
Immune cell activation by trophoblast-derived microvesicles is
mediated by syncytin 1

Introduction

Approximately 8% of the human genome is comprised of

sequences derived from human endogenous retroviruses

(HERV),1 which have arisen as a result of retroviral infec-

tion and subsequent integration into the germ cell line.

Over time, mutations have rendered most HERV non-

functional and uninfective. However, some HERV have

retained intact open reading frames and can be expressed

as proteins, suggesting a biological function.2,3 Unlike

most normal adult tissues, the placenta expresses a wide

range of HERV.2,4

HERV-W, which encodes the protein, syncytin 1, is

highly expressed in placenta,5 and is localized to the

syncytiotrophoblast, cytotrophoblast and extravillous tro-

phoblast.6–9 Syncytin 1 is involved in fusion of the cyto-

trophoblast with the syncytiotrophoblast, which is vital

for normal placental development.6,9,10 As a result of their

retroviral origin, placental HERV have also been hypothe-

sized to prevent immune rejection of the feto–placental

unit.11,12 This idea is supported by the identification of a

putative immunosuppressive domain within the HERV-W

peptide sequence, homologous to that found in other ret-

roviruses.9 However, a more recent study has demon-

strated that syncytin 1 lacks immunosuppressive function

in a mouse model,3 while the envelope protein from a

closely related W-family retrovirus, multiple sclerosis-

associated retroviral element, has been demonstrated to

have pro-inflammatory properties.13

During normal pregnancy, deported placental mem-

brane-bound microvesicles (MV) are readily detected in

the maternal circulation.14,15 We, and others have demon-

strated that placental MV prepared by a number of differ-

ent methods induce immune activation.16–20 The MV are

shed from pre-eclamptic placentas at an increased

rate,14,15,19 and they are more pro-inflammatory.16
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Summary

Envelope glycoproteins of human endogenous retrovirus (HERV), such as

syncytin 1 (HERV-W), are highly expressed in the placenta and some

family members have immunomodulatory properties. Placental microvesi-

cles (MV), which are shed into the maternal circulation during pregnancy,

have been demonstrated to induce immune cell activation. Therefore, the

aim of this study was to investigate the immunological properties of the

highly expressed placental HERV-W protein, syncytin 1, and its potential

involvement in placental MV modulation of immune cell activity. The

MV shed from first trimester, normal term and pre-eclamptic term pla-

centas, and from the BeWo trophoblast cell line, all contain syncytin 1.

Recombinant syncytin 1 and syncytin 1-positive BeWo trophoblast MV

both induced peripheral blood mononuclear cell (PBMC) activation, indi-

cated through production of cytokines and chemokines. Reducing syncy-

tin 1 content in BeWo MV inhibited PBMC activation. Recombinant

syncytin 1 and syncytin-1-positive BeWo MV dampened PBMC responses

to lipopolysaccharide challenge. Our findings suggest that syncytin 1 is

shed from the placenta into the maternal circulation in association with

MV, and modulates immune cell activation and the responses of immune

cells to subsequent lipopolysaccharide stimulation. These studies implicate

placental MV-associated HERV in fetal regulation of the maternal

immune system.
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syncytin; trophoblast
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However, despite these studies, little is known about the

mechanism of immune cell activation by placental MV or

the possible role of syncytin 1. Therefore, the objective of

this study was to investigate the presence of syncytin 1 in

placental MV and to determine whether placental syncy-

tin 1 has any immunomodulatory function.

Materials and methods

Patient samples

First-trimester placentas were obtained following elective

social terminations of pregnancy (8–12 weeks) (n = 5).

Normal term placentas (n = 4) and term pre-eclamptic

placentas (n = 4) were obtained following caesarean sec-

tion or spontaneous vaginal delivery (37–42 weeks). Both

were obtained with written informed patient consent and

local ethics committee approval. Exclusion criteria were:

twin pregnancy, maternal infection, diabetes, pre-existing

hypertension and babies with chromosomal abnormalities.

Pre-eclamptic pregnancies were defined by new hyperten-

sion arising after 20 weeks of gestation with measure-

ments over 140/90 mmHg on two occasions and concurrent

proteinuria of at least 0�3 g over 24 hr. All normal term

placentas were associated with babies with a birthweight

between the 10th and 90th centiles. Villous tissue was

washed in sterile PBS, and dissected in 1 : 1 Dulbecco’s

modified Eagle’s medium (DMEM)/F12 (Gibco, Grand

Island, NY) containing 2 mM L-glutamine, 100 lg/ml

streptomycin and 100 units/ml penicillin (GSP).

