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Abstract
Aims: Previous studies have revealed that the increased shedding of syncytiotrophoblast 
extracellular vesicles (STBM) may lead to preeclampsia (PE). We aimed to identify the proteins 
carried by STBM and their potential pathological roles in early-onset severe PE. Methods: In 
this study, we performed a differential proteomic analysis of STBM from early-onset severe 
PE patients, using iTRAQ isobaric tags and 2D nano LC-MS/MS. STBM were generated by the 
in vitro explant culture method, and then verified by electron microscopy and western blot 
analysis. Results: A total of 18 533 unique peptides and 3 317 proteins were identified, 3 292 
proteins were quantified. We identified 194 differentially expressed proteins in STBM from 
early-onset severe PE patients, 122 proteins were up-regulated and 72 proteins were down-
regulated. Further bioinformatics analysis revealed that mitochondrion, transmembrane 
transport and transmembrane transporter activity were the most abundant categories in gene 
ontology (GO) annotation. Glycolysis/ gluconeogenesis, citrate cycle, fatty acid elongation, 
steroid hormone biosynthesis and oxidative phosphorylation were the five significantly 
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represented pathways. Four differentially expressed proteins (siglec-6, calnexin, CD63 and 
S100-A8) related to inflammation, coagulation or immunoregulation were independently 
verified using western blot. Conclusions: The identification of key proteins carried by STBM 
may serve not only as a basis for better understanding and further exploring the etiology 
and pathogenesis of PE, but also as potential biomarkers and in providing targets for future 
therapy in PE, especially in early-onset severe PE(sPE).

Introduction

Preeclampsia (PE) is a pregnancy-specific disease characterized by hypertension and 
proteinuria after 20 weeks gestation, which affects 2-8% of pregnancies worldwide. Early-
onset PE (< 34 weeks’ gestation) is generally regarded as a severe condition, and is a leading 
cause of maternal and neonatal mortality, especially in developing countries [1].

As the pathogenesis of PE remains not well illuminated, the therapy is passive and 
limited, and the termination of pregnancy is the only definitive treatment. Severe PE(sPE) 
was defined as blood pressure ≥ 160/110 mmHg, heavy proteinuria (≥3+) and manifestations 
of multiple organ damage or dysfunction [2]. Consequently, sPE is an important 
iatrogenic cause of prematurity. Recently the placenta has become a focus of researchers’ 
attention, as early-onset PE is generally considered as a primarily placental disease [3-5]. 
Syncytiotrophoblast extracellular vesicles (STBM) are continuously shed and secreted from 
the placental syncytium into the maternal circulation in normal pregnancy. Significantly 
increased amounts of STBM have been discovered in PE [6], especially in early-onset PE [7, 
8]. STBM mainly comprise microparticles and exosomes, which vary in size, morphology and 
function. Quantities of in vitro experiments focused on the biological functions of STBM in PE 
have uncovered proinflammatory [9-12], procoagulant [13, 14], anti-angiogenic [15-21] and 
immunoregulatory activities [10, 22-25], which may explain the principal pathophysiological 
processes and clinical features of this disorder. However, the key molecules, as well as 
the precise mechanism of STBM in PE, are still not fully understood. As proteins are the 
molecules that execute a vast array of functions, there may be multiple proteins carried by 
STBM involved the aforementioned processes. Analysis of the composition of STBM and its 
essential proteins may result in targets for intervention and blockade that providing new 
therapeutic strategies. To our knowledge, only one review article [26] from a research team 
at the University of Oxford has mentioned their partial STBM proteomics results. To uncover 
the total protein composition of STBM, further studies are required.

Isobaric tags for relative and absolute quantitation (iTRAQ) combined with two-
dimensional liquid chromatography-tandem mass spectrometry (2D LC-MS/MS) is one of 
the most powerful methodologies in quantitative proteomics. Here, we aim to establish a 
comparative proteome profile of the STBM in normal and early-onset PE pregnancies using 
8-Plex iTRAQ labeling coupled with 2D nano LC-MS/MS.

