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Summary

Recently, the expression of a human endogenous retrovirus HERV-FRD able to
encode a fusogenic envelope protein (syncytin 2), has been observed in human
placenta. The aim of the present study was to localize the expression of syncytin 2
in first trimester placenta. In addition, we investigated the presence of HERV- FRD
transcripts during the in vitro differentiation of isolated villous and extravillous
trophoblastic cells from first trimester chorionic villi. Using a monoclonal antibody
specifically raised against the HERV-FRD Env protein, syncytin 2 was
immunolocalized only in the villous trophoblast of the chorionic villi, at the level
of cytotrophoblastic cells. Interestingly, immunostaining was not observed in all
cells but only in some of them, and was detected, more frequently, at the membrane
level at the interface between the cytotrophoblastic cells and syncytiotrophoblast.

Labeling was observed neither in the syncytiotrophoblast nor in the mesenchymal

core of the villi nor in the extravillous trophoblast. In vitro detection of HERV-
FRD transcripts was restricted to villous trophoblastic cells and decreased
significantly with time in culture. These results suggest that syncytin 2 might play a

role in human trophoblastic cell fusion.
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INTRODUCTION

Human endogenous retroviruses (HERV) comprise approximately 8% of the
human genome [1,2]. Most of the identified elements are defective due to
mutations and/or deletions within their genes, but some elements have conserved
intact open reading frames. A systematic search for non-defective endogenous
retrovirus envelope genes has led to the identification of 16 genes [3]. Among them
two can induce cell-cell fusion when expressed in different cells, and are highly
and specifically expressed in the human placenta [4-6].

The products of these two genes are glycoproteins named HERV-W Env
glycoprotein (syncytin 1) and HERV-FRD Env glycoprotein (syncytin 2). Syncytin
1 induces the formation of syncytia on interaction with the D type mammalian
retrovirus receptor (RDR, also known to be the neutral amino acid transporter
ATBO/ASCT2/SLCIAS) [5, 7]. In addition, Frendo et al. [8] showed that cell
fusion and differentiation of villous trophoblastic cells in culture are markedly
inhibited by specific HERV-W antisense oligonucleotides. Recently we
demonstrated that syncytin 1 is expressed in all types of human trophoblastic cells
[9]. Syncytin 1 and syncytin 2 originate from distinct retroviral elements, and
disclose several differences. Syncytin 2 entered the primate genomes earlier than
syncytin 1, namely before the split between New World and Old World Monkeys

(i.e > 40 Myrs ago), whereas syncytin 1 entered about 25 Myrs ago, being not
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found in Old World Monkeys. Yet, both genes remained functional in all the
corresponding primate branches, thus strongly suggesting selection for a
physiological role [2] Syncytin 1 and syncytin 2 also differ by their receptor (still
not identified for syncytin 2), as demonstrated by ex vivo cell-cell fusion assays
using different cell types [6].

The human trophoblast differentiates along two major pathways both critical for
normal placental function [10]. In the villous trophoblast, the cytotrophoblastic
cells of the floating villi proliferate and differentiate by fusion to form a
syncytiotrophoblast that covers the entire surface of the willi. This
syncytiotrophoblast is regenerated, by a continuous turnover process including
proliferation of cytotrophoblast stem cells, fusion of differentiating cytrophoblast
into  syncytiotrophoblast and  progression towards  apoptosis.  The
syncytiotrophoblast is multifunctional, but its primary functions are absorption,
exchanges and specific hormonal functions. In the extravillous trophoblast, the
cytotrophoblastic cells of the anchoring villi in contact with the uterus wall
proliferate, detach from the basement membrane and aggregate into mutilayered
columns of non-polarized cells that invade the uterus wall. From there individual
cells migrate into the decidua and the myometrium, remodeling the pregnant
vasculature. Indeed, some of the extravillous cytotrophoblastic cells invade the

uterine arterioles. Alternatively many extravillous interstitial cytotrophoblastic cells
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are scattered through the deciduas and the myometrium and differentiate into
multinucleated giant cells.