Placental microvesicle generation

Placental villous explants (2–4 mm2) were placed into

47-lm mesh Netwells (Corning, Corning, NY) in serum-

free 1 : 1 DMEM/F12 with GSP (Gibco) and incubated

for 24 hr in 6% oxygen, 5% CO2 at 37�. The MV were

generated at 6% oxygen, because this is the estimated

physiological level in normal placenta after 11 weeks.19,20

Medium containing shed material was collected from the

bottom of the microplates and pooled, then transferred to

sterile ultracentrifuge tubes and subjected to a three-step

centrifugation at 4�: 1000 g for 10 min; 10 000 g for

10 min; and 70 000 g for 90 min. The final MV-contain-

ing pellet was resuspended in sterile PBS.

BeWo microvesicle generation

BeWo cells were cultured in 1 : 1 DMEM/F12 supple-

mented with 10% fetal bovine serum (Gibco) and 1%

GSP until 60–70% confluent and then transferred to

serum-free OptiMem (Invitrogen, Grand Island, NY)

containing 1% GSP for 72 hr. Medium was subjected to

two sequential rounds of centrifugation (1000 g, 10 min)

to remove cell debris, then ultracentrifuged (70 000 g,

180 min, 4�). The final MV-containing pellet was resus-

pended in sterile PBS.

Detection of syncytin 1 protein expression

Microvesicle protein content was quantified using the

Pierce BCA assay (Thermo Scientific, Rockford, IL). Pro-

teins were analysed by Western blot using a rabbit anti-

human syncytin 1 surface subunit polyclonal antibody at

0�1 lg/ml (Santa Cruz Biotechnology, Santa Cruz, CA)

and a secondary anti-rabbit-IgG conjugated with horse-

radish peroxidase at 1 : 10 000 (Dako, Carpinteria, CA),

followed by enhanced chemiluminescence.

Microvesicle–macrophage interactions

Green fluorescently labelled MV were prepared by stain-

ing BeWo cells with PKH67 (Sigma, St Louis, MO), fol-

lowing the manufacturer’s instructions. Labelled cells

were then replated and cultured, and the shed MV were

isolated as before. The THP-1 monocytic cell line was dif-

ferentiated for 72 hr into adherent macrophages using

10 ng/ml PMA. Fluorescently labelled MV were incubated

with PMA-treated THP-1 cells for 4 hr. Cells were rinsed

vigorously to remove unbound MV and fixed in ice-cold

methanol before visualization with an Observer.Z1 fluores-

cence microscope and AxioCam MRN using AXIOVISION 4.6

imaging software (Zeiss, Welwyn Garden City, Hertford-

shire, UK).

Peripheral blood mononuclear cell isolation and
activation

Venous blood from non-pregnant healthy donors was col-

lected, and peripheral blood mononuclear cells (PBMC)

were isolated using Histopaque 1077 (Sigma), and then

plated in 24-well low-binding plates (HydroCell; Nunc,

Rochester, NY) at 1 · 106 cells per well in 250 ll Opti-

Mem. After resting for 2 hr at 37�, PBMC were treated

with 10 lg/ml partial recombinant syncytin 1 protein

(ERVWE1; NP_055405, 116 to 215 amino acids; Abnova,

Walnut, CA) or 20 lg/ml sterile MV. Treatment with

10 ng/ml lipopolysaccharide (LPS) isolated from Escheri-

chia coli (serotype 0111:B4; Sigma) served as a positive

control. After 24 hr, cell-free supernatants were collected

and stored at )80�. For priming experiments, PBMC were

pre-treated with or without MV (20 lg/ml) or recombi-

nant syncytin 1 (10 lg/ml) for 2 hr, followed by incuba-

tion with medium alone or LPS (10 ng/ml) for 24 hr.

