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Abstract

Fusion of the trophoblast-derived choriocarcinoma cell line BeWo can be triggered by forskolin. BeWo cells are regularly used as a cell

culture model to mimic in vivo syncytialisation of placental villous trophoblast. The b subunit of human chorionic gonadotropin (CGB),

placental alkaline phosphatase as well as placental protein 13 (PP13, LGALS13) are exclusively expressed in the syncytiotrophoblast of

the human placenta, and CGB is commonly used as a marker of syncytial differentiation. Here we tested the hypothesis that syncytial

fusion precedes CGB and LGALS13 expression in trophoblast-derived BeWo cells. BeWo cells were cultured for 48 h in the presence or

absence of forskolin and varying concentrations of H-89, a protein kinase A inhibitor that interferes with the forskolin-mediated pathway

of syncytial fusion. LGALS13 and CGB expression were quantified by DELFIA and real-time PCR. Cell fusion was determined by

morphological analysis and cell counting after immunofluorescence staining. In forskolin-stimulated BeWo cells that were hindered

to fuse by treatment with H-89, levels of CGB protein expression were not altered, while LGALS13 protein and mRNA expression

decreased significantly to control levels without forskolin. The LGALS13 protein expression data coincided with a significant decrease

in syncytial fusion, while CGB protein expression was unaffected by rates of cell fusion and proliferation. We postulate that CGB protein

expression is not necessarily linked to syncytial fusion, and thus CGB should be used with great caution as a marker of BeWo cell fusion.

Reproduction (2010) 140 759–766
Introduction

The choriocarcinoma cell line BeWo is the most
extensively used cellular in vitro model to study villous
trophoblast fusion. These cells show a low spontaneous
fusion rate, which can be boosted by the addition of
cAMP, its analogue 8-bromo-cAMP, or by adding
forskolin (Wice et al. 1990). The latter increases
intracellular cAMP levels by activating adenylyl
cyclase. In turn, increased cAMP activates protein
kinase A (PKA; Knerr et al. 2005), subsequently
activating proteins such as the transcription factor
glial cells missing 1 (GCM1). Target genes of GCM1
include the classical fusion peptide syncytin-1
(ERVWE1), which is directly involved in trophoblast
fusion (Mi et al. 2000). Finally, proteins specific for the
syncytiotrophoblast such as b subunit of human
chorionic gonadotropin (CGB) and placental protein
13 (PP13, LGALS13) are upregulated after syncytia-
lisation (Fig. 1A).

The placental-specific LGALS13 (Than et al. 2004)
is a member of the b-galactoside binding S-type
galectin superfamily and is one of the promi-
sing biochemical markers to predict preeclampsia,
a pregnancy-related syndrome (Spencer et al. 2007,
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Huppertz et al. 2008). In humans, LGALS13 is only
expressed in placental tissues, and within the villous
trophoblast it can only be detected in the multi-
nucleated syncytiotrophoblast (Huppertz et al. 2008,
Than et al. 2009).

CGB and ERVWE1 are commonly used as markers
for syncytiotrophoblast in primary trophoblast (Frendo
et al. 2003) and BeWo cells (Butler et al. 2009). Other
proteins that are often used as markers for syncytio-
trophoblast are human placental lactogen (hPL; CSH1)
(Gaspard et al. 1980, Pidoux et al. 2007) and human
placental alkaline phosphatase (ALPP; Webb & Todd
1988, Guilbert et al. 2002). Regarding CGB, former
studies have already shown that BeWo cell fusion is
not necessarily linked to CGB mRNA expression
(Lin et al. 1999). In a follow-up study, these authors
showed cellular rather than syncytial CGB expression
in ERV3-overexpressing cells (Lin et al. 2000).

