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       ABSTRACT
  Preeclampsia (PE) affects 2 to 8% of pregnant women and represents one of the major causes of maternal and 
perinatal morbidity and mortality, particularly in sub-Saharan Africa. A limited number of biomarkers have been 
proposed for the identification of pregnant women predisposed to preeclampsia. Syncytin-2 is an endogenous 
retrovirus envelope protein playing a key role in placental formation through the fusion of villous cytotrophoblasts, 
resulting in syncytiotrophoblast formation. The reduction of Syncytin-2 levels detected in placental tissue and on 
the surface of exosomes has been shown to strongly correlate with the severity of symptoms in preeclamptic 
patients. We were thus interested in conducting an analysis of a Benin cohort of pregnant women over the 
predictive value of this marker. From July 2015 to January 2017, 260 pregnant women were recruited in two health 
facilities. Blood samples were monthly collected from the beginning of pregnancy up to 20 weeks of gestation 
and exosomes were then isolated. We then compared Syncytin-2 levels in exosome preparations from women 
who presented PE to those with normal pregnancy. Our results showed that Syncytin-2 significantly decreased 
between 7 to 10 weeks of gestation in pregnant women with PE compared to normal pregnant women (p=0.02). 
Our study thereby suggests that Syncytin-2 could be a promising biomarker for early diagnosis of PE. 
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Introduction
 Preeclampsia (PE) is the most common placental disorder 
occurring during pregnancy worldwide [1]. It is characterized 
by vascular dysfunction and exacerbated inflammation [2-6]. 
This disorder is often associated with changes in the levels of 
cytokines, chemokines, blood coagulation factors, and apoptotic 
markers [7]. In most cases, PE leads to multi-organ failure in the 
mother such as renal insufficiency, liver dysfunction, neurological 
or hematological complications, uteroplacental dysfunction and 
is responsible for significant maternal and perinatal morbidity 
and mortality. PE affects 2 to 8% of pregnancies representing 
a very high burden in low and middle-income countries (LMIC) 
[8-11]. In sub-Saharan Africa, severe PE and eclampsia are 
diagnosed in more than 15% of pregnancy [12]. Indeed, 99% of 
deaths related to PE occur in LMIC [12,13]. Symptoms related 
to PE result from systemic inflammation, oxidative stress, and 
endothelial dysfunctions [2]. Severe PE is normally associated

with the early appearance of symptoms, but can also occur 
at a later stage, i.e. 4-12 weeks postpartum [14]. However, 
suitable management of PE would require the early detection 
of predisposed pregnant women.
 Important progress has been made in understanding the 
pathophysiology of PE. However, early diagnosis remains 
limited. Only two biomarkers are being used for the diagnosis of 
PE: low PlGF (Placental Growth Factor) and high sFlt-1(Soluble 
Fms-Like Tyrosine Kinase 1). sFlt-1/PlGF ELISA ratio is used in 
Europe, US, and Canada for the identification of women at 
risk of developing PE in the second and third trimesters of 
pregnancy [15,16]. However, earlier diagnosis of PE is crucial in 
reducing maternal and fetal perinatal morbidity and mortality 
and preventing long-term postnatal maternal and newborn 
complications.
 Syncytin-2 (S2) is a protein encoded by a human endogenous 
retrovirus (HERV) gene [17, 18] with fusogenic and 
immunosuppressive functions [19-22]. In addition to its 
key role in placental formation through the fusion of villous 
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cytotrophoblasts with the multinuclear syncytiotrophoblast, 
exosome-associated S2 has also been suggested to contribute to 
the immunomodulation prevailing in the placental environment 
[20,21,23-26]. Interestingly, it has been shown that serum-
derived exosomes and placental tissues from PE patients 
showed lower abundance in S2 when compared to samples 
from women with normal pregnancy [25, 27]. We have therefore 
hypothesized that S2 embedded on the surface of exosomes 
could be used as an early biomarker of PE. The present study 
aimed to assess the beneficial predictive value of exosome-
associated S2 in pregnant women predisposed to develop PE. 
Our results demonstrate a significant difference in S2 levels in 
PE patients vs. control at early time points and suggest that this 
protein should be further considered as an early marker for PE 
predisposition.