Supernatants were initially analysed for interleukin-1b
(IL-1b) by ELISA (R&D Systems, Minneapolis, MN) as a

marker for inflammation/immune activation. To explore

a broader range of pro-inflammatory and anti-inflamma-

tory cytokines and chemokines that are representative of

immune cell activation and immunomodulation, levels of
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IL-2, IL-6, IL-8, IL-10, IL-12, IL-17, granulocyte colony-

stimulating factor (G-CSF), granulocyte–macrophage

colony-stimulating factor (GM-CSF), interferon-gamma

(IFNc), monocyte chemoattractant protein 1 (MCP-1),

macrophage inflammatory protein-1-alpha (MIP-1a),

MIP-1b, regulated on activation, normal T-cell expressed

and secreted (RANTES), vascular endothelial growth fac-

tor (VEGF), tumour necrosis factor-alpha (TNF-a) and

growth-related oncogene-alpha (GRO-a) were also mea-

sured using a 17-Bio-Plex assay (Bio-Rad, Hercules, CA)

run on the Luminex multiplex 200 system (Upstate Bio-

technology, Billerici, MA).

Knockdown of syncytin 1

Knockdown of syncytin 1 in BeWo cells was performed

using two sequences from a Stealth Select RNAi� Set

(Invitrogen) designed to target HERV-W mRNA; A (50-

GGUACUGGCAUUGGCGGUAUCACAA-30) and B (50-

CCUGUAUCUUUAACCUCCUUGUUAA-30). Cells were

suspended in Amaxa cell line solution L and mixed

with 500 nM HERV-W small interfering RNA (siRNA)

sequence A or B or Silencer negative control scrambled

siRNA (Ambion, Grand Island, NY), then nucleofected

using program X-005 (Amaxa Biosystems, Walkersville,

MD). Following transfection, cells were plated and after

72 hr they were washed and changed into OptiMem.

After 48 hr, MV were isolated. Twelve separate transfec-

tions were performed and were combined into four pools

of three transfections each. Knockdown of HERV-W

mRNA was confirmed by quantitative reverse transcrip-

tion-PCR.

Quantitative real-time PCR

RNA was extracted from BeWo cells using TRIzol (Invi-

trogen) and quantified with the Quant-iT RiboGreen

RNA kit (Invitrogen). Reverse transcription was carried

out using the AffinityScript Multiple Temperature

cDNA synthesis kit from Stratagene, Santa Clara, CA.

Alongside each set of reactions, two control samples

were included, one without reverse transcriptase and

one without RNA. In addition, human reference total

RNA (Stratagene) was run in quadruplicate as a calibra-

tor for the reverse transcription reaction. The controls

and calibrators were included in each subsequent PCR.

The HERV-W primers have been previously reported.2

Real-time PCR was performed using the Brilliant SYBR

Green qPCR master mix from Stratagene. Reactions

were incubated at 95� for 10 min, followed by 40 cycles

of 95� for 30 seconds, 60� for 1 min and 72� for

1 min. Each reaction was conducted in duplicate along-

side the two controls and a no template control. Copy

number was calculated using a standard curve prepared

by serial dilution of placental cDNA and was expressed

relative to the mean copy number for four internal cali-

brators included with each reverse transcriptase reaction.

HERV-W mRNA levels were then normalized to the

18S housekeeping gene.

Statistical analysis

Analysis of IL-1b in individual supernatants, quantified

by ELISA, was performed using the Mann–Whitney

U-test. Analysis of cytokines/chemokines quantified by

multiplex in pooled supernatants was performed by

unpaired t-test. For analysis of the effects of MV or

syncytin 1 protein on the LPS response, data were nor-

malized to the LPS response and compared with this by

one-way t-test. Responses to MV from siRNA-treated cells

were normalized to control MV and compared with the

PBMC response to MV generated from cells treated with

scrambled siRNA. Statistical significance was classified as

*P < 0�05, **P < 0�01 or ***P < 0�001.

Results

Trophoblast-derived microvesicles contain
syncytin 1 protein

Primary trophoblast cells and the BeWo trophoblast cell

line have both been shown to express syncytin 1.6,9,21,22

Therefore, we hypothesized that syncytin 1 may be

released in association with shed MV, much like other

placental proteins.22–29 Western blots revealed syncytin 1

bands at 50 000 and 73 000 molecular weight in MV shed

from BeWo cells and first-trimester, normal term and

pre-eclamptic term placental explants (Fig. 1).