To test the hypothesis that the expression of
LGALS13 and CGB is indeed restricted to the
syncytial form of the trophoblast-derived BeWo cells,
we analysed fusion of BeWo cells and expression
of several key players in the fusion process in response
to forskolin treatment.
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Figure 1 Proposed pathway of forskolin-mediated BeWo cell fusion. (A) Pathway of forskolin-mediated cell fusion and expression of CGB and
LGALS13 as accepted so far. LGALS13 as well as CGB are only considered to be expressed after fusion of BeWo cells. (B) Proposed pathway of
forskolin-mediated cell fusion of BeWo cells combined with the expression of GCM1, ERVWE1, CGB, LGALS13 and ALPP in the presence of
H-89 as derived from this study. LGALS13 protein expression is linked to fusion, while CGB protein expression is at least partially independent of
syncytial fusion. Blockage of protein kinase A hinders cell fusion, LGALS13 mRNA and protein expression and ALPP mRNA expression, as
marked with black arrows. Expression of CGB protein remains unchanged in the presence of H-89, as marked with a tilde (w), while CGB mRNA
expression is significantly downregulated compared with that in the presence of forskolin only but at the same time still remains significantly
upregulated compared with that in the presence of DMSO, as marked with a black arrow in brackets. Protein expression of ALPP was not
determined (ND).

760 K Orendi and others
Results

H-89 inhibits protein expression of LGALS13 but not
of CGB

BeWo cells were tested for their ability to express
LGALS13 and CGB at the protein level in the presence or
absence of 20 mM forskolin and in the presence
or absence of various concentrations of H-89. In the
presence of DMSO, the expression of both proteins
was low, while in the presence of forskolin the
expression was upregulated up to 3.2-fold in the case
of LGALS13 and up to 7.4-fold in the case of CGB
(Fig. 2A and B). In the presence of forskolin, addition of
10 mM H-89 (Davies et al. 2000), a cell permeable and
potent inhibitor of PKA, reduced the expression of
LGALS13 to levels to those observed in the absence of
forskolin (Fig. 2A). Interestingly, the expression of CGB
was not altered in the presence of up to 10 mM H-89
(Fig. 2B). At a concentration of 1 mM, H-89 had no effect
on the expression of LGALS13 and CGB. Higher
concentrations of H-89, 30 and 100 mM, were lethal
for the cells.

Since a concentration of 10 mM H-89 was most
effective in our test system, this concentration was used
for all further experiments.
Reproduction (2010) 140 759–766
BeWo cell fusion is reduced in the presence of H-89

Figure 3A shows immunofluorescence staining of BeWo
cells in the presence of 0.2% DMSO, 20 mM forskolin or
10 mM H-89 in combination with 20 mM forskolin. The
DMSO-treated controls showed only very little CGB
staining, and staining for fodrin (SPTAN1), a major
component of the sub-a-membranous cytoskeleton,
revealed that the cells were mostly in the mononu-
cleated stage (Fig. 3A, I–III). Treatment with forskolin
upregulated differentiation and fusion of BeWo cells.
This was visualised by plaques of CGB staining (Fig. 3A,
IV and VI) and absence of SPTAN1 staining in larger
areas (Fig. 3A, V–VI). This staining pattern demonstrated
syncytialisation, as cell border-associated SPTAN1 net-
work was previously shown to be downregulated and
degraded during trophoblast fusion (Gauster et al. 2010).
In the presence of H-89, individual BeWo cells stained
strongly positive for CGB but remained in the mono-
nucleated stage (Fig. 3A, VII and IX). The clear cell
borders as visualised by SPTAN1 staining (Fig. 3A, VIII–
IX) were similar to those visualised in the DMSO-treated
control group. The double labelling showed that
mononucleated cells were indeed expressing CGB
(Fig. 3A, IX).
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Figure 2 Effect of H-89 and forskolin on LGALS13 (A) and CGB (B)
expression in BeWo cells (48 h) (meanGS.D.). H-89 treatment led to
decreased LGALS13 protein levels (dark grey bars) at 10 mM, while
CGB protein levels remained unaffected (light grey bars). At 30 and
100 mM H-89, cells were no longer viable (†). All data were normalised
to the forskolin control (black bars). Significant differences from the
forskolin control are marked with an asterisk (*). Significant differences
from the DMSO-treated controls (white bars) are marked with a
hash (#). Data are obtained from nine independent experiments.
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Quantification of BeWo cell fusion confirmed that
forskolin induced cell fusion in these cells. While
DMSO-treated controls showed a spontaneous fusion
rate of about 4.9%, forskolin treatment increased fusion
events significantly to 50.5%. The effect of forskolin was
nearly diminished to a fusion rate of 11.0% in the
presence of 10 mM H-89 with a significant decrease of
fusion events compared with the effect of forskolin only
(Fig. 3B). Nevertheless, the fusion rate in the presence of
H-89 and forskolin was still significantly increased
compared with that in the presence of DMSO, although
there was a significant decrease towards a much lower
fusion rate in the presence of H-89 compared with that in
the presence of forskolin.
H-89 reduces the forskolin-induced activation of
mRNA expression of ERVWE1, LGALS13 and CGB
in BeWo cells

