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Abstract
Maternal cellular and humoral immune responses to the allogeneic fetoplacental unit are a normal part of pregnancy adap-
tation. Overactive or dysregulated immune responses that often manifest as inflammation are considered a key element for 
the development of preeclampsia. Infiltration and activation of macrophages, nature killer cells, and T lymphocytes are 
frequently observed in the decidua and placenta associated with preeclampsia. In addition to local inflammation, systemic 
inflammatory changes including increased levels of TNF-α and interleukins (ILs) are detected in the maternal circulation. 
Syncytin-1 is an endogenous retroviral envelope protein that mediates the fusion of trophoblasts to form syncytiotropho-
blasts, a cellular component carrying out most of placental barrier, exchange, and endocrine functions. In addition to these 
well-defined fusogenic functions that are known for their close association with preeclampsia, multiple studies indicated 
that syncytin-1 possesses nonfusogenic activities such as those for cell cycle and apoptosis regulation. Moreover, syncytin-1 
expressed by trophoblasts and various types of immune cells may participate in regulation of inflammation in preeclamptic 
placenta and decidua. This review concentrates on the triangular relationship among inflammation, syncytin-1 nonfusogenic 
functions, and preeclampsia pathogenesis. Data regarding the reciprocal modulations of inflammation and poor vasculari-
zation/hypoxia are summarized. The impacts of syncytin-A (the mouse counterpart of human syncytin-1) gene knockout 
on placental vascularization and their implications for preeclampsia are discussed. Syncytin-1 expression in immune cells 
and its significance for inflammation are analyzed in the context of preeclampsia development. Finally, the involvements of 
syncytin-1 nonfusogenic activities in neuroinflammation and multiple sclerosis are compared to findings from preeclampsia.
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Introduction

Inflammation, often referring to the excessive responses of 
innate and acquired immune systems to external stimulation 
[1], is extensively involved in diverse physio-pathological 
processes. Inflammation is often detected as quantitative 
and qualitative alterations of cellular and humoral immunity, 
e.g., changes in the number or distribution of granulocytes, 
macrophages and lymphocytes, and changes in the levels of 
inflammatory cytokines such as TNF-α, interleukins, and 
antibodies in placental tissues and/or circulation. In preg-
nancy, certain inflammatory responses are considered a nor-
mal part of embedding, placentation and vascularization, 
immune tolerance, and initiation of delivery [2]. For exam-
ple, macrophages and natural killer (NK) cells participate in 
the regulation of trophoblastic invasion, angiogenesis, and 
spiral artery remodeling [3, 4]. However, excessive inflam-
mation contributes to the pathogenesis of major diseases of 
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pregnancy including preeclampsia (PE), intrauterine growth 
retardation, infection of placenta-embryo unit, gestational 
diabetes mellitus, and preterm labor [5–7]. Inflammation can 
also lead to adverse birth outcomes, perinatal diseases, and 
could be one of the developmental origins of health and dis-
ease (DOHaD) in adulthood [8]. It should be pointed out that 
during pregnancy, the implantation of the semi-allogeneic 
embryo-placenta unit, the rapid structural and functional 
changes in endocrine systems and reproductive tract, and 
the whole body metabolic adjustments, all occurring in a 
relative short gestation time, can significantly increase the 
risk of inflammatory attack.

Preeclampsia is a common hypertensive disease affect-
ing approximately 3–8% pregnancies [9]. With hyperten-
sion as the most significant manifestation, if not properly 
treated, early (before 34 weeks of gestation) or late (at or 
after 34 weeks of gestation) onset PE can cause stroke, 
renal and liver failures, neurological disorders, hematologi-
cal complications, and fetoplacental disorders [10]. Genetic 
backgrounds and specific gene mutations, malnutrition, 
unhealthy life styles, hazardous living environments, and 
poor social-economic status are known etiological risk fac-
tors of PE. From the pathological point of view, placental 
abnormalities are considered a major factor for the devel-
opment of PE. Restricted blood flow of umbrella vessels, 
repeated cycles of ischemia and reperfusion, angiogenesis 
deficiency, and inflammation are well-recognized patholog-
ical changes in the fetoplacental unit associated with PE, 
with inflammation at a center position. Local infiltration 
and activation of macrophages and granulocytes are read-
ily detected in the decidua and placenta of PE patients [11, 
12]. On the maternal side, systemic activation of immune 
cells and imbalanced differentiation of T-helper cells, and 
elevated levels of cytokine TNF-α and IL-1β are observed 
[13]. Indeed, anti-inflammation treatment is effective for the 
control of blood pressure in PE patients and animal models 
[14].

Syncytium, a complete layer of syncytiotrophoblasts 
connected by tight junctions, serves as the fetal–maternal 
barrier. Syncytiotrophoblasts also carry out fetal–maternal 
transfer and produce large amounts of steroid and peptide 
hormones. The multinuclear syncytiotrophoblasts are formed 
by fusion of mononuclear cytotrophoblasts. Syncytin-1 is the 
first functional retroviral envelope protein found to bear a 
defined physiological function. Syncytin-1 molecules on the 
membranes of cytotrophoblasts mediate cell fusion through 
binding to their receptors on the membranes of surrounding 
cytotrophoblasts, to accomplish cell-cell fusion as the ter-
minal differentiation of the trophoblast linage [15]. Findings 
by numerous in vitro and in vivo studies support that the 
decreased syncytin expression and the consequential tropho-
blast fusion deficiency may contribute to placental anomaly 
and PE pathogenesis. It is noteworthy that the naturally 