Methods
Study area and cohort
 Pregnant women (n=533) were recruited in two health facilities 
in Southern Benin (the Centre Hospitalier Universitaire-Mère et 
Enfant de la Lagune and the Deo Gratias hospital). The study 
was conducted from July 2015 to January 2017. Following the 
exclusion of 273 women due to several reasons, 260 women 
were maintained in the study and were thus followed throughout 
their pregnancy with continuous monitoring for PE symptoms 
based on the recommendation from the International Society 
for the Study of Hypertension in Pregnancy, the Canadian 
Hypertension Society, and the Society of Obstetricians and 
Gynaecologists of Canada and Benin. PE was defined as de 
novo hypertension detected after 20 weeks of gestation (WG) 
combined with proteinuria (>300 mg/day) [28]. Only 23 (8.8%) 
samples were harvested before 7 WG. Among them, 2 (0.77%) 
had developed PE.
Isolation of exosomes from serum samples
 Peripheral blood (7 ml) was monthly harvested from all 
participants from the beginning of pregnancy to 20 WG. Serum 
from blood samples was first stored at -20°C. Exosomes were 
then isolated, using the ExoQuick™ kit (EXOQ20A-1, System 
Bioscience, Mountain View, CA, USA), as previously described 
[25]. Briefly, sera were thawed on ice and centrifuged at 3000g 
for 15 minutes to remove cells and cellular debris. Serum-derived 
exosomes were isolated by adding exosome precipitation 
solution to 250 μl of serum. Tubes were inverted three times 
and the mixture was then incubated for 30 minutes at 4°C. After 
centrifugation at 1500 g for 30 minutes at 4°C, supernatant 
and excess of Exoquick solution were gently removed. After 
2 consecutive washes in 0.1 M sodium phosphate, the pellet 
was resuspended in 100 μl binding buffer solution. Exosome 

preparations were next incubated at 37°C for 20 minutes, and 
after centrifugation at 1500 g for 5 minutes, supernatants 
(containing exosomal proteins) were transferred to a new tube 
and quantified for protein concentration using the PierceTM 
BCA Protein Assay Kit (2322; Waltham, Ma, USA). Samples were 
then stored at -20°C until use. 
Quantification of S2 by ELISA
 The CD63 ExoELISA kit (EXOEL-CD63A-1; System Biosciences) was 
used to normalize the amount of exosomes from sera, according 
to manufacturer’s recommendations and further optimized 
for S2 quantification. Briefly, 96 well plates were incubated 
overnight at 37°C with 50 μg of exosomal proteins. Plates were 
washed three times with phosphate-buffered saline (PBS) and 
incubated with anti-CD63 (1:100; System Biosciences) or our 
purified anti-Syncytin-2 antibody (4 μg/ml in blocking solution 
[25]). Bound anti-CD63 or anti-Syncytin-2 antibodies were 
then detected with horseradish peroxidase (HRP)-conjugated 
anti-rabbit antibody (1:5000; System Biosciences) added for 1 
h at room temperature. After three washes, HRP activity was 
assessed by the addition of the TMB (TetraMethylBenzidine) 
substrate. After the addition of the stopping solution (H2SO4 
1M), absorbance (450 nm) of each sample was measured on a 
microplate reader (F 200 pro Tecan). S2/CD63 ratios were finally 
determined from the measured absorbances.
Statistical analyses
 Data were collected and analyzed using Microsoft Excel 2010 
and Stata 15 (College Station, TX, USA), respectively. Mean 
and proportion was compared using paired Student t, Mann 
Whitney and Chi2 Pearson, or Fisher exact test depending on 
the distribution of variables. The threshold of significance was 
set to a p-value ≤ 0.05. The median of the ratios of S2/CD63 was 
outlined using quartile values. 
Ethical statement 
 This study was approved by the Ethics Committee from the 
Institute of Applied Biomedical Science of Cotonou, Benin. All 
recruited pregnant women had signed an informed consent 
form to participate in the study. 
Results
 The mean age in our study group was 28.70 (SD ± 5.13, range 
15-41) years (Table 1). The mean age in the PE group was 27.09 
SD ± 6.24) years in comparison to 27,98 (SD ± 5,22) years in the 
normal pregnant women group. The mean gestational age at 
delivery was 38.70 WG (SD ± 1.52) in normal pregnant women 
and 37.76 WG (SD ± 2.07) in PE women. All PE patients (n=24, 
8%) had diastolic blood pressure exceeding 90 mmHg and 
proteinuria ≥ 0.3 g/d (in 24-hour harvest) Thirty-one percent of 
the women were primiparous gravidity. 

Table 1: Clinical characteristics of healthy pregnant women and patients with preeclampsia

Characteristics Healthy pregnant women (n=236) PE (n=24) P-value

Age 27.98 ± 5.22 27,09 ± 6.24 0.435

Gestational ages at delivery 38.70 ± 1.52 37.76 ± 2.07 0.058

Age and gestational ages at delivery are expressed as means ± SD.

 S2 and CD63 levels were quantified by ELISA in serum-derived 
exosomal samples and the logarithm values of S2/CD63 ratios 
were then calculated. In the overall study population, the 
incorporation of the S2/CD63 ratio was constant between 0 and 

20 weeks of gestation (Figure 1A). Although S2/CD63 ratios in 
serum-derived exosomes of normal pregnant women showed 
the same trend (Figure 1B), in PE patients, ratios were more 
modest, especially at early time points (Figure 1C). The mean 
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PE (P=0,04)(Table 2). Women with a ratio of S2/CD63 ≤ 17.5 
before 10 weeks of gestation were 6 times more likely to suffer 
from preeclampsia (P=0,03)(Table 3).

and PE-derived samples (Figure 2). Specifically, the median S2/
CD63 ratio between 7 and 10 WG among women with PE was 
significantly lower than those with normal pregnancy (P=0.02) 
(Figure 3).