Following the proposed pathways of forskolin action as
depicted in Fig. 1A, the mRNA expression of GCM1,
ERVWE1, LGALS13 and CGB in BeWo cells was
www.reproduction-online.org
analysed. Furthermore, the mRNA expression of a
commonly used marker for syncytialisation, ALPP, and
of the sub-membranous cytoskeletal protein SPTAN1
were assessed in the presence of DMSO, forskolin or
H-89 in combination with forskolin by real-time RT-PCR
(Fig. 4A–F). In the presence of forskolin, the mRNA
expression of GCM1, ERVWE1, LGALS13, CGB and
ALPP were significantly upregulated compared with that
in the presence of DMSO (Fig. 4A–E), while the mRNA
expression of SPTAN1 decreased significantly when the
cells were treated with forskolin (Fig. 4F). Addition of
H-89 to the culture medium in the presence of forskolin
resulted in a significant decrease of ERVWE1, LGALS13
and CGB (Fig. 4B–D) compared with that in the presence
of forskolin. ERVWE1 and LGALS13 expression even
dropped down to levels of DMSO-treated controls
(Fig. 4B and C), while CGB levels still showed a
10-fold increase compared with the levels of DMSO-
treated controls (Fig. 4D). The mRNA expression of
GCM1, ALPP and SPTAN1 was not significantly altered
in the presence of H-89 and forskolin compared with
that in the presence of forskolin only, although a trend
towards the expression level in the presence of DMSO
could be observed in the case of ALPP (Fig. 4E and F).
H-89 keeps proliferation active in BeWo cells staining
positive for CGB

Immunofluorescence staining with antibodies against
CGB and the proliferation marker Ki-67 (Gerdes et al.
1983) reveals that the vast majority of nuclei in the
presence of DMSO stain positive for Ki-67, indicating
that these cells are proliferating (Fig. 5A). CGB
expression in these cells is low. In the presence of
forskolin, nuclei in CGB stain positive and multi-
nucleated cell structures stain mainly negative for
Ki-67 (Fig. 5B). In the presence of H-89 and forskolin,
a great number of cells staining positive for CGB are still
proliferating as shown by Ki-67-positive nuclei (Fig. 5C).

Data shown in Figs 2–5 point out that the originally
proposed, simplified pathway of forskolin-induced
BeWo cell fusion and differentiation (Fig. 1A) needs
updating as soon as inhibition of PKA by H-89 comes
into play. Figure 1B shows a more complex attempt to
explain the interrelation of several key steps in this
forskolin-induced fusion cascade, pointing out that
the regulation of CGB might follow an additional,
PKA-independent pathway. Furthermore, mRNA data
revealed that expression of genes is often differentially
regulated than that of the respective proteins, as is the
case for CGB, for example. While at the protein level
CGB expression in the presence of H-89 and forskolin
was not altered at all compared with that in the presence
of forskolin (Fig. 2B), CGB mRNA expression decreased
significantly from 35-fold in the presence of forskolin to
10-fold in the presence of forskolin and H-89 compared
with that in the presence of DMSO (Fig. 4D).
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Figure 3 Effect of the protein kinase A inhibitor H-89
on BeWo cell fusion and CGB expression (48 h).
(A) Immunofluorescence staining for CGB (I, IV, VII:
green) and SPTAN1 (II, V, VIII: red) with DAPI
counterstaining (blue) was performed on BeWo
cytospins as described in Materials and Methods. In
the presence of H-89, mononucleated cells stained
strongly for CGB, while the number of syncytia was
reduced. (B) Fusion rates in the presence of DMSO,
forskolin or H-89 and forskolin. Data are presented
as box-and-whisker plot. Significant differences to
DMSO-treated controls are marked with an asterisk
(*). Significant differences to forskolin-treated cells
are marked with a hash (#). Data were obtained
from three independent experiments.
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Discussion