Materials and Methods 

Patients
The study protocol was approved by the Research Ethics Committee of the Daping Hospital (Chongqing, 

China). All 36 participants provided written informed consent according to the Declaration of Helsinki. 
Human placentae were obtained sterile after caesarean delivery, all samples were processed within 30 min 
of collection. Control pregnant women were from breech presentation or scarred uterus pregnancy, and 
selected if they had no history of hypertension or chronic illness, a singleton pregnancy without known fetal 
abnormalities, and natural conception. Early-onset sPE was defined as new hypertension (blood pressure 
≥160/110 mm Hg on two consecutive occasions) and new proteinuria (24 h secretion of ≥5 g or ≥3+), in 
the absence of urinary tract infection. Women with chronic hypertension, chronic renal disease, diabetes 
mellitus, cardiac disease, or autoimmune disease were excluded from the study.

 Copyright © 2015 S. Karger AG, Basel
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Purfication of STBM
STBM were prepared from placentae by modification of the method of in vitro explant culture, as 

previously described [15, 27]. Briefly, the villous tissue was isolated from the placentae by carefully 
removing the decidua and visible vessels, washing six times in sterile phosphate buffered saline (PBS), and 
then cutting the villous tissue into 1- to 2-mm pieces. Two hundred milligram wet weight of explants were 
cultured in 100 mm culture dishes (Corning, NY) with 30 ml of Dulbecco Modified Eagle’s Medium (DMEM): 
F12 Nutrient Mixture (1:1) (Gibco, Grand Island, NY) containing 1% antimycotic/antibiotics (Gibco, Grand 
Island, NY), 10% fetal bovine serum (Gibco, Grand Island, NY), 25 U/ml heparin (Roche Diagnostics, 
Germany) and 50 U/ml aprotinin (Sigma, USA) for 72 h at 37°C . To purify STBM, culture supernatants were 
processed by a four-step centrifugation/ultracentrifugation at 4°C (by modification of the method of Smith 
[28] and Théry [29]): 1000 × g for 15 min; 10 000 × g for 15 min, at each of these steps, the pellet (include 
large dead cells and large cell debris) is thrown away, and the supernatant is used for the following step, 
at the third step the supernatant is ultracentrifugation at 100 000 × g for 60 min, then the pellets were 
pooled and washed in a large volume of sterile 0.22 µM filtered phosphate buffered saline (fPBS), and then 
ultracentrifuged at 100 0000 × g for another 60 min to eliminate contaminating proteins, the final pellets 
were resuspended in fPBS, aliquoted and stored at -80°C until used. Total protein concentrations were 
measured by a bicinchoninic acid (BCA) assay (Beyotime Biotechnology, Haimen, China).

Electron microscopy (EM)
Scanning electron microscopy. STBM suspensions were mixed 1:1 with 2.5% glutaraldehyde for 2 h at 

room temperature. One drop of fixed STBM suspension was deposited on mica slice (pretreated with 95% 
alcohol), covered and allowed to dry. After gold-plating surface treatment, the preparations were examined 
and photographed in a scanning electron microscope (SEM; Hatchi, S-3400N Ⅱ, Japan). STBM diameters 
were measured using Image-Pro Plus 6.0 software.

Immunoelectron Microscopy. STBM suspensions were mixed 1:1 with 4% paraformaldehyde for 30 
min at 4°C and then were applied to 200-mesh nickel grids, treated with PBS/50 mM glycine and 5% bovine 
serum albumin(BSA)/10% goat serum to block non-specific binding, then incubated with NDOG1(Abcam, 
ab11460) diluted 1:100 in 1% BSA-PBS blocking solution for 60 min at 4°C. After washing by 0.1%BSA-
PBS and 0.5%BSA-PBS in turn, the grids were incubated with 1.4 nm NANOGOLD® goat anti-mouse IgG 
(Nanoprobes, USA) for 30 min at 4°C, while the control group were incubated with 1%BSA-PBS instead 
of goat anti-mouse IgG. Grids were then transferred to 2.5% glutaraldehyde for 5 min to stabilize the 
immunoreactions. Subsequently, the grids were incubated with silver enhance solution (Nanoprobes, USA) 
for 5 min. After rinsing with PBS and distilled water, the grids were negatively stained with uranyl acetate 
and examined in the transmission electron microscope (TEM; Philips, TECNAI10, Holland) at 80 kV.