The aim of the present study was to localize in situ, in first trimester placenta, the
expression of HERV-FRD Env glycoprotein in the villous and extravillous

trophoblast. In addition, using our previously described in vitro model of villous

and extravillous cytotrophoblastic cell isolation [11], we investigated the presence

of HERV-FRD transcripts specific for syncytin 2 in these cells.

MATERIAL AND METHODS

Antibodies

A DNA fragment containing amino acids 16 to 166 of the HERV-FRD envelope
ORF was amplified from phCMV-EnvFRD [6], inserted into the pET28b
(Novagen) procaryotic expression vector and expressed in BL21 bacteria. The
recombinant protein was purified from bacteria lysates by nickel affinity
chromatography. Mice immunization and generation of monoclonal antibodies
producing hybridomas were performed in accordance with standard procedures
[12]. The hybridoma supernatants were tested by ELISA assays using the
recombinant protein, and by immunoblot analyses using lysates of cells transiently
transfected with an HERV-FRD Env expression vector [6]. The hybridoma with the

highest affinity was selected (6E1 hybridoma) and injected into the peritoneal
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cavity of 5 mice to produce ascites. Monoclonal antibodies were then purified by
using protein G sepharose 4 fast flow (Amersham, Orsay, France ), according to the
manufacturer instructions. The isotype of the anti-HERV-FRD Env monoclonal
antibody, as determined by an ELISA assay, is IgG1. To test the specificity of the
6E1 monoclonal antibody, 293T human cells were transfected with expression
vectors for HERV-FRD Env and HERV-W Env [6], by using lipofectamine

(Invitrogen, 1-2 ug of DNA for 7.5 X 10° cells). Transfected cells were recovered

24 h after transfection in cold phosphate-buffered saline (PBS) supplemented with
protease inhibitors, and centrifuged at 200 X g at 4°C for 5 min. The cell pellets
were then resuspended in Laemmli buffer and whole-cell lysates were separated by
SDS-PAGE using gels containing 12% polyacrylamide. Proteins were transferred
to nitrocellulose membranes (Schleicher & Schuell, Mantes La Ville, France) and
incubated either with the HERV-FRD Env 6El mouse monoclonal antibody
(1:500), or with HERV-W Env polyclonal antibodies (anti-SU rabbit antiserum ;
gift from M. Mangeney, Villejuif, France) used as a control (1:500). A goat
antibody to mouse or to rabbit IgG conjugated to horseradish peroxydase

(Amersham, Orsay, France; dilution 1:10000) was used as the secondary antiserum.

Immunohistochemistry
Placental tissues (n=4) from first trimester legal induced abortions (8-12 weeks of
gestation) were obtained from the Department of Obstetrics and Gynecology at the

Broussais, Saint Vincent de Paul and Cochin Hospitals and fixed in 4 % formalin
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for 4 to 12 h at room temperature. In addition paraffin sections of an implantation
site (placenta and myometrium) at 16 weeks of pregnancy was obtained from the
Department of Pathology CHR La Citadelle, Liege. Hysterectomy was performed
because of cervical carcinoma stage Ila diagnosed at 16 weeks of gestation.
Samples were fixed in 4 % formalin for 4 to 12 h at room temperature. Use of these
biological samples, were approved by local ethical committee. After fixation,
samples were dehydrated and embedded in paraffin. Five um sections were cut,
deparaffined in xylene and rehydrated in ethanol/water. Antigens were retrieved by
treatment for 45 min in 0.001M sodium citrate buffer (pH 6) in a water bath (95-
99C), according to the Dako labs kit procedure (Trappes, France). Endogenous
peroxydase activity was inhibited with 3% hydrogen peroxide for five minutes.
Non specific binding was blocked by incubation for 30 min with 2% BSA in PBS,
then, specimen were washed five times in PBS and incubated for 30 min at room
temperature with antibody against HERV-FRD Env (1/400) or cytokeratin 07
(1/100). Then after five further washes in PBS specimens were immunostained by a
streptavidin-biotin staining procedure, using the Peroxydase, Dako LSAB kit.
Specimens were mounted in an aqueous medium (Aqueous Mounting Medium;
Dako). All controls, performed with a mouse isotypic IgGl at the same
concentration as the primary antibody were negative.