Syncytial fusion in vivo is one of the key events occurring
during placental development. CGB is often described as
a marker of syncytial differentiation (Butler et al. 2009),
and in vitro studies using villous explants and isolated
primary trophoblasts have revealed that CGB can indeed
be used as marker for syncytialisation of primary
trophoblast (Leisser et al. 2006). This is in clear agreement
with a variety of other studies showing that CGB is
upregulated in fusing BeWo cells as well (Butler et al.
2009). Different from CGB, the a subunit of human
Reproduction (2010) 140 759–766
chorionic gonadotropin (CGA) has been described to
be upregulated already prior to syncytial fusion (Gaspard
et al. 1980). LGALS13 expression in BeWo cells and
its dependency on BeWo cell fusion has not been
shown before. Here, it was shown that the expression of
CGB and LGALS13 was related to BeWo cell fusion.

According to the proposed pathway of forskolin-
induced cell fusion (Fig. 1A), the latter is mediated
through an increase of cAMP, activation of PKA and of
the transcription factor GCM1, finally activating
ERVWE1. This results in BeWo cell fusion and the
www.reproduction-online.org
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Figure 4 Effect of the protein kinase A inhibitor H-89 on mRNA
expression of GCM1, ERVWE1, LGALS13, CGB, ALPP and SPTAN1
(48 h). Quantitative real-time RT-PCR of BeWo cells in the presence of
DMSO, forskolin and H-89 for 48 h (meanGS.D.). Values represent fold
changes relative to DMSO-treated controls (black bars). Significant
differences to DMSO-treated controls are marked with an asterisk (*),
significant differences to forskolin-treated cells are marked with a hash
(#). Data are obtained from three to four independent experiments.
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subsequent protein expression of LGALS13 and CGB
(Wice et al. 1990, Knerr et al. 2005, Schubert et al.
2008). Hence, the hypothesis was made that an inhibitor
of PKA should thus block the whole pathway of fusion as
well as the expression of both the proteins, CGB and
LGALS13 (Keryer et al. 1998).

According to our data, this was true for syncytial
fusion of BeWo cells and the expression of LGALS13.
H-89 is a blocker of PKA but inhibits several other
kinases such as S6K, MSK1, PKA and ROCK2 as well
(Davies et al. 2000, Leemhuis et al. 2002). In our setting,
H-89 interfered with the forskolin-mediated cAMP-
dependent pathway of syncytial fusion, and the sub-
sequent LGALS13 expression was completely blocked
with no differences of LGALS13 expression level
compared with DMSO-treated controls (Fig. 2A).

Interestingly, this was not the case for CGB. In BeWo
cells, CGB was not only expressed in multinucleated
syncytia but also in mononucleated cells hindered to
undergo fusion via H-89 treatment (Fig. 3A, IX). The
forskolin-induced protein expression of CGB was not
blocked by the PKA inhibitor with no significant
differences to forskolin controls in the absence of H-89
(Fig. 2B). Thus, CGB expression seems to follow a
second, PKA-independent pathway (Fig. 1B).