Western blotting 
Western blotting was performed to assess the preparation of STBM and verify the differentially 

expressed proteins by iTRAQ analysis. One-hundred microliters of STBM suspension was lysed by 100 µL 1× 
RIPA buffer containing 1 mM PMSF. Lysates were centrifuged at 12 000 × g for 15 min at 4°C. Protein levels 
were quantified by the BCA method. After boiling in SDS-PAGE sample buffer, the proteins were separated 
with 10% or 15% SDS-PAGE gels and then transferred to PVDF membranes (Millipore, Billerica, MA, USA). 
After blocking with TBST (50 mM Tris-HCl pH 7.4, 0.5 M NaCl, 0.05% Tween 20) containing 5% (w/v) 
skim milk for 4 h at 37°C, the membranes  were incubated overnight at 4°C with primary antibodies to 
hsp70 (Thermo Fisher, MA, PA5-28003, 1:500), tsg101 (Santa Cruz, CA, sc7964, 1:1000), flotillin-1 (Santa 
Cruz, CA, sc25506, 1:500), siglec-6 (Abcam, MA, ab38581, 1:800), Calnexin (Cell Signaling Technology, MA, 
2679,1:1000), CD63 (Abcam, MA, ab118307,1:800), and S100-A8 (Abcam, MA, ab92331, 1:2000). After 
three washes with TBST, membranes were incubated with the appropriate secondary antibody (1: 2000) at 
room temperature for 2 h, followed by incubation in enhanced chemiluminescence (ECL) kit (GE Healthcare, 
USA). The proteins were quantified using Labwork 4.6 (UVP, Upland, CA, USA). The immunoblot experiments 
were repeated at least three times, and representative images are shown.

Trypsin Digestion and iTRAQ Isobaric Labeling 
Protein digestion, peptide extraction, and LC-MS/MS analysis were performed as described previously 

[30, 31]. Briefly, each sample of proteins (300 µg) was added with dithiotreitol solution diluted in 100 mM, 
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incubated in boiling water for 5 min, cooled to room temperature, then mixed with 200 μL UA buffer (8 M 
Urea and 150 mM Tris-HCl pH8.0) and transferred onto a 10 kD ultrafiltration filter (Sartorius, German), 
centrifuged at 14,000 × g for 15 min, mixed and centrifuged again with 200 μL UA buffer. The filter solution 
was then discarded. Subsequently, 100 μL of iodoacetamide (50 mM in UA buffer) was added into the filter, 
oscillated at 600 × g for 1 min. After 30 min of incubation in darkness, the filter was centrifuged at 14 000 
× g for 10 min, washed twice with 100 μL UA buffer as the previous condition. Then, 100μL dissolution 
buffer (Applied Biosystems, USA) was added to the filter and centrifuged as the previous condition for twice. 
Finally, 5 μg trypsin in 40 μL dissolution buffer was added to each filter, oscillated at 600 × g for 1 min, 
incubated at 37°C for 16-18 h, then the filter was transferred to a new collecting pipe and centrifuged at 14 
000 × g for 10 min. The peptide concentration was then analyzed at 280 nm [31].

Fifty micrograms of peptide mixture was labeled with the 8-plex iTRAQ reagents according to the 
manufacturer’s protocol (Applied Biosystems, USA). For the iTRAQ experiments, three independent 
biological replicates and two technical replicates were performed in each group. In sPE group: biological 
replicate 1 was labeled 117, replicate 2 was labeled 118, replicate 3 was labeled 121, and technical replicates 
were labeled 117 and 119. In the control group: biological replicate 1 was labeled 113, replicate 2 was 
labeled 114, replicate 3 was labeled 115, and technical replicates were labeled 114 and 116. The three 
biological replicates were used to profile and quantitate the STBM proteome. The two technical replicates 
were used to detect the efficacy of mass spectrometer. The labeling solution reaction was incubated at room 
temperature for 1 h before further analysis.

2D LC-MS/MS
Strong Cationic exchange Chromatography Separation. The mixed peptides were fractionated by strong 

cation exchange (SCX) chromatography on a Polysulfethyl 4.6 × 100 mm column (5 μm, 200 Å, Poly LC Inc, 
Maryland, USA). Buffer A was composed of 10 mM KH2PO4 pH3.0 and 25% (v/v) acetonitrile, buffer B was 
buffer A with 500 mM KCl .The peptides were eluted at a flow rate of 1 mL/min with a gradient of 10-20% 
buffer B for 10 min, 20-45% buffer B for 10 min. A total of 30 SCX fractions were collected, then combined 
into 8 pools and desalted on C18 cartridges (66872-U, Sigma).