Isolation and purification of cytotrophoblastic and fibroblastic cells from first
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trimester chorionic villi.

Six different cell isolations were performed using chorionic villi from first trimester
(7-12 weeks) legal induced abortion, as previously described [11]. In the first place
dissected chorionic villi were incubated in Hank's solution containing 0.125%
trypsin (Difco Laboratories, Detroit, Michigan), 4.2 mM MgS0O4, 25 mM Hepes,
50 U/ml Deoxyribonuclease type IV (Sigma, Saint-Quentin Fallavier, France) for
35 min at 37°C without agitation. Then the tissue was sedimented and the
supernatant was taken and filtered (100 um pores). Hank's solution was added six
times to the tissue with subsequent sedimentations. The pooled supernatants were
used for extravillous cytotrophoblastic cells (EVCT) isolation and trypsin digestion
was stopped in these supernatants with 10% fetal calf serum (FCS). In the mean
time the remaining villous tissue was further digested for villous cytotrophoblastic
and fibroblastic cells isolations (see section below). Cells were centrifuged at 300 x
g for 10 min, washed twice in Hank's solution supplemented with 10% FCS and
filtered on a 50 um pore nylon membrane. The cell suspension was carefully
layered over a discontinuous Percoll gradient and centrifuged for 25 min at 1000 x
g. The layer corresponding to 40-45% Percoll, was washed twice in Hank's solution
supplemented with 10% FCS, diluted to a concentration of 1 x 10° cells/ ml in
DMEM supplemented (10% FCS, 2 mM glutamine, 100 Ul/ml penicillin and 100

ng/ml streptomycin) and plated on Matrigel-coated (5 mg/ml; Collaborative
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Biomedical Products, Le Pont de Claix, France) 8-um pores Transwell insert
(Costar, Cambridge, MA), as previously described [11] . After 2 h adhesion period
in 5% CO2 at 37°C, cells were carefully washed three times to eliminate non-
adherent cells and cultured for 48 h in HAMF12/DMEM (10% FCS, 2 mM
glutamine, 100 Ul/ml penicillin and 100 pg/ml streptomycin). Each preparation of
purified EVCT cells were characterized using immunocytochemistry as previously
described [11, 13 and table 1]. Briefly cells cultured for two days on Matrigel
coated Transwell and crossing the 8-um diameter pores of the membrane were
immunostained for vimentin, cytokeratin 07, human leukocyte antigen-G (HLAG),
human placental lactogen (hPL), the protooncogene c-erbB2 and alpha5 subunit of
the alphaS-betal-fibronectin receptor [13]. We observed that populations of
isolated EVCT were 95 to 97% pure from one preparation to another, as analyzed
by double labeling using antibodies against cytokeratin 07 and hPL. In addition
these EVCT cells expressed c-erbB2 and HLAG protein. These cell preparations
were negative for vimentin.

After the first 35min digestion period the remaining villous tissue was subjected to
sequential trypsin DNase digestion (3-4) (Hank's solution containing 0.0625 %
trypsin, 4.2 mM MgSO,, 25 mM Hepes, 50 U/ml DNase type IV) for villous
cytotrophoblastic cells isolation as previously described [11-14]. Cells suspensions