Trophoblast-derived microvesicles interact with
macrophages

To investigate the interaction between syncytin 1-positive

MV and immune cells, THP-1 monocytic cells were trea-

ted with PMA to induce differentiation into adherent

macrophages, and then co-cultured with fluorescently

labelled MV isolated from BeWo cells. After a 4-hr incu-

bation, fluorescent BeWo cell-derived MV were both

bound to, and internalized by, the macrophages (Fig. 2).

Syncytin 1-positive trophoblast microvesicles activate
peripheral blood immune cells

We next investigated whether the interaction with syncy-

tin 1-positive trophoblast MV or syncytin 1 protein

would activate immune cells. The PBMC were maintained

in suspension in low-binding plates and incubated with

either syncytin 1-positive MV shed from BeWo cells or

recombinant syncytin 1. Both treatments elevated the

secretion of IL-1b from PBMC, although only the BeWo
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MV reached significance (Fig. 3a). Further investigation

using multiplex analysis revealed that both BeWo MV

and recombinant syncytin 1 significantly increased PBMC

secretion of IL-6, IL-10, G-CSF, MCP-1, MIP-1a, MIP-

1b, RANTES and GRO-a (Table 1). BeWo MV, but not

the recombinant syncytin 1, also significantly increased

PBMC secretion of IL-2, IL-8, IL-12 and TNF-a
(Table 1).

Syncytin 1-positive trophoblast microvesicles and
syncytin 1 protein modulate PBMC responses to LPS

We have previously demonstrated that placental MV

throughout gestation dampened PBMC responses to

LPS.16 Therefore, in this current study we sought to

determine the role for syncytin 1 in this process. The

effect of BeWo-derived MV and syncytin 1 protein on the

immune cell responses to an infectious Toll-like receptor

4 stimulus was determined by pre-treating PBMC with

MV or recombinant syncytin 1, followed by challenge

with low-dose LPS. Untreated PBMC up-regulated IL-1b
production in response to LPS (Fig. 3b). Pre-treatment of

PBMC with either syncytin-1-positive BeWo MV or

recombinant syncytin 1 significantly reduced LPS-induced

production of IL-1b (Fig. 3b). This was further explored

using multiplex analysis of cytokine/chemokine produc-

tion. In addition to IL-1b, PBMC challenged with LPS

produced significantly elevated levels of IL-2, IL-6, IL-8,

IL-10, G-CSF, MCP-1, MIP-1a, MIP-1b, RANTES, TNF-a
and GRO-a when compared with the no treatment

control (Table 2: PBMC response to LPS). As shown in

Table 2, pre-treatment of PBMC with either BeWo MV

(+ BeWo MV) or recombinant syncytin 1 (+ rSyncytin 1)

significantly reduced the LPS-induced PBMC secretion of

IL-6, MCP-1 and TNF-a. In addition, pre-treatment of

PBMC with BeWo MV, but not recombinant syncytin 1,

significantly down-regulated LPS-induced secretion of IL-

10, G-CSF, RANTES and GRO-a. Pre-treatment of PBMC

with syncytin 1 protein, but not BeWo MV, augmented

the LPS-induced RANTES response by PBMC and

increased VEGF secretion (Table 2).

Activation of PBMC by trophoblast-derived MV is
dependent on the expression of syncytin 1

To determine whether syncytin 1 plays a direct role in

mediating the activation of immune cells by MV, siRNA-

knockdown was performed in BeWo cells. Using two

specific siRNA sequences, HERV-W mRNA levels were

significantly reduced by � 65% compared with cells trea-

ted with non-targeting siRNA (Fig. 4a). The PBMC were

then treated with MV generated from either untransfected

BeWo cells (wild-type MV); BeWo cells transfected with

non-targeting siRNA (non-targeting siRNA MV); or

20 µm 20 µm

20 µm20 µm

Figure 2. Interaction of microvesicles (MV) with macrophages. Flu-

oresence microscopy was used to visualize the interaction of PKH67-

labelled BeWo-derived MV (green) with PMA-differentiated THP-1

cells. Images show fluorescent MV both bound to the surface of, and

internalized into, the THP-1 cells. Images are representative of three

independent experiments.