Discussion
 We aimed to assess the potential relevance in using S2 as an 
early biomarker of PE. In this study, we showed that S2 levels 
significantly decreased from 7 to 10 weeks of gestation in 
serum-derived exosomes in pregnant women with PE compared
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of the S2/CD63 ratio in serum-derived exosomes harvested 
before 10 weeks of gestation, showed higher levels of S2 in 
samples from normal pregnant women compared to those with 

 Pregnant women were further analyzed according to their 
gestational age. As depicted in Figure 2, an increased abundance 
of S2 was observed in serum-derived exosomes from normal 
pregnant women vs. PE women between 0 and 13 WG. 
 To determine the useful time for an early diagnosis of PE, 
we compared the median of the S2/CD63 ratio at different 
gestational ages. The median distribution of S2/CD63 ratios 
varied with gestational age and preeclampsia status with a 
significant difference displayed before 10 WG (P=0.03) and 
between 10 to 13 (P=0.04) weeks of gestation between normal 

Figure 1: CD63-normalised S2 levels in serum-derived exosomes of pregnant women according to gestational age. S2 and CD63 levels were measured in serum-
derived exosomes from normal and PE pregnant women by ELISA from the first to the 20th gestational week. The natural logarithm (ln) mean values of S2/CD63 
ratio were calculated and are presented as a solid line for the entire cohort, (A): healthy pregnant women (B): and PE patients (C): IC95% values are presented 
as dashed lines. Circles represent each patient.

Table 2: Measurement of S2/CD63 ratios in normal pregnant women vs. PE patients at 10 weeks of gestation.

Table 3: Assessment of the risk of preeclampsia in women with a ratio of S2/CD63 ≤ 17.5 before 10 weeks of gestation.

Status Observed Mean of P-value

Control 74 30.63 ± 27.80 0.04

Preeclampsia 10 12.55 ± 11.68

Total 84 28.47 ± 27.00  

S2/CD63 Odd Ratio 95% Conf Interval P-value

>17.5 1   

≤ 17.5 5.87 1.16-29.57 0.032
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to normal pregnant women (p=0.02). Our data thus suggests 
that S2 could be a promising biomarker for early diagnosis of PE.
 As clinical signs of PE only appear at 20 weeks of gestation, 
diagnosis of PE before this period of gestation should be 
beneficial for appropriate medical monitoring of suspected 
cases of PE. To determine the most adequate time point, 
we have compared the incorporation of in serum-derived 
exosomes of healthy pregnant women with those of PE 
patients before 10 weeks of gestation. Recruitment of pregnant

women during the first trimester of gestation especially before 
10 WG was an important challenge, as most Beninese women 
come for their first antenatal consultation between 16 and 
20 WG. Nonetheless, we were successful in recruiting several 
pregnant women before 10 weeks of gestation.
 Several studies have shown that preeclampsia is associated with 
abnormal placentation [2]. This defect is followed by a systemic 
inflammatory response [2-5]. Also, as the placenta produces 
exosomes with immunosuppressive properties [21,23], potential 
defects in exosomes could also contribute to the severity of PE 
symptoms [21,25]. Further evidence from our group and others 
have argued that HERV-encoded S2, known to be implicated 
in the formation of the placenta and the maintenance of the 
immunosuppressive environment [20-22,29,30], shows a 
marked reduction in its levels in exosome and placental tissue 
of PE patients. These observations suggested that S2 could be 
used for PE diagnosis, especially knowing that serum-derived 
exosomes produced by the placenta should reflect the level of 
S2 expressed in the placenta.
 Isolation of exosomes from blood represents a very useful 
choice for diagnostic purposes. However, many factors such 
as the type of anticoagulant, blood handling, time of sample 
collection, hemolysis, and others, may affect the composition 
and characteristics of exosomes in downstream analysis, 
leading to inaccurate results [31]. Thus, to ensure the quality 
of placenta-derived exosomes, the International Society for 
Extracellular Vesicles has recommended the use of tetraspanins 
(CD9, CD63, and CD81 and HSP70) to define exosomes [32]. 
In this study, we have used CD63 to normalize the number 
of exosomes, although we are aware that this marker is also 
present in other subpopulations of extracellular vesicles [33]. 
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Figure 2: Comparison of the median of S2/CD63 ratios in relation to the gestational age (weeks) and PE status. Values represent the mean of S2/CD63 ratios 
in normal pregnant women (pale blue) and in PE patients (pale red). Median values varies with gestational age and PE status, showing a significant difference 
between 0-10 (P=0.03) and 10-13 (P=0.04) weeks of gestation. 

Figure 3: Low levels of CD63-normalised S2 from 7 to 10 weeks of gestation in 
serum-derived exosomes from PE patients. Values represent the mean of S2/
CD63 ratios in normal pregnant women (blue) vs. PE patients (red). Median 
S2/CD63 values in women with PE is significantly lower than in pregnant 
women from the control group between 7 and 10 WG (P=0.02). 
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