were carefully layered over a discontinuous Percoll Gradient (70% to 5%, in 5%
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steps) and centrifuged. The middle layer (30-45%) was removed and washed in
DMEM. Cells were diluted to a final concentration of 1.25x 10° cells/ ml DMEM
supplemented with 10% FCS, 2 mM glutamine, 100 Ul/ml penicillin and 100
ng/ml streptomycin and then plated in 35 mm plastic dishes (TPP, Switzerland) and
incubated at 37°C in humidified 5 % CO,_ 95%. After one night incubation non
adherent cells and syncytial fragments were removed by three washes with Hank's
solution. These cells were positively stained for cytokeratin 07 at 95%. These
villous trophoblastic cells were cultured for 24 and 72 h and the culture medium
was changed daily. For fibroblast isolation, several (3-5) trypsin-DNase (Hank's
solution containing 0.0625 % trypsin, 4.2 mM MgSO,, 25 mM Hepes, 50 U/ml
DNase type IV) digestions were further performed on the remaining mesenchymal
core of the chorionic villi. After discarding cells from the first digestion, cells were
pooled, diluted to a final concentration of 2x10° cells/ml in DMEM supplemented
(10% FCS, 2 mM glutamine, 100 Ul/ml penicillin and 100 pg/ml streptomycin).
Cells (1.25x 10° cells/ ml) were plated on 35 mm plastic dishes (TPP, Switzerland)
and cultured for 48 h and the culture medium was changed daily. These cultured
fibroblasts were characterized using immunocytochemistry. 98% of the cells were
vimentin positive and also positive to a monoclonal antibody against specific

fibroblast antigen (clone ASO2, Dianova, Hambourg, Germany).

10
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Quantification of specific transcripts by real-time RT-PCR.

Total RNA was extracted from EVCT cells cultured for 48 h (10° cells), from
villous trophoblastic cells (6x10° cells) cultured for 24 and 72 h and from
fibroblasts (6x10° cells) cultured for 48 h using QIAGEN Rneasy mini kit
(Courtabeuf, France). cDNA synthesis and PCR amplification were performed as
described previously [15]. All PCR reactions were performed using an ABI Prism
7700 Sequence Detection System (Perkin-Elmer Corp., Applied Biosystems, Foster
City, CA) and the SYBER Green PCR Core Reagents kit (Perkin-Elmer Corp.
Applied Biosystems). We used the following primers FRDf (+)
GCCTGCAAATAGTCTTCTTT and FRDr (-) ATAGGGGCTATTCCCATTAG
[3]; PPIA () CTGAAGGCCTGCATGGATTC and PPIA ()
CTGCTGTCTTTGGGACCTTGT [15]. The gene PPIA coding for cyclophilin A
was used as internal control and each sample was normalized on the basis of its

PPIA content.

RESULTS

HERYV-FRD Env glycoprotein immunolocalization in human placenta
To detect the HERV-FRD Env (syncytin 2) expression, we raised a monoclonal

antibody directed against part of the HERV-FRD Env surface (SU) subunit (6E1

11
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antibody; Material and Methods). The specificity of the 6E1 monoclonal antibody
was shown by western blot experiments (Fig 1). Human 293T cells were transiently
transfected with plasmids expressing the HERV-FRD Env protein (pCMV-
EnvFRD), or the HERV-W Env protein (pCMV-EnvW) as a control.
Immunoblotting of the lysates with the 6E1 monoclonal antibody revealed, only in
cells transfected with HERV-FRD Env, a major band with an apparent molecular
mass of approximately 75 kDa, consistent with the size of the Env precursor, and a
fainter band of approximately 60 kDa, most probably corresponding to the cleaved
Env SU subunit. No band was observed with the 6E1 antibody in lysates of cells
transfected with the HERV-W Env (syncytin 1) expression vector. Expression of
the HERV-W Env protein was controlled by immunoblotting the same lysates with
a polyclonal antibody raised against HERV-W Env SU protein. These results
demonstrate that the 6E1 monoclonal antibody is specific for HERV-FRD Env

(syncytin 2), and does not cross react with the syncytin 1 protein.

Using the 6E1 monoclonal antibody, specific expression of syncytin 2 was
analyzed by immunostaining of earlyplacenta sections. In the chorionic villi,
syncytin 2 was detected at the level of the cytotrophoblast (Figure 2). Interestingly,
immunostaining was not observed in all cytotrophoblastic cells but in only some of
them (Figure 3 and 4). In these cells, immunostaining occurred sometimes in the

cytoplasm (Figure 3 and 4) and, interestingly also at the membrane level, at the

12
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interface between cytotrophoblastic cells and the syncytiotrophoblast (Figure 3).
Immunostaining was never observed in the syncytiotrophoblast (Figure 2, 3 and 4)
and in the mesenchymal core of the villi (Figure 2 and 4).