BeWo Cell line

Placental explants

Placental explants

Cell lysate

First trimester
MV

Normal term
MV

Pre-eclamptic
MV

50 000

50 000

75 000

(a)

(b)

(c)

75 000

50 000

75 000

MV

Figure 1. Syncytin 1 protein content in trophoblast microvesicles

(MV). Western blot for syncytin 1 protein (50 000 and 73 000 molec-

ular weight) was performed on: (a) BeWo cell lysates and BeWo-

derived MV; (b) isolated MV shed from first-trimester (n = 5) and

normal term (n = 4) placental explants; and (c) isolated MV shed

from pre-eclamptic term placental explants (n = 4).
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BeWo cells transfected with HERV-W-specific siRNA

sequences (syncytin siRNA A/B MV). As shown in

Fig. 4(b), IL-1b production by PBMC was significantly

elevated following treatment with MV shed from both

wild-type and non-targeting siRNA control cells. Although

MV shed from BeWo cells transfected with HERV-W siR-

NA also induced an increase in IL-1b, this was signifi-

cantly less (� fourfold) than IL-1b secretion induced by

MV from the control cells (Fig. 4b). As shown in Table 3,

syncytin 1 knockdown significantly reduced the non-tar-

geting siRNA MV induced up-regulation of IL-6, IL-10,

G-CSF, MIP-1a, MIP-1b, TNF-a and GRO-a.

Discussion

Human endogenous retroviral proteins such as syncytin 1

are highly expressed in the placenta, and are potential

candidates for immunomodulators in pregnancy.11,12

Normal pregnancy is associated with the presence of cir-

culating placental MV.30 It has been demonstrated that

these MV have immunomodulatory activities,17–19,31 a

finding supported by our own recent studies.16 In this

study we have shown, for the first time, that trophoblast/

placental-derived MV contain syncytin 1, and that MV-

mediated immune cell activation is, at least partly, depen-

dent on the presence of syncytin 1. Furthermore, we

demonstrated that both syncytin-1-positive MV and

recombinant syncytin 1 modulate immune cell responses

to LPS. These studies implicate syncytin 1 in MV-medi-

ated immune cell activation and immunomodulation in

pregnancy.

Herein, we report that syncytin 1 is expressed in MV

shed from first-trimester, term normal and pre-eclamptic

term placental tissue, as well as from the BeWo tropho-

blast cell line. The presence of syncytin 1 in MV suggests

active deportation of this placenta-specific protein into
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Figure 3. Activation and priming of peripheral blood mononuclear cells (PBMC) by syncytin 1 protein and syncytin-1-positive trophoblast-

derived microvesicles (MV). The effect of syncytin-1-positive MV on baseline PBMC activation and on the ability of PBMC to respond to lipo-

polysaccharide (LPS) stimulation was examined. (a) PBMC were treated with: no treatment (NT), 20 lg/ml BeWo cell-derived microvesicles

(BeWo MV), or 10 lg/ml recombinant syncytin 1 protein (rSyncytin 1) (n = 6). Following a 24-hr incubation, supernatants were collected and

assayed for interleukin-1b (IL-1b) by ELISA. (b) PBMC were pre-treated with either: medium, 20 lg/ml BeWo MV or 10 lg/ml rSyncytin 1 for

2 hr. After this pre-treatment, all cells were then treated with or without LPS for 24 hr and the supernatants were assayed for IL-1b by ELISA.

Bar chart shows fold change in IL-1b production in response to LPS stimulation relative to LPS alone with no pre-treatment (media), which was

set at 1. *P < 0�05; **P < 0�01 compared with the NT/media control, as determined by Mann–Whitney U-test.