LGALS13 protein data after H-89 treatment could be
confirmed at the mRNA level (Fig. 4C). This was not the
case for CGB as CGB mRNA was affected by inhibition of
PKA, even though it was still 10-fold upregulated
www.reproduction-online.org
compared with that in the DMSO-treated controls
(Fig. 4D). This decreased expression of CGB mRNA
after treatment with a combination of H-89 and forskolin
may be due to the fact that CGB mRNA expression is
partly dependent on the PKA pathway of GCM1 and
ERVWE1 activation. If this pathway is blocked, this part of
CGBmRNA expression is blocked as well and thus results
in a reduced expression of CGB mRNA similar to the
effect of H-89 on LGALS13 mRNA expression. However,
protein data reveal that there must be at least a second,
PKA-independent pathway of CGB expression in mono-
nucleated BeWo cells, which keeps treated BeWo cells in
the absence of H-CGB protein expression at levels of
forskolin-89. Castellucci & Kaufmann (2006) have
proposed a respective model based on protein data
from isolated trophoblasts and villous explant cultures.
They proposed that there is a sequence of events in the
protein expression of CGA, CGB and finally hPL. hCG is
expressed directly prior to fusion, CGB directly after
fusion and hPL slightly later. The authors discuss that in
the event of delayed fusion or severe damage of the
overlying syncytiotrophoblast, mononucleated cytotro-
phoblasts may express a-a- and CGB as well (Castellucci
& Kaufmann 2006). Regarding CGB, this is in line with the
data from our study, where hindrance of syncytial fusion
leads to protein expression of CGB in mononucleated
BeWo cells.

The significantly decreased mRNA expression of
the sub-membranous cytoskeletal protein SPTAN1 in
the presence of forskolin was suggested to result
from the increased fusion rate (Gauster et al. 2010), as
multinucleated cell structures compared with the
respective number of single cells show a reduced surface
to volume ratio. Thus, less SPTAN1 is required to sustain
the sub-membranous cytoskeletal network in large
syncytia compared with mononucleated cells.

Another interesting finding was the disparate
expression changes of GCM1 and ERVWE1 mRNA in
the presence and absence of H-89 and forskolin (Fig. 4A
and B). In the cascade of cAMP-induced cell fusion, the
gene product of the transcription factor GCM1 is closely
linked to ERVWE1, since the latter is a target gene of
GCM1. As expected GCM1 mRNA was not affected
by blocking of PKA as this enzyme modifies GCM1 by
phosphorylation only post-translationally. Inhibition of
this phosphorylation process led to a reduced activity
of the transcription factor GCM1 followed by a down-
regulation of ERVWE1 expression. Through downregula-
tion of this classic fusion peptide, fusion was blocked,
and mRNA expression of post-fusion proteins such as
LGALS13, CGB and ALPP was also downregulated, even
though only partly in the case of CGB. Similar to the data
on mRNA, LGALS13 protein expression was completely
blocked. Interestingly, CGB protein expression remained
unaffected.

Immunofluorescence staining with antibodies against
the proliferation marker Ki-67 indicates that cells
Reproduction (2010) 140 759–766
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which were hindered to undergo fusion via H-89 were
still proliferating as shown by Ki-67 staining but also
expressed CGB (Fig. 5B and C). This is in contrast to
fused BeWo cells that stain positive for CGB but
negative for Ki-67. A combination of all these data
A

B

C

50 µM

50 µM

50 µM

Figure 5 Effect of the protein kinase A inhibitor H-89 on BeWo cell
proliferation (48 h). Immunofluorescence staining for Ki-67 (red) and
CGB (green) with DAPI counterstaining (blue) was performed on BeWo
cytospins as described in Materials and Methods. (A) Control cells
treated with DMSO are mostly positive for Ki-67, while (B) cells in the
presence of forskolin differentiate into syncytia and stain positive for
CGB. (C) In the presence of forskolin and H-89, mononucleated cells
maintain their proliferative activity and stain positive for CGB as well.
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suggests that the forskolin-induced pathway of cell
fusion as proposed so far (Fig. 1A) might be more
complex, as depicted in Fig. 1B. CGB protein may
derive from an additional PKA-independent pathway of
CGB expression, which bypasses the regulation of
ERVWE1 (Fig. 1B).

