samples in all phases of per-
fusion (Figure 6 B).
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Figure 3: Quantification of STB EV in perfused suspension from ex vivo placenta perfusion by ELSA technique
Perfusion was performed with oxygenation (+O2) or without oxygenation (-O2) to investigate the impact of oxygen 
towards the production of STBEV. The concentration of STB EV is given over the time of perfusion at which the 
perfusion samples were taken. Ten placentae were perfused with oxygenation and further five placentae were 
perfused at low oxygen levels. Every sample was quantified in duplicates. Mann-Whitney-U, P < 0.05

Figure 4: Influence of placental factors on the thrombin formation
The thrombin formation is indicated by the concentration of phosphatidylserines (PS) [nM] over the time of per-
fusion at which the perfusion samples were taken. Ten placentae were perfused with oxygenation and further five 
placentae were perfused at low oxygen levels. Depletion of cell debris, STB MV and exosomes was performed for 
three of the low oxygen perfusions. Every sample was analyzed in duplicates. Mann-Whitney-U, P < 0.05
A: Comparison of the impact of perfused suspension produced with (+O2) or without (-O2) oxygenation on the 
thrombin formation.
B: Stepwise exclusion of cell debris, STB MV and exosomes from the perfused suspension without oxygenation 
(-O2) alters the induction of thrombin formation. 
For clarity and facilitated comparison, the values of the samples “control, -O2” and “perfused suspension, -O2” are 
shown in parts A and B of this figure. “Control, +O2” and “control, -O2” samples did not induce thrombin formation. 
Thus, the respective boxes are not visible in the graphs.
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Figure 5: Influence of placental factors on the maximum platelet aggregation
The maximum aggregation is given as % of baseline aggregation (adsorption of platelet free plasma) in relation to 
the time of perfusion at which the perfusion samples were taken. Ten placentae were perfused with oxygenation 
and further five placentae were perfused at low oxygen levels. Depletion of cell debris, STB MV and exosomes was 
performed for three of the low oxygen perfusions. Every sample was analyzed in plasma of two donors in dupli-
cates, each. Mann-Whitney-U, P < 0.05
A: Comparison of the impact of perfused suspension produced with (+O2) or without (-O2) oxygenation on the 
maximum platelet aggregation.
B: Stepwise exclusion of cell debris, STB MV and exosomes from the perfused suspension without oxygenation 
(-O2) reverts the altered maximum platelet aggregation back to control level.
For clarity and facilitated comparison, the values of the samples “control, -O2” and “perfused suspension, -O2” are 
shown in parts A and B of this figure.

Figure 6: Influence of placental factors on the platelet aggregation rate
The rate of aggregation is given by ΔOD/min in relation to the time of perfusion at which the perfusion samples 
were taken. Ten placentae were perfused with oxygenation and further five placentae were perfused at low oxygen 
levels. Depletion of cell debris, STB MV and exosomes was performed for three of the low oxygen perfusions. Every 
sample was analyzed in plasma of two donors in duplicates, each. Mann-Whitney-U, P < 0.05
A: Comparison of impact of perfused suspension produced with (+O2) or without (-O2) oxygenation on the plate-
let aggregation rate.
B: Stepwise exclusion of cell debris, STB MV and exosomes from the perfused suspension without oxygenation 
(-O2) has no large influence on the platelet aggregation rate.
For clarity and facilitated comparison, the values of the samples “control, -O2” and “perfused suspension, -O2” are 
shown in parts A and B of this figure.
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Discussion