As shown in figure 5, syncytin 2 immunostaining was not observed in the
extravillous cytotrophoblastic cells: proliferative cells of the column (panel A),
interstitial extravillous cytotrophoblastic cells (panel A), multinucleated giant cells
(panel C) and peri and endovascular trophoblastic cells (panel C). The trophoblastic
identity of the investigated cells was characterized by cytokeratin 07
immunostaining (panels B and D).

In control experiments, replacing the primary antibody by a non specific IgG1
antibody, no immunoreactivity was detected (Figure 3: insert, Figure 5: panels E

and F).

HERV-FRD transcript levels in cultured villous and extravillous
cytotrophoblastic cells.

Cytotrophoblastic cells obtained after 35 minutes enzymatic digestion of first
trimester chorionic villi and further purified (see Materials and Methods) were
cultured for two days on Matrigel-coated Transwell (see Materials and Methods).

After crossing the membranes, cells visible on the bottom side of the porous

13
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membrane were shown to express the specific markers of human invasive EVCT,
as previously described [9, 11, 13]. We determined, by real-time quantitative RT-
PCR, the expression of HERV-FRD mRNA in EVCT cells cultured for two days.
HERV-FRD transcripts were not detected in these cells and in human fibroblasts
isolated from the same villi (Figure 6), in agreement with the absence of HERV-
FRD Env glycoprotein immunodetection in EVCT and fibroblasts.

In contrast HERV-FRD transcripts were detected in cultured villous trophoblastic
cells isolated from the same villi, with variations from one placenta to another
(Figure 6). In culture, cytotrophoblastic cells isolated from first trimester chorionic
villi after sequential enzymatic digestion adhere to plastic dishes, aggregate and
fuse together to form a syncytiotrophoblast within 48-72 h (8, 11, 14,15) . In these
cells, HERV-FRD transcript levels decreased significantly between 24 hours and

72 hours of culture (Figure 6).

DISCUSSION

In this study, using a monoclonal antibody specifically raised against the HERV-
FRD glycoprotein, we demonstrate for the first time that this protein, also called
syncytin 2, is expressed in human trophoblast. HERV-FRD Env is immunodetected

in the villous trophoblast at the cytotrophoblastic cell level and not in the

14
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extravillous trophoblast. Interestingly, the expression of this fusogenic retroviral
envelope glycoprotein is not uniformly distributed in the villous cytotrophoblastic
cell layer. Villous cytotrophoblastic cells are immunostained sometimes in the
cytoplasm but more frequently at the cell membrane, the membranous staining
occurring at the interface between cytotrophoblastic cells and the
syncytiotrophoblast. Localization at this interface is precisely that expected for a
protein directly involved in the fusion of the mononuclear cytotrophoblastic cells
into the syncytiotrophoblast. Moreover, the scattered localization of syncytin 2 may
be linked to the dynamic process of trophoblast fusion. These observations argue
for a role of syncytin 2 in syncytiotrophoblast formation and regeneration.

In vitro, several factors have been demonstrated to be directly involved in
trophoblastic cell-cell fusion, including the phosphatidylserine flip [16], connexin
43 [17, 18], cadherin 11 [19], CD98 [20], caspase 8 [21] and syncytin 1 [§].
Syncytin 1 expression is observed in all trophoblastic cell types (villous and
extravillous) [4, 22, 23, 8, 24, 25, 26, 9]. Such a profile is clearly different from
that observed in the present study for syncytin 2, thus suggesting that the activities
of these two proteins of retroviral origin are non-redundant. Yet, this does not
exclude their possible cooperation in the fusion process, as hypothesized for the
other above-mentioned proteins

The fusion process of villous cytotrophoblast into syncytiotrophoblast requires the

15
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interaction of the retroviral envelope proteins with membranous receptors. The D
type mammalian retrovirus receptor RDR, functional receptor for syncytin 1, is
present in both the villous and extravillous trophoblast [9]. The nature of the
HERV-FRD Env receptor mediating cell fusion is unknown and needs to be
investigated in the near future.