Table 1. Fold-change in cytokine/chemokine production by periph-

eral blood mononuclear cells in response to BeWo microvesicles

(MV) and recombinant syncytin 1 protein

Molecule BeWo MV rSyncytin

IL-2 1�2 (± 0�11) * 0�9 (± 0�04) ns

IL-4 1�1 (± 0�05) ns 1�1 (± 0�03) ns

IL-6 3�3 (± 0�53) *** 3�1 (± 8�18) **

IL-8 10�4 (± 1�86) ** 3�5 (± 1�13) ns

IL-10 5�1 (± 0�69) ** 1�9 (± 0�11) **

IL-12 1�4 (± 0�08) * 1�3 (± 0�45) ns

IL-17 0�7 (± 0�24) ns 1�0 (± 0�10) ns

G-CSF 2�4 (± 0�34) ** 2�5 (± 0�27) ***

GM-CSF 0�9 (± 2�32) ns 1�0 (± 2�02) ns

IFN-c 1�3 (± 0�31) ns 1�0 (± 0�32) ns

MCP-1 1�1 (± 4�09) * 2�0 (± 1�55) ***

MIP-1a 6�7 (± 2�19) *** 3�0 (± 0�34) ***

MIP-1b 3�0 (± 16�62) *** 2�7 (± 46�31) *

RANTES 0�9 (± 4�29) * 1�6 (± 11�82) **

TNF-a 45�0 (± 2�87) *** 1�0 (± 0�01) ns

VEGF 1�0 (± 0�33) ns 1�1 (± 0�07) *

GRO-a 2�0 (± 44�89) * 2�5 (± 31�24) **

Peripheral blood mononuclear cells were treated with 20 lg/ml

BeWo MV (n = 6) or 10 lg/ml recombinant syncytin 1 protein

(rSyncytin 1; n = 4). Following 24 hr of incubation, cell-free super-

natants were pooled and assayed by multiplex analysis. Numbers

represent fold change of cytokine/chemokine production after treat-

ment with MV or recombinant syncytin relative to the level pro-

duced after no treatment. Standard errors of the means are

presented in parenthesis. Analysis was performed by unpaired t-test

before calculation of fold-change. *P < 0�05, **P < 0�01, ***P <

0�001. ns indicates no significant difference.

IL-2, interleukin-2; G-CSF, granulocyte colony-stimulating factor;

GM-CSF, granulocyte–macrophage colony-stimulating factor; IFN-c,

interferon-c; MCP-1, monocyte chemoattractant protein 1; MIP, mac-

rophage inhibitory protein; RANTES, regulated on activation normal

T-cell expressed and secreted; TNF-a, tumour necrosis factor alpha,

vascular endothelial growth factor; GRO-a, growth-related oncogene-a.
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Table 2. Fold-change in cytokine/chemokine production by immune cells in response to lipopolysaccharide (LPS) alone, and after priming with

BeWo microvesicles (MV) or recombinant syncytin 1 protein

Molecule

PBMC

response to LPS

Change in response

to LPS + BeWo MV

Change in response to

LPS + rSyncytin 1

IL-2 0�82 (± 0�02) ** 1�3 (± 0�11) ns 1�2 (± 0�22) ns

IL-4 1�12 (± 0�03) ns 0�9 (± 0�02) ns 0�9 (± 0�01) ns

IL-6 19�08 (± 68�19) ** 0�8 (± 4�76) * 0�8 (± 11�84) *

IL-8 20�30 (± 150�10) ** 1�1 (± 2�30) ns 1�3 (± 3�27) ns

IL-10 22�35 (± 1�38) *** 0�6 (± 1�63) * 1�1 (± 0�53) ns

IL-12 0�95 (± 0�03) ns 0�9 (± 0�27) ns 1�3 (± 0�09) ns

IL-17 0�90 (± 0�10) ns 0�6 (± 0�05) ns 0�7 (± 0�33) ns

G-CSF 23�93 (± 5�72) ** 0�7 (± 3�72) * 1�1 (± 0�73) ns

GM-CSF 0�75 (± 1�75) ns 1�1 (± 1�33) ns 1�2 (± 1�95) ns

IFN-c 1�43 (± 0�16) ns 1�2 (± 0�30) ns 1�2 (± 0�61) ns

MCP-1 1�12 (± 2�30) * 0�8 (± 4�14) * 0�9 (± 2�33) *

MIP-1a 19�65 (± 30�12) ** 0�8 (± 11�88) ns 1�0 (± 5�22) ns

MIP-1b 4�03 (± 4�72) *** 0�9 (± 50�45) ns 1�8 (± 13�75) ns

RANTES 1�41 (± 12�04) ** 0�7 (± 1�12) ** 1�4 (± 14�62) *

TNF-a 316�59 (± 33�35) *** 0�8 (± 43�42) * 0�2 (± 8�03) **

VEGF 1�03 (± 0�14) ns 0�9 (± 0�10) ns 1�2 (± 0�14) *

GRO-a 3�79 (± 100�68) ** 0�8 (± 0�76) ** 1�0 (± 87�22) ns

Peripheral blood mononuclear cells were pre-treated with 20 lg/ml BeWo MV (n = 6) or 10 lg/ml recombinant syncytin 1 protein (rSyncytin 1;

n = 4) for 2 hr followed by LPS for 24 hr. Supernatants were collected, pooled and assayed by multiplex. The peripheral blood mononuclear

cells response to LPS alone was determined by comparison with no treatment and is represented in the table as fold change relative to no

treatment. Change in the LPS response in the presence of BeWo MV and syncytin 1 was determined by comparison with LPS treatment

alone and is represented in the table as fold change relative to the LPS response. Standard errors of the means are presented in parenthesis.