 This study showed that healthy placentae produced STB EV during perfusion 
and the oxygen level in the placenta had a huge impact on the amount and func-
tionality of placental factors shed into the perfusion suspension. The low shedding 
of STB EV and the low, regulated coagulant impact of the “normoxic” samples sug-
gest that the healthy placenta regulates coagulation on a controlled level. This accu-
rate adjustment of coagulation might be another feature of maternal physiology to 
regulate coagulation and to prevent premature bleeding or excessive post-partum 
bleeding [1,2,4], but also excessive clotting, infarction and thrombosis within the 
placenta as apparent by the down-regulation of maximum platelet aggregation by 
“normoxic” samples.[16,33] Compared to normoxic ex vivo placenta perfusion, low 
oxygen perfusion led to an increased concentration of STB EV produced by the pla-
centa over perfusion duration. Moreover, samples from low oxygen ex vivo placenta 
perfusion led to a significantly increased thrombin formation, while platelet aggre-
gation became highly deregulated. By fractioning the perfusates, we demonstrated 
that STB MV are the main mediator of these effects in the “low oxygen” samples.
 STB EV are formed by the placenta and shed into the maternal circulation 
starting from the end of the first trimester of pregnancy.[24,34] Their concentration 
increases throughout pregnancy and is even elevated in PE.[19] In this respect, the 
“low oxygen” perfusion of normal placentae in our study seems to mimic the PE 
placenta, since we also observed an increased STB EV release from “low oxygen” 
placentas. The different formation mechanisms of the STB EV subtypes, i.e. STB MV 
and exosomes, indicate that both subtypes have different functions.[24] Indeed, 
our study suggests different effects of STB MV and exosomes on coagulation pa-
rameters. PE is, amongst others, characterized by coagulopathies and deregulation 
of hemostasis.[9] Our study demonstrates that mainly the STB MV are mediating 
the observed effects of the ‘perfusion suspension’ samples of the “low oxygen” pla-
centae on thrombin formation and ADP-induced coagulation. This appears to be in 
line with a study of Heijnen et al. [27,35], although other studies found coagulation 
effects of exosomes [27]. 
 The question remains why STB MV of “low oxygen” placentae affect coag-
ulation differently compared with “normoxic” placentae. It is commonly accepted 
that PE is associated with placental infarction, acute atherosis [36] and low oxygen 
levels in the placenta, although it remains unclear whether to expect low oxygen 
levels in the whole placenta or hypoxic areas surrounding tissue infarcts [37]. There-
fore, we used the “low oxygen” placenta perfusion as a model for the preeclamptic 
placenta [38] In our study, we found a correlation between the thrombin forma-
tion and the STB EV concentration. Since it has been described, that PE features 
an increased STB EV release compared to normal pregnancy [19,34], this might be 
related to the increased coagulant potential in PE. However, there might also be 
functional differences between STB MV from “low oxygen” placentae and normal
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placentae due to phenotypical alterations of the STB MV in reaction to the lack of 
oxygen. The molecular load of STB EV from preeclamptic placentae has been shown 
to be altered compared to normal placentae [39], e.g. they expose more tissue fac-
tor [7], which could also initiate an increased thrombin formation. The effects of 
placental factors from our model hypoxic placentae are consistent with the coagu-
lopathy and deregulation of hemostasis observed in PE.
 As far back as 1994, it was shown that healthy placental chorioepithelial 
brush border membrane vesicles and basal plasma membrane vesicles are capable 
of reducing platelet aggregation.[29] Also in our study, we saw that factors released 
by normal placentae reduced platelet aggregation. In addition, factors from “low 
oxygen” placentae strongly de-regulated the platelet aggregation, suggesting that 
a sufficient oxygen supply to the placenta has an impact on the functionality of STB 
EV. None of the described effects on platelet aggregation were significantly correlat-
ed to the STB EV concentration. Therefore, we assume that STB EV from “low oxy-
gen” perfusions feature an altered molecular load just as STB EV from preeclamptic 
PE do [39], and that this may be related to the deregulation of platelet aggregation. 
For example placental alkaline phosphatase is present in the placenta and STB EV 
and might be even increased during PE. Alkaline phosphatases can be involved in 
the hydrolysis of ADP [40]. Thus, placental alkaline phosphatase might hydrolyze 
ADP, which was used as initiator of platelet aggregation in our study. Future studies 
may focus on the influence of STB EV on platelet aggregation which was initiated by 
other molecules, e.g. thromboxane analogues, to further clarify the pro-coagulant 
potential of STB EV.
 We identified the fraction of STB MV as the causing agent of the observed 
effects. A possible mode of influencing platelet aggregation is described in a study 
on the interaction of monocyte membrane vesicles with activated platelets.[41] The 
monocyte membrane vesicles fuse with the membrane of activated platelets based 
on phosphatidylserines on the vesicle surface.[41] A similar mode of membrane fu-
sion might explain how STB MV interact with platelets. Also, membrane vesicle-in-
duced thrombin formation was found in other studies on STB MV [7] or in cancer re-
search [42,43]. Membrane vesicles shed by the breast cancer cell line MDA-MB-231 
were found to feature a high tissue factor-mediated pro-coagulant activity.[43] In 
contrast to our study, the pro-coagulant activity was affiliated to membrane vesicles 
smaller than 100 nm. This implies that, although similarities occur between the 
function of placental and tumor-derived membrane vesicles, the role of the distinct 
subgroups might differ during pregnancy and cancer. 
 To better understand the function of STB MV during pregnancy and espe-
cially in PE, it is necessary to further investigate the phenotype of STB EV in healthy 
pregnancy compared to PE. For this purpose, it is important to remember that 
PE is a multifactorial syndrome, which is not limited only to impaired hemostasis, 
but also features, amongst others, deregulated immune reactions and endotheli-
al dysfunction. To improve our understanding of the underlying mechanisms, it is
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necessary to also focus on the immunogenic influence of the different STB EV phe-
notypes. It is essential to look for intersections of those fields and to place them in 
perspective to the disease PE. 
 In conclusion, we showed that placental factors interact directly with he-
mostasis and that the oxygen supply to the placenta has a huge impact on these 
interactions. Furthermore, we illustrated that the impairment of the pro-coagulant 
activity under low oxygen conditions is mediated by STB MV. We suggest that the 
lack of oxygen during perfusion results in phenotypic, and therefore functional, al-
terations of the STB MV and that a comparable process might alter the STB MV in 
actual PE as well.
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