Reversed Phase LC-ESI-MS/MS
Each SCX fraction was analyzed on a Q Exactive MS (Thermo Finnigan) equipped with Easy nLC 

(Thermo Fisher Scientific). Peptide mixture was separated by the Zorbax 300SB-C18 peptide traps 
(AgilentTechnologies, USA) (100 mm × 75 μm, 3μm) at 250 nL/min, then separated with a linear gradient 
of buffer C (84% acetonitrile and 0.1% Formic acid) over 120 min. MS/MS data were acquired using the top 
10 most abundant precursor ions from the survey scan (300-1800 m/z) for HCD (high-energy collisional 
dissociation) fragmentation. Determination of the target value was based on predictive Automatic Gain 
Control (pAGC). The dynamic exclusion was 40.0 s. The resolution was set to 70 000 at m/z 200 for survey 
scan and 17,500 at m/z 200 for HCD spectra, respectively. The normalized collision energy was 30 eV and 
the underfill ratio was 0.1%. The instrument was run with peptide recognition mode.

Data analysis 
MS/MS spectra were performed using MASCOT engine (version 2.2, Matrix Science) embedded 

into Proteome Discoverer 1.4 (Thermo Electron, San Jose, CA, USA), searching against a human sequence 
database (uniprot_human.fasta, download January 2014, 134 919 sequences). Search parameters were set 
as follows: peptide mass tolerance at ±20 ppm, fragment mass tolerance at 0.1 Da, trypsin enzyme with 
the max missed cleavages up to 2, fixed modification of iTRAQ 8plex (N-term), iTRAQ 8plex (K), variable 
modification of oxidation (M) and iTRAQ 8plex (Y). All data were reported based on 99% confidence for 
protein and peptides identification as determined by false discovery rate (FDR) ≤ 1%. Only spectra where 
all the expected iTRAQ reporter ions were detected and unique peptide were used for quantification. The 
Proteome Discoverer application calculated protein ratios as the median of all peptide hits belonging to a 
protein. The final ratios were then normalized with the median average protein ratio, assuming that most 
proteins remained unchanged in abundance.

Bioinformatics analysis
The cellular component, molecular function, and biological process of proteins were annotated by 

gene ontology (GO) database (http://www .geneontology.org/). The signaling pathways were generated by 
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searching against the Kyoto Encyclopedia of Genes and Genomes database (http://www.genome.jp/kegg/
pathway.html). The protein-protein interaction network was analyzed by Search Tool for the Retrieval of 
Interacting Genes/Proteins (STRING) software (http://string.embl.de/). Hierarchical cluster analysis was 
performed on the log-transformed fold-change expression values for the differentially expressed proteins 
using the Cluster 3.0 software.

Statistical analysis
The experimental data were presented as means ± standard deviation (SD). Differences between the 

control and sPE groups were analyzed with independent sample t tests using SPSS 18.0 software, for iTRAQ 
analysis, differentially expressed proteins were defined as p < 0.05 and fold-change ≥ 1.2, and significance 
was defined as p < 0.05 to calculate all other statistics.

Results

Patient Data
A total of 6 subjects were selected for the iTRAQ experiments, 3 participants per group 

(Table 1 upper section). The clinical characteristics of each group are presented in Table 
1. There was no significant difference in parity (not shown) or maternal age at the time 
of booking. Body mass index and maximum diastolic and systolic blood pressures were all 
significantly higher in the PE patients compared to the control group (Table 1 upper section). 
As would be expected, birth weight and placenta weight were both significantly lower in 
sPE-affected pregnancies (Table 1 upper section). The pregnancy duration of the sPE group 
(n =3) was no significant difference than that of the control group (233.7 ± 2.1 days vs 250.3 
± 11.5 days, p > 0.05). To verify the proteins detected by iTRAQ, thirty additional subjects 
divided over the above groups were additionally included to enhance the numbers in the 
experiments, resulting in a total of 36 participating subjects (Table 1 lower section). The 
pregnancy duration of the sPE group (n =24) was no significant difference than that of the 
control group (231±6.9 days vs 265±8.7 days, p > 0.05) as well.