Analysis was performed by one-way t test before calculation of fold-change. *P < 0�05, **P < 0�01, ***P < 0�001. ns indicates no significant

difference.

IL-2, interleukin-2; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte–macrophage colony-stimulating factor; IFN-c, inter-

feron-c; MCP-1, monocyte chemoattractant protein 1; MIP, macrophage inhibitory protein; RANTES, regulated on activation normal T-cell

expressed and secreted; TNF-a, tumour necrosis factor alpha; VEGF, vascular endothelial growth factor; GRO-a, growth-related oncogene-a.
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Figure 4. Microvesicle (MV) -induced peripheral blood mononuclear cell (PBMC) activation is dependent upon the presence of syncytin 1. (a)

BeWo cells, either non-transfected (wild-type) or transfected with a non-targeting small interfering (si) RNA (500 nm) or two different HERV-W-

specific siRNA sequences (a, b; 500 nm) were cultured for 72 hr and then analysed for HERV-W mRNA expression. HERV-W mRNA expression

normalized to 18S mRNA was expressed relative to the wild-type control cells for each experiment and analysed by Mann–Whitney U-test

(*P < 0�05, **P < 0�01 versus cells treated with non-targeting siRNA) (n = 5). (b) PBMC were incubated with either: no treatment (NT); or

20 lg/ml isolated MV derived from: wild-type BeWo cells (Wild-type MV); BeWo cells transfected with non-targeting siRNA (non-targeting

MV); or BeWo cells transfected with HERV-W specific siRNA sequences a or b (HERV-W siRNA MV). After 24 hr, supernatants were collected

and interleukin-1b (IL-1b) was measured by ELISA and analysed by Mann–Whitney U-test. *P < 0�05, **P < 0�01 compared with NT control

unless otherwise specified (n = 6).
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the maternal circulation during pregnancy. We, and oth-

ers, have demonstrated the presence of syncytin 1 in the

syncytiotrophoblast microvillous membrane,6,9,32,33 from

where MV are shed. As a model, we show that BeWo

cell-derived MV, positive for syncytin 1, are bound and

taken up by monocyte-derived macrophages, an observa-

tion also made by others using trophoblast-derived MV

or exosomes,19,34 although this is not necessarily a prere-

quisite for immune cell activation.34

Following incubation with either the BeWo trophoblast

cell-derived, syncytin-1-positive MV, or a recombinant

syncytin 1 fragment comprising 100 amino acids from the

extracellularly facing SU subunit, PBMC secretion of an

array of cytokines and chemokines was up-regulated,

which, in general is consistent with a pro-inflammatory

profile. This observation conflicts with speculations that

syncytin 1 is immunosuppressive and tolerogenic, based

on the presence of a putative immunosuppressive pep-

tide.9 However, this sequence is located in the transmem-

brane subunit, which was not present in the recombinant

protein. More importantly, an animal model of transplant

rejection identifies syncytin 1 (uniquely among HERV) as

lacking immunosuppressive activity;3 and studies of the

highly related multiple sclerosis-associated retroviral ele-

ment have identified the corresponding protein as having

potent pro-inflammatory properties.13,35

We have recently demonstrated that first-trimester pla-

cental explant-derived MV induce PBMC activation, as

shown by the up-regulation of IL-1b and a number of

other cytokines.16 In this study, we have shown that these

placental-derived MV16 express syncytin 1, and that both

syncytin-1-positive BeWo MV and recombinant syncytin

1 have similar pro-inflammatory properties, so we devel-

oped an siRNA-knockdown model in which the shed MV

lacked syncytin 1. For this we used the BeWo cell line, as

such experiments are difficult to perform in primary tro-

phoblast cells or explant cultures. The MV in which

syncytin 1 was knocked down exhibited a markedly

reduced pro-inflammatory activity compared with MV

expressing syncytin, suggesting that syncytin 1 is, at least

in part, responsible for the immune cell activation

induced by placental MV.