occurring single nucleotide polymorphisms of syncytin-2 
gene have been identified in severe PE patients. In vitro 
studies indicated that these genetic mutations affected the 
N-glycosylation and fusogenic activity of the gene product 
[16]. Interestingly, several studies suggested that in addi-
tion to the fusogenic activity, syncytin-1 also possesses 
nonfusogenic activities by regulating the trophoblast pro-
liferation and apoptosis [17, 18]. Also, more and more data 
indicated a broad expression spectrum of syncytin-1 gene in 
immune cells such as granulocytes, T lymphocytes, mono-
cytes, glial cell of the brain, and cancer cells. In addition to 
PE, synctyin-1 has been implicated in the pathogenesis of 
neuropsychological disorders, angiogenesis, infection, and 
various malignancies [19]. This review summarizes research 
findings on the relationship between syncytin-1 regulation/
function and PE, with a special attention to the role(s) of 
syncytin-1 in inflammation. While the detailed molecular 
mechanisms of these events are often unclear, the possible 
cellular and molecular pathways are discussed.

Brief overview of syncytin‑1 structure 
and functions

Syncytin-1 protein is encoded by the HERV-W-1 gene 
located on chromosome 7q21.2. The 73 kDa syncytin-1 
is synthesized as a glycosylated peptide containing 538 
amino acids. The surface (SU) domain (aa 21–317) and the 
transmembrane (TM) domain (aa 318–538) are linked by 
disulfide bonds [20, 21]. The SU and TM domains contain 
6 and 1 putative glycosylation sites, respectively, and are 
N-glycosylated. These precursors form homotrimers through 
the TM N- and C-terminal heptad repeats, and are cleaved 
by the furine protease at a consensus cleavage sit (RNKP) to 
produce the mature gp50 SU domain and gp24 TM domain 
[20, 22]. The TM domain harbors 3 subdomains of the 
ectodomain (aa 318–444), the transmembrane domain (aa 
445–469), and the cytoplasmic domain (aa 470–538) [23]. 
The SU N-terminal receptor binding subdomain interacts 
with the type D mammalian retrovirus receptor ASCT-1/
ASCT-2 (sodium-dependent neutral amino acid transporter 
type 1/2) on cell membranes. Studies suggested that the TM 
cytoplasmic subdomain is also essential for the fusogenic 
activity [24–26]. Bjerregaard et al. demonstrated that human 
breast cancer cells expressing syncytin-1 were capable of 
fusing with endothelial cells, and the expression level of 
syncytin-1 was considered a prognostic marker of breast 
cancer patients [27]. Besides mediating the fusion of troph-
oblasts, Fei et al. showed that a 58 kDa form of syncytin-1 
promoted the formation of polyploidy giant cancer cells 
through cell fusion [28]. It is unclear if the discrepancy in 
the molecular size of syncytin-1 (73 verses 58 kDa) may be 
due to differential glycosylation or alternative cleavage. It is 
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noteworthy that syncytin-2 encoded by the HERV-FRD gene 
is also expressed in trophoblasts and capable of mediating 
cell fusion by interacting with a different receptor MFSD2 
(major facilitator superfamily domain containing 2). Struc-
tural comparison showed that syncytin-2 protein shares a 
high similarity to syncytin-1 [29], e.g., both contain the TM 
and SU domains composed of the same subdomains. Since 
syncytin-1 represents a prototype that has been much better 
studied than syncytin-2, it will be the focus of this review.

In addition to the well-recognized fusogenic activity, syn-
cytin-1 carries nonfusogenic activities that are involved in 
the regulation of trophoblast differentiation, proliferation, 
and apoptosis. Frendo et al. observed that in the primary 
culture of placental trophoblasts, the cell differentiation 
and hCG (human chorionic gonadotropin) production was 
enhanced by treatment with cyclic AMP, and this enhance-
ment was associated with a concomitant upregulation of syn-
cytin-1 expression. In contrast, knockdown of syncytin-1 
expression using the syncytin-1-specific antisense oligo-
nucleotides led to an inhibition of trophoblast differentia-
tion as well as a five-fold reduction of hCG level in culture 
medium [30]. Huang et al. reported that a forced overexpres-
sion of syncytin-1 promoted the proliferation of BeWo, a 
choriocarcinoma cell line that preserves some trophoblas-
tic characters such as the expression of human chorionic 
somatomammotropin (hCS), hCG, and beta-hydroxysteroid 
dehydrogenases [18]. Moreover, knockdown of syncytin-1 
levels with a specific siRNA resulted in an inhibition of 
cell growth. Mechanistic studies showed that syncytin-1 
deficiency impeded the G1/S transition and inhibited the 
DNA synthesis. This cell-cycle change was accompanied 
by an elevated mRNA level of cell-cycle inhibitor p15, and 
decreased mRNA levels of positive regulators E2F1, PCNA, 
and c-Myc. Importantly, the forced ectopic expression of 
syncytin-1 in CHO, a Chinese hamster ovary cell line, pro-
moted the G1-S transition as demonstrated by correspondent 
changes in the above cell-cycle regulators too. Since CHO 
cells are deficient of ASCT2 expression and incapable of 
cell–cell fusion, this observation provided a direct evidence 
for the existence of a fusion-independent, nonfusogenic 
activity of syncytin-1. In another study by the same group, 
the siRNA-mediated knockdown of syncytin-1 expression 
led to an increased apoptosis of BeWo cells through acti-
vation of the non-classic, apoptosis inducing factor (AIF)-
mediated pathway [17]. Syncytin-1 knockdown caused an 
increased expression of AIF and the AIF cleavage enzyme 
calpain1, resulting in an increase of AIF cleavage products 
as well as their nuclear translocation, and eventually, more 
apoptosis events. Closely related to the above findings, there 
is evidence in support of syncytin-1 modulation of immune 
cell functions. As discussed later in more details, using a co-
culture experimental system, Jonas et al. demonstrated that 
overexpression of syncytin-1 in choriocarcinoma cells led to 

a suppressed proliferation of T lymphocytes. These findings 
bear a high significance because they not only confirmed 
the syncytin-1-mediated nonfusogenic activity, but also 
revealed a possibility that syncytin-1 produced by placental 
trophoblasts could deliver an immunosuppressive effect in 
T lymphocytes, which could be implicated in the normal as 
well as PE-complicated pregnancies.