These data have important implications for the use of
CGB as a marker of syncytialisation of the classical
model of trophoblast fusion, the BeWo cells. Any
treatment of these cells may lead to a decreased fusion
rate without an accompanying decrease in CGB
expression. Hence, only measuring CGB alone may
not be sufficient to prove fusion of BeWo cells. Instead,
it may be valuable to use relative expression of
LGALS13, ERVWE1 or even SPTAN1 as additional
markers of syncytial fusion of trophoblast and tropho-
blast-derived cells.
Materials and Methods

Cell culture

BeWo cells (European Collection of Cell Cultures, ECACC,
Salisbury, UK) were cultured at 37 8C and 95% air/5% CO2 in
DMEM (Gibco, Invitrogen) and Ham’s F12K medium (Gibco)
(ratio 1:1) supplemented with 10% FCS (PAA, Pasching,
Austria), 1% penicillin/streptomycin (PAA) and 1% amphoter-
icin B (PAA). Cells were plated in 12-well dishes (2.3!105

cells/well) and incubated overnight. The following day, the
medium was removed and replaced by fresh medium with
or without 20 mM forskolin (Sigma–Aldrich) or 0.2% DMSO
(as vehicle for forskolin; Roth/Lactan, Graz, Austria) and
incubated for another 48 h.

For morphological analysis, immunofluorescence staining
and quantification of fusion, BeWo cells were detached by
treatment with 120 ml/well Accutase (PAA) supplemented with
0.01 mg/ml DNase I (Roche) for 15 min at 37 8C and spun onto
glass slides at 57 g for 5 min (Shandon Cytospin 2, Histocom,
Vienna, Austria).
Exposure of BeWo cells to H-89 (dihydrochloride)

The culture medium in the presence of 20 mM forskolin or 0.2%
DMSO was supplemented with 1–100 mM dihydrochloride,
H-89 (Calbiochem/Merck; Davies et al. 2000). Stock
solution of H-89 was prepared in double distilled water. Cells
were incubated for 48 h under the same conditions as
described above.
Cell lysis and protein determination

Cells were washed once in PBS and lysed with 80 ml/well
RIPA buffer (Sigma–Aldrich; with complete protease inhibitor
cocktail, Roche) for 5 min on ice. Lysates were clarified
by centrifugation at 16 000 g for 10 min at 4 8C. Total protein
concentration was assessed by Lowry protein assay.
www.reproduction-online.org
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DELFIA

LGALS13 and CGB concentrations of cell lysates were
determined using time-resolved fluoroimmunoassay kits
according to the manufacturer’s manual (PerkinElmer, Turku,
Finland). Cell lysates were diluted 1:3 and 1:5 in DELFIA
diluents I and II respectively. The fluorescent signal of each
sample was converted by MultiCalc (PerkinElmer) into the
respective protein concentration calculated from a standard
curve. LGALS13 and CGB concentrations were normalised to
total protein in cell lysates.
Immunofluorescence staining and determination of
cell fusion

Cells detached with Accutase (PAA) and spun on glass slides
were fixed in acetone (Merck) for 7 min prior to staining.
UV-Block (Lab-Vision, Thermo Scientific, Vienna, Austria) was
supplemented with 10% human AB-serum and used to block
non-specific background staining. Primary antibodies used
in this study were directed against CGB (1:50, polyclonal rabbit
IgG, cat # RB-059-A, Thermo Scientific), SPTAN1 (1:100,
monoclonal mouse IgG, clone AA6; Biotrend, Cologne,
Germany) and Ki-67 (1:100, monoclonal mouse IgG, Mib-1;
Dako, Vienna, Austria). Primary antibodies were diluted in
antibody diluent (Dako) and incubated for 30 min at room
temperature alone or in combination. Fluorescent-labelled
secondary antibodies (Alexa Fluor 555 goat anti-mouse IgG or
Alexa Fluor 488 goat anti-rabbit IgG, 1:200; Invitrogen) were
incubated for 30 min at room temperature. Nuclei were
counterstained for 5 min with DAPI (1:2000; Invitrogen). Slides
were dried, mounted with ProLong Gold antifade reagent
(Invitrogen) and analysed by fluorescent microscopy using a
Leica DM6000B microscope connected to an Olympus DP72
digital camera (Olympus, Vienna, Austria).