In conclusion, we have demonstrated for the first time that the HERV-FRD Env
glycoprotein (syncytin 2) is only expressed in villous cytotrophoblastic cells,
suggesting a direct role in human syncytiotrophoblast formation. Cell fusion is an
essential step in human trophoblast differentiation and studies are still required to
improve our understanding of the various factors directly involved in this process.
Pathological models, such as cytotrophoblasts isolated from Trisomy 21-affected
placentas [27] and in which cell fusion and syncytiotrophoblast formation are
defective [15], should help to further our understanding of the cell-cell fusion

process.
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LEGENDS

Figure 1: Characterization of the 6E1 monoclonal antibody raised against the
HERV-FRD Env. Whole-cell extracts of 293T cells, transiently transfected with
HERV-FRD Env (pCMV-EnvFRD) or HERV-W Env (pCMV-EnvW) expression
vectors, were separated by SDS-12% PAGE. The blots were probed with the 6E1
anti-EnvFRD mouse monoclonal antibody or with an anti-EnvW rabbit polyclonal

antibody as a control.

Figure 2 Immunohistochemical analysis of syncytin 2 (HERV-FRD Env) in the
villous trophoblast of placenta floating wvilli (16 weeks of gestation).
Immunostaining with anti-syncytin 2 monoclonal antibody shows positive
reactivity in cytotrophoblastic cells (black arrows), not uniformly distributed along
the cytotrophoblastic cell layer. No labeling can be detected at the level of the

syncytiotrophoblast or the mesenchymal core of the villi. Scale bar= 50um.

Figure 3. Immunohistochemical analysis of syncytin 2 (HERV-FRD Env) in the
villous trophoblast (12 weeks). Immunostaining was observed in the cytoplasm of

cytotrophoblastic cells (black arrow) and at the membrane level, at the interface
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between cytotrophoblastic cells and the syncytiotrophoblast (red arrow). Some
cytotrophoblastic cells were not immunostained (green arrow). No reactivity was
observed in control sections incubated with a non specific IgG1 antibody (insert).

Scale bar=40um.

Figure 4. Immunohistochemical analysis of syncytin 2 (HERV-FRD Env) in the
villous trophoblast of first trimester placenta floating villi (8 weeks of gestation).
This large magnification allows to clearly establish the cytoplasmic localization in
the cytotrophoblastic cells (CT). No immunostaining was observed in the

syncytiotrophoblast (ST) and in the mesenchymal core (MC). Scale bar= 10um.

Figure 5. Immunohistochemical analysis of syncytin 2 (HERV-FRD Env) in the
implantation site of 16-week gestation placenta. Sections were stained for
cytokeratin 07 to identify trophoblastic cells. The anti-syncytin 2 monoclonal
antibody shows no reactivity in the EVCT of the columm (A, bold arrow), in the
interstitial extravillous cytotrophoblastic cells (C, arrow head) and in the
multinucleated giant cells (C, asterix) identified by positive cytokeratin 07
immunostaining (B and D). No reactivity is observed in control sections incubated
with a non specific IgG1 antibody (E and F). These results are representative of all

the tissues studied. Scale bar = 40 pm.
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Figure 6. Syncytin 2 (HERV-FRD Env) transcript levels in villous and extravillous
trophoblastic cells isolated from the same first trimester chorionic villi. Extravillous
trophoblastic cells (EVCT) were cultured for 48h on Matrigel, villous
cytotrophoblastic cells (VCT) for 24h and 72h on plastic dishes and fibroblasts for
48h on plastic dishes, as described in methods. Data are expressed as levels of
syncytin 2 mRNA normalized by PPIA mRNA levels. Values are the mean + SEM
of six different experiments carried out with cell cultures from six different first

trimester placentas. *=p<0.05 using the Wilcoxon range test.
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