Since ASCT2 is broadly expressed in various cell types, 
the cell fusion event is largely restricted by the expression 
of syncytin-1 rather than the presence of its receptor. While 
syncytin-1 expression is readily detected in human placen-
tal trophoblasts as early as first trimester, higher levels of 
syncytin-1 mRNA and protein are found in the third trimes-
ter. Syncytin-1 gene is subject to the regulation of GCM1 
(glial cells missing 1), cAMP, and the DNA methylation 
status of a CpG island located at the 5′ prime region. It is 
noteworthy that numerous studies have shown that syncy-
tin-1 expression is significantly decreased in placentas of PE 
patients compared to placentas from normal pregnancy [31, 
32]. It was reported that the decreased syncytin-1 expres-
sion in preeclamptic placentas was associated with syncy-
tin-1 gene hypermethylation [33]. In a study on placentas of 
dichorionic twins with discordant fetal growth, significantly 
higher syncytin-1 mRNA levels were observed in placen-
tas associated with smaller fetuses. Moreover, an inverse 
correlation between the hypermethylation of syncytin-1 
gene and mRNA levels of methyltransferases (DNMT1 and 
DNMT3) was observed. An altered expression of syncytin-1 
is detected in many types of malignancies including endo-
crine tumors, breast cancer, endometrial cancer, leukemia, 
and pancreatic cancer. It was also reported that the aberrant 
expression of syncytin-1 in endometrial cancer tissues was 
related to the methylation status of the cognate CpG island 
[34]. While there are data indicating a deep involvement of 
syncytin-1 function in the modulation of immune cell func-
tions, the mechanisms regarding synctin-1 gene activation 
in immune cells have not been explored.

The central position of inflammation 
in preeclampsia pathogenesis

Local and systemic inflammation in preeclampsia

The shallow invasion of placenta into the decidua and 
the repeated ischemia–reperfusion in fetoplacental unit 
are important pathological changes of PE. Inflammatory 
cytokines produced by various types of cells affect placental 
invasion, spiral artery remodeling and vascularization, and 
may contribute to hypoxia and excessive ROS, and eventu-
ally, PE occurrence [35, 36].

Fu et al. showed that decidual NK (dNK) cells, through 
their production of IFN-γ, were able to suppress the decidual 
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accumulation of Th17 (T helper 17) cells. The declined 
number of NK cells and a concomitantly elevated number 
of decidual Th17 cells were associated with spontaneous 
abortion [37]. Wallace et al. reported that dNK cells from 
pregnancies with high PE risk were less active in promoting 
trophoblast motility, invasion, and chemotaxis than those 
from normal pregnancies. They also demonstrated that dNK 
cells-induced trophoblast chemotaxis and invasion was 
dependent on the ERK1/2 and Akt signaling, and dNK cells 
from the pregnancies with an impaired placental remodeling 
were less capable of activating this pathway [38].

Gill et al. demonstrated pro-inflammatory responses in 
the decidua of PE patients by the detection of an increased 
M1 subtype of macrophages. M1 macrophages were found 
on the decidua vessel walls in the decidua basalis with 
acute atherosis, a characteristic vascular change associated 
with PE [39]. Moreover, the levels of GM-CSF (granulo-
cyte–macrophage colony stimulating factor) that drives 
macrophage differentiation, were increased in decidual cells 
as well as the plasma of PE patients compared with those 
of the gestational age-matched normal controls [40]. Treg 
(Regulatory T cell) is known to possess an immunosup-
pressive function. As part of innate immunity, Treg secrets 
anti-inflammatory factors such as IL-10 and TGF-β to limit 
decidual inflammation. Erlebacher et al. showed that the 
number of Treg was reduced at the fetal–maternal interface 
as well as in the circulation of PE patients [41, 42], which 
is consistent with an exaggerated local and systemic inflam-
mation observed in PE patients.

Like what observed in the decidua, a preferential shift 
of macrophages to the M1 subtype, and an active secretion 
of TNF-α, IFN-γ, and IL-6, but a decreased secretion of 
IL-4 and IL-10, were detected in PE placenta [43, 44]. The 
supernatants of placental extracts from the first trimester 
were found to be more effective than those from the third tri-
mester to induce the migration of NK cells through a layer of 
trophoblast cell culture. This difference was associated with 
an increased expression of CD18 in NK cells along placenta 
maturation [45]. An immunohistochemistry study revealed 
the enrichment of CD68+ monocytes and MPO+ neutrophils 
in the intervillous space of PE placentas. In further experi-
ments, the PE-related local changes in monocytes and neu-
trophils were confirmed by correspondent alterations of the 
transcriptional signatures [46].