BeWo cell fusion was determined as described previously
(Gauster et al. 2010). In brief, BeWo cells were double
stained for nuclei (DAPI) and the sub-membranous cytoskeletal
protein SPTAN1 to visualise cell borders and the number
of nuclei per cell. Analyses were performed in a total of at least
20 randomly selected microscopic fields of each condition,
in three independent experiments (newCAST software; Visio-
pharm, Hoersholm, Denmark). Number of nuclei in syncytia
and total number of nuclei were counted, and fusion index
was calculated (number of nuclei in syncytia/total number
of nuclei!100). The fusion index of the forskolin control
was set to 1, and the indices of the other conditions were
calculated accordingly.
RNA isolation and real-time RT-PCR

Total RNA was isolated with TRI Reagent (Applied Biosystems,
Vienna, Austria) according to the manufacturer’s instructions.
The quality of total RNA was assessed by ethidium bromide
staining of denaturing agarose gels.

RT of total RNA was performed with high-capacity cDNA
RT Kit (Applied Biosystems) according to the manufacturer’s
manual. In brief, 2 mg total RNA of each sample were mixed
with the kit components in a total reaction volume of 20 ml and
www.reproduction-online.org
incubated for 10 min at 25 8C, 120 min at 37 8C and 5 s at
85 8C in a thermocycler.

Real-time RT-PCR was performed using the QuantiFast
SYBR Green PCR Kit (Qiagen) and QuantiTect Primer
Assays (Qiagen) for LGALS13 (Hs_LGALS13_1_SG QuantiTect
Primer Assay), CGB (Hs_CGB_1_SG QuantiTect Primer Assay),
ERVWE1 (Hs_ERVWE1_1_SG QuantiTect Primer Assay),
GCM1 (Hs_Gcm1_1_SG QuantiTect Primer Assay), ALPP
(Hs_ALPP_1_SG QuantiTect Primer Assay), SPTAN1
(Hs_SPTAN1_1_SG QuantiTect Primer Assay) and ribosomal
protein P0 (Hs_RPLP0_2_SG QuantiTect Primer Assay), the
latter being used as internal reference. cDNA (10.8 ml at
20 ng/ml) was mixed with 2.7 ml primers and 13.5 ml SYBR
Green master mix. Expression levels were analysed in
triplicates in a volume of 8 ml per well in a 384-well plate
(Roche) in a LightCycler 480 (Roche). PCR conditions
comprised an initial 5-min denaturating step at 95 8C and a
subsequent two-step cycling including 10 s at 95 8C and 30 s
at 60 8C for 45 cycles. Ct values were automatically generated
by the LightCycler 480 Software (Roche), and relative quanti-
fication of gene expression was calculated by the standard
DDCt method using the expression of RPLP0 as reference.
Statistical analysis

Real-time RT-PCR and DELFIA data are expressed as
meanGS.D. Fusion data are presented as box-and-whisker
plot. The box represents the interquartile range, which contains
50% of the values. The whiskers are lines that extend from
the box to the highest and lowest values (1.5 times the inter-
quartile distance), excluding outliers. The lower and upper
margins of the box indicate the 25th and the 75th percentiles
respectively. The median is indicated as a line across the box.

Differences between the treatment conditions were tested
with ANOVA or Kruskal–Wallis test, as appropriate, followed
by Tukey’s post hoc tests. When comparing the control
group with each treatment condition, many-to-one testing
procedures (Dunn’s test, as appropriate) were used. Statistical
analysis was performed using SigmaPlot (SigmaPlot 11.0;
Systat Software, Erkrath, Germany). P values of !0.05 were
considered significant.
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