Validation of STBM using electron microscopy and Western blotting
STBM was obtained by the combination of in vitro explant culture method and a four-step 
centrifugation/ultracentrifugation. STBM preparations were verified by EM and western 
blot analysis as shown in Figure 1. SEM showed that purified STBM were membrane-bound, 
irregular or spherical structures and heterogeneous in size, ranging from approximately 

Table 1. Characteristics of the participating subjects
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30 to 1 700 nm (Fig. 1A, 1B). The morphology and size distribution were consistent with 
previously reported STBM preparation [15]. Western blots were performed to detect the 
marker proteins, with all the STBM fraction showing activity to EV biomarkers including 
hsp70, tsg101 and flotillin-1 as shown in Figure 1F. To confirm that syncytiotrophoblast 
membraneous material was present in the STBM preparations, we examined this for the 
presence of NDOG1, a syncytiotrophoblast-specific protein, using an immunoelectron 
microscopy. As observed in Figure 1C and Figure 1D, we confirmed that the NDOG1 antibody 
bound to placental vesicles by TEM, while there had no evident immunogold labeling in 

Fig. 1. Validation of STBM. (A) and (B) Representative scanning electron micrograph of STBM isolated from 
control and sPE group. (C) and (D) Representative transmission electron micrograph of STBM, immunogold 
labeling with anti-NDOG1(1:100). The arrowheads indicate labeled STBM. (E) Representative transmissi-
on electron micrograph of control group (incubated with 1%BSA-PBS instead of goat anti-mouse IgG). (F) 
Representative image of western blot for the presence of hsp70, tsg101 and flotillin-1. A1-A4 and B1-B4 
represent different STBM isolated from control and sPE group, respectively. A2 and A4, B1 and B3 are the 
same subjects in each group.
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the control group (Fig. 1E). Taken together, these results suggest that STBM preparation 
consisted of highly enriched STBM from placentae by in the vitro explant culture method.

Protein identification
A total of 18 533 unique peptides and 3 317 proteins were identified, 3 292 proteins 

were quantified in all eight label channels, the label rate of iTRAQ was 99.25%. In the present 
study, proteins identified as differentially expressed had to meet the following criteria: 
peptides ≥ 1; FDR ≤ 1%; p < 0.05; fold-change ≥ 1.2 or ≤ 0.833. As a result, 122 proteins were 
found to be upregulated and 72 were found to be downregulated in the STBM of sPE group 
compared with the control group (data not shown). 

Bioinformatics analysis
Of the 194 differentially expressed proteins, 189 were classified using GO annotation. 

As shown in Figure 2, the cellular component (CC) of these proteins was mainly located in 
cell (157 proteins), organelle (127 proteins), membrane (99 proteins), macromolecular 

Fig. 2. Gene ontology annotation of differentially expressed proteins. (A) Cellular component. Allocation of 
194 differentially expressed proteins by cell component showed that the majority belonged to the cell (157) 
and organelle (127), whereas the minority resided in the synapse (1). (B) Biological process. Allocation 
of differentially expressed proteins by biological process demonstrated that the greatest number of these 
proteins (156) was allocated to cellular process and the smallest (1) to cell killing. (C) Molecular function. 
Allocation of differentially expressed proteins by molecular function indicated that the highest number of 
proteins (311) was associated with binding activities and the lowest (1 each) with antioxidant activity, che-
moattractant activity and electron carrier activity. (D) GO enrichment demonstrated that mitochondrion, 
transmembrane transport and transmembrane transporter activity were the most abundant categories in 
CC, BP and MF, respectively.
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complex (64 proteins), membrane-enclosed lumen (34 proteins) and extracellular region (19 
proteins), implying that most of the differential proteins were secretary proteins (Fig. 2A). The 
main biological process (BP) of these proteins were cellular process (156 proteins), single-
organism process (126 proteins), metabolic process (118 proteins), biological regulation 
(108 proteins), response to stimulus (77 proteins), multicellular organismal process 
(52 proteins), localization (51 proteins), signaling (47 proteins) and cellular component 
organization or biogenesis (46 proteins) (Fig. 2B). The main molecular function (MF) were 
binding (145 proteins), catalytic activity (77 proteins), transporter activity (15 proteins) 
and enzyme regulator activity (7 proteins) (Fig. 2C). Further GO enrichment demonstrated 
mitochondrion, transmembrane transport and transmembrane transporter activity were the 
most abundant categories in CC, BP and MF, respectively (Fig. 2D). Furthermore, there were 
at least 2 proteins (S100-A8, C4b-B) that correlated with inflammation, 1 protein (CD63) that 
correlated with coagulation, 3 proteins (ATP synthase subunit beta, cDNA FLJ14908 fis and 
endoglin) that correlated with angiogenesis/ vascularization, and 11 proteins (interleukin-27 
subunit beta, F11 receptor, isoform CRA_a, dynamin-2, protein SEC13 homolog, S100-A8, 
C4b-B, calnexin, serpin B9, stomatin-like protein 2, phosphoinositide 3-kinase adapter 
protein 1 and dolichyl-diphosphooligosaccharide-protein glycosyltransferase 48 kDa 
subunit) that correlated with immunoregulation. All the aforementioned mentioned proteins 
were upregulated in sPE group.