The association of systemic inflammation with PE was 
demonstrated by an elevated level of inflammatory cytokines 
in the circulation of PE patients [47, 48]. Comparing to the 
normal pregnancy, PE patients have increased serum levels 
of TNF-α, IL-6, IL-2, IL-8, IL-12, and MCP-1 (macrophage 
chemoattractant protein-1) [49, 50]. TNF-α is a common 
regulator of these inflammation effectors, its increased pro-
duction by macrophages appears to play a central role for 
the initiation of inflammation. It was also reported that the 

excessive activation of macrophages and the shift of mac-
rophages towards the M1 phenotype in the maternal circula-
tion was related to adverse outcomes of PE pregnancy [51]. 
Further investigation is required to validate the significance 
and prevalence of this shift for the development of PE.

Inflammation contributes to preeclampsia 
development by affecting local and systemic 
vascular functions

Placenta undergoes a fast expansion and structural remold-
ing, and active angiogenesis is required from the very begin-
ning of implantation. The deficiency of uteroplacental blood 
flow is commonly detected in PE patients with the Doppler 
ultrasound. PE patients also exhibit systemic microvascular 
endothelial dysfunctions in pregnancy as well as in post-
partum phase. These alterations are mediated in part by an 
increased sensitivity to angiotensin II [52]. Stanhewicz et al. 
reported that Ang 1–7, an endogenous inhibitor of angioten-
sin II, was able to attenuate the angiotensin II-mediated ves-
sel constriction via NOS-mediated pathways, indicating that 
interference of the vascular function could be an effective 
approach for correcting postpartum symptoms of PE patients 
[53]. In another study by Kulandavelu et al. endothelial nitric 
oxide synthase (eNOS) gene knockout mice exhibited defi-
ciencies in uterine blood flow, spiral artery elongation, and 
placental oxygenation [54]. Mehta et al. demonstrated that 
in sheep and guinea pig models, application of adenovirus 
vectors encoding the VEGF-A gene resulted in an increased 
uteroplacental blood flow and fetal growth [55]. Stepan et al. 
reported that a decreased VEGF and elevated sFlt1 expres-
sion negatively impacted the placental vascular development 
[56]. The expression of PLGF (placental growth factor), a 
pro-angiogenic factor of the VEGF family, was decreased 
in PE. Moreover, this reduction preceded the clinical syn-
dromes of the disease. Indeed, the increased sFlt1/PLGF 
ratio in serum has been considered a marker for early diag-
nosis of PE [57].

The importance of inflammatory factors released by 
immune cells deserves a special attention in the context 
of vascular functions and PE. Murphy et al. reported that 
continuous intravenous infusion of a low dose of TNF-α to 
pregnant rats resulted in hypertension, reduction of renal 
blood flow and glomerular filtration rate, but an increase 
of circulating sFLT-1 [58]. In an independent study, Bobek 
et al. demonstrated that infusion of TNF-α to mice led to 
hypertension and proteinuria, which was accompanied by an 
upregulation of TLR-3/TLR-4 and HIF-1α (hypoxia-induc-
ible factor-1α) in placenta [59]. Moreover, they found that 
the TNF-α-induced preeclamptic features could be reversed 
by a preemptive treatment with PLGF [60]. It is noteworthy 
that the decidual NK cells are capable of producing angio-
genic factors including VEGF, PLGF, Ang-1, and Ang-2 
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to modulate the placental vascular development [61, 62]. 
Endothelin, a circulatory peptide released by endothelial 
cells, could activate the endothelin receptor type-A of vascu-
lar smooth muscle cells to induce vasoconstriction. Interest-
ingly, ABT-627 (Atrasentan hydrochloride), an endothelin 
receptor type-A antagonist, was found to ease the TNF-α-
induced hypertension by decreasing the uteroplacental per-
fusion pressure in pregnant rats [63], providing a therapeutic 
model for the treatment of PE. Alison et al. showed that 
depletion of Treg in mice resulted in increased serum lev-
els of IL-17, MCP-1, and CXCL1 (C-X-C motif chemokine 
ligand 1). Moreover, in Treg-deficient mice, the uterine 
arterial pressure became more sensitive to NO, which was 
accompanied by an increased uterine artery resistance and 
enhanced production of endothelin-1 in dissected uterine 
arteries [64]. Thus, inflammatory cytokines, and NK and 
Treg cells may all contribute to normal placental develop-
ment as well as PE pathogenesis through local and systemic 
regulation of vascular function.

Acute atherosis (AA), characterized by the presence of 
subendothelial lipid-laden foam cells, perivascular leukocyte 
infiltration and fibrinoid necrosis in the arteries of myome-
trium, decidual basal and placental basal plate, is closely 
associated with PE. Alnaes et al. reported that AA lesions 
were detected in 37% of PE patients, but only in 11% of 
healthy normotensive pregnant women [65]. Fosheim et al. 
found that AA was focal lesions with abnormal histological 
appearance of spiral artery endothelium and associated with 
the deficiency of endovascular trophoblast invasion [66]. AA 
shares some morphological similarities with atherosclerosis 
found in the coronary and other arteries, and both could be 
related to inflammatory stimulation of vascular endothelium.