We have also recently demonstrated that placental

explant-derived MV modulate PBMC responses to LPS,

with both first-trimester and term placental-derived MV

dampening LPS-induced PBMC IL-1b production.16

Here, we also demonstrate the same effect with both

BeWo cell-derived MV and recombinant syncytin 1. This

suggests the induction of a state of endotoxin tolerance.36

When further cytokines and chemokines were evaluated,

we found that IL-6, MCP-1 and TNF-a production in

response to LPS were also reduced in the presence of

either the MV or syncytin 1. This pattern for MCP-1 and

TNF-a has been demonstrated before with placental MV

from normal pregnancies.16 However, there were some

differences between the MV-mediated and syncytin-medi-

ated regulation of PBMC responses to LPS. BeWo-MV,

but not syncytin 1, reduced the LPS-induced secretion of

PBMC IL-10, G-SCF and GRO-a, whereas syncytin 1

enhanced the production of RANTES and VEGF. This

might be explained by differences in the native and

recombinant partial synctin 1 protein. For example, as

mentioned earlier, the recombinant syncytin 1 used in

these studies is a partial protein. Alternatively, these dif-

ferences may be attributed to other immunomodulatory

proteins within the trophoblast MV.23–29,34 For example,

trophoblast-derived exosomes can also induce IL-1b pro-

duction by macrophages through their expression of

fibronectin.34 Whether the MV from our studies express

fibronectin, however, is currently unknown.

Table 3. Fold-change in cytokine/chemokine production by immune

cells in response to syncytin small interfering RNA microvesicles

(syncytin siRNA MV)

Molecule

Fold change relative to

non-targeting siRNA MV

IL-2 0�9 (± 0�04) ns

IL-4 1�0 (± 0�04) ns

IL-6 0�5 (± 0�05) *

IL-8 1�5 (± 0�38) ns

IL-10 0�8 (± 0�04) *

IL-12 0�8 (± 0�02) ns

IL-17 0�7 (± 0�05) ns

G-CSF 0�6 (± 0�05) *

GM-CSF 0�9 (± 0�04) ns

IFN-c 0�9 (± 0�08) ns

MCP-1 0�9 (± 0�04) ns

MIP-1a 0�4 (± 0�01) **

MIP-1b 0�8 (± 0�01) *

RANTES 1�4 (± 0�04) *

TNF-a 0�5 (± 0�01) *

VEGF 1�0 (± 0�03) ns

GRO-a 0�9 (± 0�01) *

Peripheral blood mononuclear cells were treated with 20 lg/ml iso-

lated MV derived from BeWo cells transfected with non-targeting

siRNA, or BeWo cells transfected with human endogenous retrovirus

W (HERV-W) -specific siRNA. Following a 24-hr incubation, cell-

free supernatants were pooled and assayed by multiplex analysis.

Numbers represent fold change of cytokine/chemokine production

after treatment with syncytin siRNA MV relative to the level pro-

duced after treatment with non-targeting siRNA MV. Standard

errors of the means are presented in parenthesis. Analysis was per-

formed by unpaired t-test before calculation of fold-change.

*P < 0�05, **P < 0�01. ns indicates no significant difference.

IL-2, interleukin-2; G-CSF, granulocyte colony-stimulating factor;

GM-CSF, granulocyte–macrophage colony-stimulating factor; IFN-c,

interferon-c; MCP-1, monocyte chemoattractant protein 1; MIP, mac-

rophage inhibitory protein; RANTES, regulated on activation normal

T-cell expressed and secreted; TNF-a, tumour necrosis factor alpha;

VEGF, vascular endothelial growth factor; GRO-a, growth-related

oncogene-a.
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This study is the first demonstration that a placental

human endogenous retroviral protein may be pro-inflam-

matory and strengthens evidence that the immunomodu-

latory function of HERV may be ‘uncoupled’ from their

fusogenic function.3 The shedding of placental HERV into

maternal circulation via MV may represent a means of

interaction between placental HERV and the mother that

facilitates an immune dialogue at a systemic level. The

role of syncytin 1 in the aberrant immune responses asso-

ciated with pregnancy pathologies, such as pre-eclampsia

warrants further investigation, particularly in light of our

finding that MV from pre-eclamptic placentas are intrin-

sically more pro-inflammatory.16
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