When KEGG pathway analysis was performed on these differentially expressed 
proteins to evaluate which pathways were significantly represented, 151 pathways were 
found to match (data not shown). Furthermore, KEGG pathway enrichment revealed that 
25 pathways were enriched, and that these differentially expressed proteins were mainly 
involved in glycolysis/gluconeogenesis, citrate cycle, fatty acid elongation, steroid hormone 
biosynthesis and oxidative phosphorylation, etc (Fig. 3). It is notable that some proteins 
were involved in pathways correlating with neurodegenerative diseases, such as Alzheimer's 
disease, Parkinson’s disease and Huntington’s disease.

Fig. 3. KEGG 
pathway en-
richment of 
194 differen-
tially expres-
sed proteins. 
KEGG pathway 
e n r i c h m e n t 
revealed that 
the most sali-
ent pathway is 
glycolysis/glu-
coneogenesis.
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In addition, STRING database analysis revealed that most of these differentially expressed 
proteins were involved in physical or functional interaction to constitute a network (Fig. 4).

Hierarchical clustering was performed to detect the rationality and accuracy of selecting 
differentially expressed proteins, as well as group the data based on the degree of similarity 
and variability between the experiments and controls. As shown in Figure 5, the hierarchical 
clustering analysis classified the proteins into two major clusters, which separated up-
regulated and down- regulated proteins in each group. The resulting heatmap (Fig. 5) also 
shows a clustering of the samples coming from two different groups.

Validation of differentially expressed proteins identified by proteomics using western 
blotting
Four differentially expressed proteins (siglec-6, calnexin, CD63 and S100-A8) were 

chosen for western blotting (Fig. 6), according to the aforementioned bioinformatics 
analysis. Four proteins expressed high levels in the sPE group and showed the same trends 
as the iTRAQ results.

Discussion 

Both eukaryotic and prokaryotic cells release extracellular vesicles (EVs) to their 
environment, which are spherical particles enclosed by a phospholipid bilayer and now 

Fig. 4. The interacted network of differentially expressed proteins was analyzed by STRING (Search Tool for 
the Retrieval of Interacting Genes/Proteins) software. Differentially expressed proteins marked by yellow 
nodes and directly interacting proteins marked by blue nodes.
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thought to contribute to both physiology 
and pathology [32, 33]. Currently, there has 
no absolute consensus on classification, 
isolation and detection of EVs. The reported 
review indicated that based on their 
biogenesis, there are two main types of 
EVs have attracted substantial attention: 
exosomes and microvesicles [26, 34-36], 
as well as three purification protocols: 
differential centrifugation, density gradient 
separation and immunoaffinity capture 
methods [29, 37]. Each protocol has its 
limitations, for differential centrifugation, 
the final pellet is contaminated with co-
sedimenting vesicles and protein aggregates, 
vesicles with similar buoyant densities may 
co-sediment in density gradient separation 
and, although the immunoaffinity capture 
method has been reported to yield high-
quality exosome preparations [37], this 
method is based on a membrane antigen, 
meaning that only EVs positive for the 
antigen are acquired, whereas the negative 
population is excluded, and as the specific 
membrane topography and antigen for 
each type of EV is lacking, this method will 
again yield a mixed population, especially in 
body fluids. Differential centrifugation is the 
simplest and most commonly used protocol. 
Electron microscopy, flow cytometric 
analysis, western blotting and nanoparticle 
tracking analysis (NTA) were frequently 
used for detecting the size, morphology, 
concentration and origin of EVs. 

PE is a heterogeneous disorder with 
two distinct subtypes: early- and late-onset 

Fig. 5. Hierarchical clustering of differentially ex-
pressed proteins. Clustering was based on protein 
expression levels in STBM from control and sPE 
group. Up-regulated protein expression values are 
displayed in red, and down-regulated values are in 
green.