Hypoxia aggravates inflammation in preeclampsia 
development

A large body of evidence from studies on placentas and other 
organs supports that hypoxia associated with poor vasculari-
zation can promote inflammatory responses. The fetoplacen-
tal unit normally has a relatively low oxygenation level and 
an upregulated HIF (hypoxia-inducible factor) expression 
[67]. Under the PE condition, abnormal vascularization and 
repeated ischemia–reperfusion, especially the acute surge of 
oxygen and iron in the reperfusion phase, causes oxidative 
damage of trophoblast cell membranes [68–70]. It is well 
established that oxidative stress and tissue damage can elicit 
inflammatory responses [71]. Hypoxia downregulates the 
histone demethylase, resulting in epigenetic dysregulation 
of the von Hippel Lindau tumor suppressor gene, a vital 
factor for oxygen sensing, and a dysregulation of HIF-1α 
signaling [72]. Transient upregulation of HIF-1α represents 
a normal response to hypoxia. However, repeated hypoxic 
insults and aberrant increase of HIF-1α are related to the 

placental vessel dysfunctions in PE, especially in early-onset 
PE [73, 74]. Fang et al. assessed the gene expression profiles 
in primary cultures of human and murine macrophages, and 
detected marked increases in the mRNA levels of IL-1β and 
IL-8, VEGF, CXCR4, and GLUT1 after exposure to hypoxia 
for 18 h. Macrophage activation by hypoxia also stimulated 
the expression and phosphorylation of NF-κB signaling pro-
teins [75]. Imtiyaz et al. demonstrated that HIF-1α overex-
pression induced by oxygen-deprivation promoted neutro-
phil survival and blood vessel extravasation by modulating 
β2 integrin expression [76].

While the direct effects of hypoxia and the elevated 
HIF-1α on local inflammation are understudied in placenta, 
findings from other tissues concerning the pro-inflammatory 
effects by ischemia, unstable oxygenation, and increased 
ROS production could be applicable to preeclamptic pla-
centa. It should be pointed out that inflammatory cell infil-
tration and increased metabolism during inflammation may 
aggravate the “relative” or absolute hypoxia in PE [77]. 
On the other hand, the pro-inflammatory cytokine TNF-α 
have been shown to increase the accumulation of HIF-1α 
through stabilization of HIF-1α protein [78]. Thus, hypoxia 
and inflammation may form a feedback loop to mutually 
enhance each other along PE development.

The triangular relationship 
among preeclampsia, inflammation, 
and syncytin‑1

Role(s) of syncytin‑1 for vascularization and hypoxia

It is well established that morphological changes in preec-
lamptic placentas are accompanied by a decreased syncy-
tin-1 expression in placental trophoblasts [79]. Using the 
TM- and SU-specific antibodies, Holder et al. demonstrated 
these peptides’ perinuclear and punctate cytoplasmic depos-
its in placental trophoblasts and co-localization of the two in 
the BeWo cells with the use of immunostaining assay. Inter-
estingly, the presence of syncytin-1 SU domain but not TM 
domain, was observed in the vascular endothelium of normal 
placentas. Moreover, an elevated SU immunoreactivity was 
detected at the vascular endothelium of PE placentas. Based 
on the absence of TM subunit, it was suggested that the vas-
cular endothelium may not express the syncytin-1 protein by 
itself, rather, the detected SU subunit could be released from 
trophoblast into fetal circulation where it may bind to the 
vascular endothelium [80]. This observation raised a ques-
tion if the extracellular syncytin-1 could affect the endothe-
lium function, and be related to the vascularization failure 
observed in preeclamptic placentas. In this respect, studies 
using the syncytin-1 knockout mouse model provided key 
information. Dupressoir et al. generated the syncytin-A gene 
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(the mouse counterpart of human syncytin-1 gene) knock-
out mice, and observed that the syncytin-A null embryos 
died between E11.5 and 13.5. Importantly, placental blood 
vessels from syncytin-A null mice were found to be fewer 
and narrower, and contained fewer embryonic erythrocytes 
than those from wild type mice [81]. These findings were 
confirmed by Qiao et al. in an independent study using the 
inducible knockout model. The tamoxifen-induced dele-
tion of syncytin-A gene at E11.5 to E17.5 led to decreased 
size and thickness of placentas, low birth-weight fetuses, 
and marked vasculature abnormalities in the labyrinth, 
a specified structure of murine placentas for fetal–mater-
nal exchange function. Following syncytin-A deletion, the 
mouse placentas were pale, with a reduced number and 
irregular distribution of fetal microvessels. Moreover, syn-
cytin-A knockout led to an increased expression of sFlt-1 
in the labyrinth and an elevated sFlt-1/PLGF ratio in the 
maternal plasma, a marker for vasculature abnormality in 
PE patients. While the detailed mechanism remains to be 
investigated, these findings suggest a fundamental role(s) of 
syncytin-A for placental vascularization [82].

Restricted blood flow to the fetoplacental unit and 
ischemia are characteristics of preeclamptic placentas. 
In vitro experiments have demonstrated significant effects 
of hypoxia in trophoblastic cell lines. Cultures of BeWo cells 
at low-oxygen atmosphere exhibited a decreased expression 
of syncytin-1 and ASCT2, and an inhibition of trophoblast 
syncytialization [83]. GCM1, a transcriptional activator of 
syncytin-1 gene, was concomitantly downregulated in preec-
lamptic placentas [84]. Chiang et al. showed that hypoxia 
could trigger GCM1 degradation by suppressing the phos-
phatidylinositol 3-kinase-Akt signaling pathway in chorio-
carcinoma BeWo and Jar cells. Moreover, it was suggested 
that the hypoxia-caused syncytin-1 downregulation could 
attenuate the syncytin-1-mediated immunosuppression and 
consequently, to enhance inflammation [85]. There are also 
data suggesting the presence of an alternative pathway by 
which hypoxia led to upregulation of HIF-1α and inhibi-
tion of syncytin-2, another retroviral envelop protein sharing 
structural and functional similarities with syncytin-1 [86]. 
Wang et al. reported that hypoxia could inhibit the CPEB2 
expression by induction of miRNA210 expression. Since 
CPEB2 negatively regulated HIF-1α expression, its low 
levels under hypoxic condition led to an increased HIF-1α 
and by some unidentified mechanism, a decreased level of 
syncytin-2. The final effect is an inhibition of trophoblast 
syncytialization. The downregulation of both syncytin genes 
by hypoxia could converge to a negative impact on placental 
functions.

Syncytin‑1 modulates inflammation in preeclampsia

A large number of trophoblasts and trophoblastic frag-
ments are normally deported from the syncytium to mater-
nal circulation. It is believed that placental deportation 
is required for the establishment of immune tolerance 
and possibly other pregnancy adaptations. Free syncy-
tin-1 molecules as well as those bound to trophoblast 
membranes will be released into the maternal circulation 
through deportation [87]. Interestingly, recent studies sug-
gested that syncytin-1 was actively secreted by tropho-
blasts through an exosomes-mediated mechanism. Tolosa 
et al. performed the transmission electron microscopy and 
Western blotting, and the resultant data confirmed the 
presence of syncytin-1 in exosomes isolated from human 
placental explants, primary trophoblast cultures or BeWo 
cells [88]. Importantly, an increased trophoblast depor-
tation was observed under preeclamptic condition [89], 
raising questions regarding the quantity and significance 
of extracellular syncytin-1 for PE development.

Several types of viral envelop proteins are known to 
interfere with immune responses of the hosts. For exam-
ple, the envelope protein of Human T-cell Lymphocyte 
Virus 1 (HTLV1) carries an immunosuppressive activity. 
A synthetic 17-amino acid peptide (CKS-17) containing 
the HTLV1 immunosuppressive domain was able to pro-
mote the Th1/Th2 shift, and to inhibit the production of 
Th1 cytokines TNF-α, IFN-γ, and IL-2, but to induce the 
production of Th2 cytokine IL-10. Marianne et al. first 
reported an immunosuppressive activity of syncytin-2. 
Transplantation of MCA205 tumor cells into BALB/c mice 
led to transient tumors or no tumor due to the immune 
rejection. However, injection of the same cells with stable 
expression of syncytin-2 led to the growth of large tumors 
that persisted for a longer time, pointing to an immunosup-
pressive activity of syncytin-2 [90]. Later studies indicated 
that both syncytins may have immunosuppressive activi-
ties. Tolosa et al. determined the activity of a peptide con-
taining the extracellular part of syncytin-1, which harbors 
the putative immunosuppressive domain (ISD). Responses 
to LPS or PHA by mononuclear cells from peripheral 
blood were examined following pre-treatment for 2  h 
with the ISD or a control peptide. The results showed that 
ISD peptide inhibited the production of Th1 cytokines 
TNF-α and IFN-γ as well as chemokine CXCL10 [88]. 
Hummel et al. showed that peripheral dendritic cells and 
T cells from healthy donors expressed syncytin-1 recep-
tors ASCT-1 and -2. In a co-culture system, CHO cells 
expressing syncytin-1 and -2 did not affect the LPS-driven 
maturation of dendritic cells or the expansion of T cells, 
but promoted the release of IL-12 and TNF-α rather than 
IL-10. In contrast, BeWo cells expressing syncytin-1 sup-
pressed T-cell proliferation and the LPS-inducedIL-12 
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and TNF-α release. The authors concluded that syncytin-1 
might indirectly affect T-cell activation by modulating the 
dendritic cell activity [91]. It is unclear if the divergence 
in immune cell responses to syncytin-1 overexpression by 
CHO and BeWo cells could be related to the differential 
expression of ASCT in the two cell lines [15].

Lokossou et al. observed the syncytin-2 expression and 
exosome-mediated secretion in human placenta. The Jurkat 
T-cell activation was severely inhibited following incuba-
tion with placental exosomes. Exosomes isolated from vil-
lous cytotrophoblasts transfected by a syncytin-2 siRNA 
had less suppressive effect on Jurkat T cell compared to 
exosomes derived from villous cytotrophoblasts transfected 
with a control siRNA. Syncytins secreted by trophoblasts 
may participate in the regulation of local as well as sys-
temic inflammation [92]. It is noteworthy that the syncytin 
expression spectrum covers a far broader range than merely 
placental trophoblasts. Sun et al. demonstrated the expres-
sion of syncytin-1 mRNA in granulocyte, lymphocyte, and 
malignant cells of leukemia patients, and the higher syn-
cytin-1 expression was associated with a poorer long-term 
immunity [93]. The syncytin activities in immune cells are 
likely mediated by nonfusogenic activities similar to those 
observed in trophoblasts (Section: “Syncytin-1 Structure 
and Function”). Exactly how the extracellular syncytin and 
syncytin protein expressed in immune cells may contribute 
to inflammation and PE pathogenesis remains an issue of 
further investigation.

Infection and preeclampsia, implication 
of syncytin‑1

Although an intact syncytium serves as a physical and 
chemical antimicrobial barrier, some intracellular microbes 
could bypass this natural defense and invade the syncytium. 
Microbial infection is strongly associated with inflamma-
tory responses, and possibly PE pathogenesis. Urinary tract 
infection (UTI) is implicated in placental hypoxia and fetal 
intrauterine growth restriction [94, 95]. Yan et al. performed 
a meta-analysis, and concluded that the data summary sup-
ported the relevance of UTI during pregnancy with the 
increased risk of PE [96]. Zika virus infection in early preg-
nancy affects the paracellular permeability of syncytiotroph-
oblasts by decreasing the expression of the tight junction 
protein claudin-4 [97]. PE patients with infection of human 
immunodeficiency virus have increased serum TNF-α and 
IL-6 levels [98]. Porphyromonas gingivalis (Pg), a Gram-
negative anaerobic bacillus often found in periodontal dis-
ease, could suppress trophoblast invasion and spiral artery 
remodeling possibly by reducing the inhibin expression [99, 
100].