PE [1]. Although early-onset PE represents the minority of cases (about 10%), it confers 
a high risk of life-threatening maternal complications and fetal death compared with late-
onset PE. Women with early-onset PE are at increased risk for future cardiovascular disease. 
Children exposed to early-onset PE as a fetus also have heightened risk of high blood 
pressure, metabolic syndrome, and cardiovascular diseases at relative early age. Research 
studies should treat the 2 PE subtypes as distinct entities from etiological and prognostic 
aspects. Early-onset sPE is generally considered as a primarily placental disease, according 
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to a widely accepted “3-stage model” etiological hypothesis [4]. It is, in brief, characterized 
by abnormal immune tolerance (Stage 1), followed by incomplete placentation with reduced 
remodeling of maternal uteroplacental spiral arteries (Stage 2), and subsequently placental 
hypoxia-ischemia-induced placental factors released increasingly into the maternal 
circulation, leading to excessive systemic inflammation, endothelial dysfunction and the 
clinical signs of PE (Stage 3). However, there has no accurate biomarkers for diagnosis 
and therapy of this disease. Recently, extensive research on various types of EVs indicated 
that EVs may serve as potential clinical biomarkers for prognosis, diagnosis and therapy 
of certain diseases. For example, EVs from tumor antigen-pulsed dendritic cells (DCs) have 
been exploited for cancer immunotherapy, and EVs from mesenchymal stem cells (MSCs) 
have been used to stimulate tissue repair following myocardial infarction [32]. Thus, we can 
expect the potential application value of placenta-derived EVs on early diagnosis and clinical 
therapy for Early-onset sPE. 

As an important placental factor, STBM was initially studied in normal pregnancy and 
PE by Redman et al. at the University of Oxford, then various research teams worldwide 
are dedicated to this area and have developed the nomenclature of STBM to include terms 
such as syncytiotrophoblast microvilli [6], syncytiotrophoblast microvillous membrane 
[11, 16, 17, 19], syncytiotrophoblast microparticles [15], syncytiotrophoblast microvesicles 
[23], syncytiotrophoblast-derived microparticles [8],and syncytiotrophoblast extracellular 
vesicles [38, 39], etc. Increasing evidence shows that STBM have various functions relevant 
to PE, but the precise mechanism is not fully explained. To well exploit the mechanism and 
biological function of STBM in early-onset sPE, further studies about its composition are 
required. Here, we analyzed the ingredients of STBM from the early-onset sPE patients 
by iTRAQ quantitative proteomics technology. We use the term ‘syncytiotrophoblast 
extracellular vesicles’ to refer to both syncytiotrophoblast microparticle and exosome vesicle 
types. Because STBM only account for less than 6% of the total number of EVs in the blood of 
normotensive pregnant women, it is very difficult to isolate pure and adequate amounts of 