It is noteworthy that microbial infections can affect syn-
cytin-1 expression in placenta. It was reported that influenza 

A/WSN/33 virus infection was accompanied by an activation 
of the syncytin-1 locus in various human cell lines of non-
placental origins [101]. Further studies by Li et al. showed 
that Influenza A virus infection of mouse hippocampus 
neurons or cortical glial cells led to an increased mRNA 
levels of GCM1 in vivo. The siRNA-mediated knockdown 
of GCM1 followed by virus infection resulted in an inhibi-
tion of syncytin-1 expression. Influenza A virus infection 
derepressed the syncytin-1 locus via GCM1 and an unknown 
factor(s), e.g., a decreased H3K9 trimethylation [102, 
103]. A microarray study in glioma cell lines GLiNS1 and 
G179NS showed that syncytin-1 gene transcription could 
be activated by infection of CMV, but not infection of Toxo-
plasma gondii, a bacterial strain often infecting CNS [104]. 
Epstein-Barr virus could induce syncytin-1 expression in B 
lymphocytes and monocytes from peripheral blood of mul-
tiple sclerosis (MS) patients, and this induction was medi-
ated by the activation of the p65 subunit of NF-κB [105]. 
These findings suggested that syncytin-1 expression could 
be activated in various cell types by specific viruses or bac-
teria. In a preeclamptic placenta, the decreased syncytin-1 
expression and the deficiency of trophoblast syncytializa-
tion may lead to an increased risk of microbial infection. 
There seems to be a complicated interplay between micro-
bial infection and dysregulation of syncytin-1 expression 
during PE pathogenesis.

What we learned from multiple sclerosis

MS is a CNS disorder characterized by chronic inflammation 
and progressive demyelination of nerve fibers. An elevated 
secretion of cytokines TNF-α and IL-1β by the circulatory 
monocytes was observed in MS patients [106]. The MS-
Associated Retrovirus (MSRV)-specific mRNA sequences 
and extracellular synctytin-1 were co-detected in the blood, 
spinal fluid, and brain samples of MS patients [107]. Komu-
rian et al. detected the syncytin-1-coding sequences when 
analyzing the mRNA species associated with MSRV parti-
cles isolated from MS patient plasma [108]. Schmitt et al. 
also detected syncytin-1 mRNA in the MS brain lesions as 
well as the white matter tissues from healthy controls [109, 
110]. It was proposed that the enhanced expression of syncy-
tin-1 in the cortical tissues of MS patients could promote the 
generation of pro-inflammatory cytokines, leading to astro-
cyte damage, oligodendrocyte cytotoxicity, nitric oxide (NO) 
synthase production, and demyelination [111]. Importantly, 
the increased syncytin-1 mRNA and protein levels in the 
brain tissues of MS patients were found to be associated with 
the elevation of circulatory TNF-α levels [112]. Studies by 
Antony et al. specifically demonstrated the upregulation of 
syncytin-1 gene expression in the astrocyte cells from demy-
elinated brain regions of MS patients, and syncytin-1 expres-
sion in astrocytes induced the release of redox reactants, 
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which were cytotoxic to oligodendrocytes [113]. Transgenic 
mice with selective syncytin-1 overexpression in glial cells 
resulted in neuroinflammation, a reduced ASCT-1 expres-
sion, and a diminished level of myelin proteins in the corpus 
callosum, which were consistent with observations in MS 
patients [114]. These findings points to a deep involvement 
of syncytin-1 in the initiation of neuroinflammation.

In addition to the syncytin-1 promotion of inflammation, 
there is also evidence for an inflammation-driven syncytin-1 
expression. Fang et al. pointed out that syncytin-1 upregu-
lation may be driven by inflammatory processes involving 
elevated cytokines, oxidative damage, and the activation 
of macrophage or microglia in the  areas of demyelina-
tion [115]. Indeed, Johnston et al. reported that activation 
of macrophage isolated from the blood of MS patients by 
phorbol-12-myristate-13-acetate or lipopolysaccharide led 
to an overexpression of HERV family gene including that 
of syncytin-1 [112]. Using a cell transfection assay Mameli 
et al. found that treatment of the human U-87MG astrocyte 
cell line with MS-related cytokines IL-1β, IL-6, TNF-α, 
and IFN-γ resulted in the activation of syncytin-1 gene. 
Particularly, TNF-α could activate syncytin-1 expression 
by augmenting the NF-κB binding to its cognate responsive 
element located within the enhancer region of the syncytin-1 
gene, providing a mechanism for inflammation-driven syn-
cytin-1 expression in MS lesions [116]. The possible mutual 
augmentation by the positive feedback between immune 
activation and syncyin-1 expression may partially explain 
the lasting and progressive nature of neuroinflammation 
observed in MS.

The deep involvement of syncytin-1 in the inflammation 
of MS is an immediate reminiscent of possible syncytin-1 
contribution to PE. Paradoxically, in PE syncytin-1 expres-
sion displayed a pattern of reduced levels, whereas it is 
often increased in MS. Data from PE studies support an 
immunosuppressive and protective role(s) of syincytin-1 for 
placental function, yet in MS syncytin-1 appears to exert a 
pro-inflammatory and neurotoxic effect based on data from 
in vitro experiments or animal models [113, 117]. It seems 
that syncytin-1 dysregulation in either way may contribute 
to exaggerated inflammation. With limited knowledge on 
syncytin-1 actions in immune cells and the downstream 
pathways, it is difficult to reconcile the seemingly contro-
versial observations from the two diseases. Presumably, the 
difference among cell types (e.g., trophoblast vs. glial cells) 
and the divergence of physio-pathological settings (pla-
centa/decidua vs. CNS) involved in the two diseases may 
need to be cited to explain, and/or to unify, the underlying 
mechanisms.

Concluding remarks

As illustrated in Fig. 1, this review discusses the triangular 
correlations among inflammation, syncytin-1 expression/
function and PE. In addition to the well-recognized contribu-
tion to PE by the syncytin-1 fusogenic activity in trophoblast 
cells, we analyze the following points:

1.	 The local as well as systemic inflammation, which 
explains many preeclamptic manifestations, is consid-
ered a central factor for PE development. Immune cells 
activation and infiltration, shift of Th1/Th2 ratio, and 
increased cytokine production, are found in PE patients. 
Inflammation is involved in all the four PE factors of 
poor vascularization, hypoxia, infection, and dysregula-
tion of immune cell responses. Important references in 
supports of this view are organized in Table 1.

2.	 There is a reciprocal regulation between vasculariza-
tion and hypoxia: poor vascularity causes ischemia and 
hypoxia of the fetoplacental units; Vice versa, hypoxia 
directly induces placental angiogenesis/vascularization, 
and indirectly, stimulates the production of inflamma-
tory factors to modulate vascularization. While a physio-
logical level of hypoxia is beneficial for placental devel-
opment, severe hypoxia as observed in PE, is associated 
with exaggerated inflammation, vascular damages and 
placental failure.

3.	 Specific evidence in support of syncytin-1 contribution 
to inflammation during PE pathogenesis includes:

a.	 The SU domain of syncytin-1 binds to placental vas-
cular endothelium and affects placental vasculari-
zation. Knockout of the syncytin-A gene in mouse 
leads to a poor placental vascularization. Hypoxia 
could downregulate syncytin-1 expression through 
HIF and/or miRNA210-mediated epigenetic path-
ways.

b.	 Both syncytin-1 and -2 contain the immunosuppres-
sive domain, and overexpression of syncytin-1 in 
BeWo cells resulted in the inhibition of T-cell pro-
liferation and the production of TNF-α and IL-12 
in a co-culture system, suggesting that extracellular 
syncytin-1 could regulate immune cell functions.

c.	 Astrocyte cells from MS lesions had increased 
syncytin-1 but decreased ASCT-1 expression. MS-
related cytokines IL-1β, IL-6, TNF-α, and IFN-γ 
stimulate syncytin-1 expression in the U-87MG 
astrocytes. Experiments using cell cultures provided 
evidence for the direct effects of syncytin proteins 
in trophoblasts as well immune cells. Conceivably, 
syncytin could contribute to PE pathogenesis by 
indirect influences, e.g., through the alteration of 
hormone production by placental trophoblasts. The 
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functions of immune, cardiovascular and other sys-
tems can all be affected by these hormones during 
pregnancy.

d.	 CMV infection of glioma cells, Epstein–Barr viral 
infection of B cells, or influenza virus infection of 
neuroepithelioma cells, can all activate syncytin-1 
expression, which may contribute to infection-
caused inflammation.

Several key issues deserved a special attention: syncy-
tin-1 is expressed in trophoblasts as well as immune cells. 
While there are data to support extensive involvements of 
syncytin-mediated nonfusogenic activities in the regulation 
of immune cell responses, the specific effects in each cell 
type and/or the regulatory pathway are poorly understood: 
How the synctin-1 produced by trophoblasts or immune cells 
regulate inflammatory responses, and by what molecular 
pathways; By what mechanism(s) the extracellular syncy-
tin-1 may regulate immune cell functions; How the homeo-
stasis of syncytin-1 levels is maintained in trophoblasts and 

non-trophoblast cells, respectively; Why both the syncytin-1 
downregulation in placenta and upregulation in the brain 
could cause inflammation and tissue damages.

PE is a leading cause of maternal morbidity and mortal-
ity related to pregnancy. To date, the clinical management 
of PE patients is limited to anti-symptom therapy with 
vasodilation reagents. Although early termination of preg-
nancy cues PE, the preterm birth significantly increased 
the risk of perinatal disorders such as respiratory distress 
syndrome, jaundice and infection, and can lead to vari-
ous DOHaD in the later life of neonates. Syncytin gene 
mutations could be explored for the evaluation of PE risk, 
and syncytin mRNA/protein could be potential biomarkers 
for early detection and/or outcome prediction in the man-
agements of preeclamptic pregnancy. It is expected that 
research efforts on the complicated relationship among 
preeclampsia, inflammation, and syncytin-1 would be pro-
ductive and the findings might facilitate the development 
of new therapeutic models against this common disease.

Fig. 1   Schematic illustration of the relationship among syncytin-1, 
inflammation, and PE. Syncytin-1 participates in regulation of the 
four major factors contributing to local and systemic inflammation in 
PE patients: vascularization, hypoxia, immunity, and infection. The 
close and reciprocal relationship between vascularization and hypoxia 
as well as between infection and immune responses are indicated with 
the curved arrows. The major elements through which the four factors 

modulate inflammation are presented  (Limited Uterine Blood Flow, 
NK Cell Change, etc). Syncytin-1 activation or inhibition of these 
elements, whenever supported by experimental results, are indicated 
by strait arrows. Detailed regulatory mechanisms are, respectively, 
described in the subtitled sections, with the important references 
listed in Table 1
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