Fig. 6. Validation of the four differentially expressed proteins by western blot analysis. (A)-(B) Representa-
tive images of western blotting for CD63, S100-A8, siglec 6 and calnexin in the control (1) and sPE (2) group, 
respectively. (C)-(F) Histograms of expression levels (relative band density) for CD63, S100-A8, siglec 6 and 
calnexin in control (n=12) and sPE (n=24) group, respectively.
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STBM from maternal blood [40]. To our knowledge, based on the differential centrifugation 
protocol, there are four methods of generating STBM in vitro. STBM generated by explant 
culture (eSTBM), mechanical dissection (mSTBM) and placental perfusion (pSTBM) are from 
placentae [15], whereas the fourth source of STBM was from trophoblast-derived cell line 
(ATCC no. CRL-1584) [9]. Reported articles revealed that different preparation of STBM had 
similar morphology but various biological functions in the target cells [15, 23, 24]. However, 
due to the inaccessibility of deported trophoblasts in vivo, the overriding mechanism for STBM 
release and the status of STBM (apoptotic vs necrotic) were not determined. Both apoptosis 
and necrosis may be involved in the shedding of STBM, but the balance between apoptotic 
and necrotic shedding is presently unknown. Most researchers consider that eSTBM and 
pSTBM may more closely mimic the EVs released in physiological status. Both methods are 
widely used [20, 23, 41, 42]. It has previously shown that the syncytiotrophoblast undergoes 
significant artefactual degradation during the first 24 h of villous explant culture [43]. By 
72h of culture, the underlying cytotrophoblast have fused to form a new syncytium that 
has formed under the syncytium in vitro [43, 44]. This may explain that Redman et al. who 
only cultured 24h in their explant culture model or used a short term perfusion model to 
isolate STBM, where the syncytium would have been more representative of that present in 
vivo. But Abumaree et al. also considered that the cultured time extend to 48 or 72 h in the 
explant culture model might be acceptable [43]. We adopted the eSTBM method combined 
with differential centrifugation, and the STBM preparations were verified by electron 
microscopy (EM) and western blot analysis. Finally, through 8-Plex iTRAQ labeling coupled 
with 2D nano LC-MS/MS, we identified 194 differentially expressed proteins in STBM from 
early-onset severe PE patients, 122 of which were up-regulated and 72 of which were down-
regulated. Furthermore, bioinformatics analysis showed that the main outcome was not 
well accordance with our previously supposed and other’s preliminary results [26], as the 
differentially expressed proteins correlated with inflammatory, coagulation, angiogenesisor 
immunoregulation were not the salient in GO and KEGG pathway enrichment. We 
ascribed three reasons for these disparities. Firstly, this may be due to different proteomic 
methodologies, as we used 8-Plex iTRAQ labeling coupled with 2D nano LC-MS/MS, whereas 
Redman’s team used multi-dimensional protein identification technology (MudPIT) and 
ultra-performance liquid chromatography tandem mass spectrometry analysis (UPLC-MSE). 
Secondly, the preparation of STBM may have played a role, although both of the STBM were 
prepared from placentae, the explicit method was different, we employed eSTBM whereas 
they used pSTBM. It should be noted that both methods are widely accepted. Our results may 
indicate that eSTBM carried different repertoire of molecules with pSTBM. The third aspect 
may due to the selection of patients, as we focused on the early-onset severe subtype of PE, 
whereas their selection of patients was not designated, as severe and moderate PE, early-
onset and late-onset PE may have different etiologies and pathogenesis.

Our analysis also reveals that the differentially expressed protein, siglec-6, which has 
been proven only expressed in human placenta [45] was the most up-regulated protein 
(fold-change = 4.091). Recently, Rumer, etal. [46] indicated that siglec-6 was increased 
in both the basal plate and chorionic villi of preterm PE placenta. Inadequate invasion of 
trophoblast may cause PE [47]. Lam’s [48] results showed that siglec-6 may interact with 
glycodelin-A (GdA) to suppress trophoblast invasiveness by down-regulating the ERK/ c-Jun 
signaling pathway. Our results further enhance the linkage between siglec-6 and the early-
onset severe subtype of PE. Increased shedding of siglec-6 carried by STBM may be part of 
the pathologic processes in PE, especially in early-onset sPE. The specific mechanism need 
to be clarified in future studies.

Although it has not been enriched, we also acquired some differentially expressed 
proteins with inflammation, coagulation, angiogenesis and immunoregulation. We cannot 
exclude the possibility that these proteins may be triggers and have certain capacity to switch 
on or exaggerate the role of key effector molecules, and further studies should be carried out.

We performed an iTRAQ quantitative proteomics analysis of eSTBM from the early-
onset sPE patients for the first time. This may be a fundamental opening for us to exploit 
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the specific mechanisms and functions of STBM in PE. However, the eSTBM prepared in 
our study were also mixture because of the lack of a gold standard for the classification, 
isolation and detection of EVs. We could not tell whether the identified proteins were from 
microparticles or exosomes. Because they have different biological functions, cargos and 
modes of production, many methods [49, 50] have been used to detect and to discriminate 
microparticles and exosomes. Some novel commercially available technologies, such as 
nanoparticle tracking analysis (NTA) and resistive pulse sensing (RPS), have also arisen. 

Conclusions

In this study, we performed a proteomic analysis on STBM derived from early-onset sPE 
patients, using iTRAQ isobaric tags and 2D nano LC-MS/MS. We identified 194 differentially 
expressed proteins in STBM derived from early-onset sPE patients. Further bioinformatics 
analysis revealed that mitochondrion, transmembrane transport and transmembrane 
transporter activity were the most abundant categories in CC, BP and MF, respectively. 
Glycolysis/gluconeogenesis, citrate cycle, fatty acid elongation, steroid hormone biosynthesis 
and oxidative phosphorylation were the five significantly represented pathways. Our results 
provide fundamental opening and evidence for future studies, which are needed to elucidate 
the specific  mechanisms  of the differentially expressed proteins with inflammation, 
coagulation, angiogenesis and immunoregulation in early-onset sPE.
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