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The Roles of S1P on Placental Development
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Sphingosine-1-phosphate (S1P), a bioactive sphingolipid metabolite, has various functions to affect many signalling
pathways leading to cellular proliferation and differentiation and to regulate of cell migration, invasion, and
angiogenesis. However, there are little reports about the relation between trophoblast stem cells and S1P. Thus, the
physiologic effects of S1P on trophoblast stem (TS) cells were investigated in this study. S1P was involved in early
stage development of trophoblast via upregulation of Eomesodermine mRNA expression and suppressed differentiation
of TS cells through activation of extracellular-signal regulated kinase (ERK) activation. Other actions of S1P were the
activation of p38 and the induction of DIx-3 mRNA expression for angiogenesis in TS cells. Interestingly, TS cells
cultured with S1P for 4 days in thrombin-fibrinogen gel culture system, specific culture system for endothelia cells,
showed good healthy appearance, but TS cells cultured without S1P got severe damages. Taken together, we suggest
that S1P has very important roles on placenta such as development of early stage trophoblast, suppression of

differentiation, and angiogenesis on placenta.
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Introduction

Trophoblast stem (TS) cells can be derived from
blastocysts by culture in the presence of fibroblast
growth factor (FGF)-4 plus heparin and primary
embryo fibroblast-conditioned medium. TS cells only
contribute to the trophoblast lineages of the placenta
and not to the fetus itself. They behave as restricted
stem cells, capable of recapitulating the entire differ-
entiation pathway of the trophoblast lineages involv-
ing labyrinth trophoblast, spongiotrophoblast, and
giant cells (Donald et al. 1998, Tanaka et al. 1998,
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Janet et d. 2001). So, TS cell is a very good material
for studying the mechanism of placentation involing
implantation.

Sphingosine-1-phosphate (S1P), a bioactive sphin-
golipid metabolite formed by sphingosine kinase,
showing versatile ability. It is stored in platelets, re-
leased upon their activation, and is present in an abu-
min-bound form at physiologically relevant concen-
trations in serum. Like many other sphingolipids, S1P
was thought to be mainly a degradative metabolite of
sphingolipids formed during turnover of eukaryotic
cell membranes (Shawn et al. 2002). It is now well
accepted that extracellular S1P is an important media-
tor of many physiological processes. The platelet—
derived growth factor (PDGF) activated sphingosine
kinase, thereby incresing intracellular S1P levels,
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implicated arole for intracellular S1P in cell survival,
proliferation, angiogenesis and the inhibition of apop-
tosis (Susan et a. 2000). But there is no report about
the relation between S1P and trophoblast.

The mammalian embryo is critically dependent on
the establishment of a chorioallantoic placenta, which
functions as the primary means of nutrient and gas
exchange. DIx-3 is a homeodomain transcription fac-
tor and a member of the vertebrate Distal -less family.
DIx-3 is expressed in the ectoplacental cone cells and
chorionic plate, and later in the labyrinthine layer of
murine animal placenta. Targeted deletion of the
mouse DIx3 gene results in embryonic death between
day 9.5 and day 10 because of placental defects that
alter the development of the labyrinthine layer (Maria
et al. 1999).

Although p38 was originally identified through its
role in stress responses, p38 isoform also plays an
essential role in normal embryonic development. A
null mutation in p38 results in embryonic lethality at
midgestation stages, most likely as a consequence of
defective placental development. In particular, there
are distinct defects in the placenta, corresponding to a
severe reduction in the spongiotrophoblast layer, as
well as a near absence of the labyrinth layer because
of the failure of vascularization by endothelial cells
from the underlying chorionic plate (John et al. 2000).

The Erk have been implicated in the control of cell
proliferation, differentiation and survival. Previous
study showed that disruption of the Erk2 locus leads
to embryonic lethality early in mouse development
after the implantation stage. In addition, Erk mutant
embryos fail to form the ectoplacental cone and extra
—embryonic ectoderm, which give rise to mature tro-
phoblast derivatives in the fetus (Saba-El-Leil et al.
2003). However, the specific role of Erk for regulating
the proliferation and the differentiation of polar tro-
phectoderm cells has not been known well. In this
study, we checked roles of S1P on development of
placenta.
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Materials and M ethods

1. Cdll culture

Medium for TS cell culture (TS medium) and em-
bryonic fibroblast conditioned medium (EMFI-CM)
were prepared as previously described (Andreas et al.
2000). At day 3.5 after mating, blastocysts were re-
leased from the ampulla into media by rupturing the
oviduct with the aid of a 25—-gauge needle and then
TS cells were derived by culturing blastocysts on em-
bryonic fibroblasts with medium consisting of 70%
EMFI-CM, 30% TS cell medium, FGF-4 of 25ng/ml
(Sigma, St. Louis, MO, USA), and heparin of 1 pg/ml
(Sigma). TS cells were plated in EMFI -CM with FGF
-4 under 5% CO,-95% air at 37°C.

2. Western blot analysis

Cells were collected by centrifugation, washed with
PBS, and resuspended in suitable volume of 1 X
sample buffer. The sample solutions were cleared by
centrifugation at 12,000 rpm at 4°C for 20 min. After
centrifugation, the supernatant was boiled at 98°C for
5min, and then each 10 ug proteins separated on sodi-
um dodecylsulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE). The proteins were transfered onto
polyvinylidene difluoride membrane (Millipore, Bed-
ford, MA, USA) in a Bio—Rad Trans-Blot electro-
phoresis apparatus using Towbin’s buffer (25 mM
Tris, pH 8.3, 192 mM glycine, and 20% (v/v) metha-
nol). The membrane was incubated in 5% skim milk
at room temperature for 1 h, rinsed, and reacted with
anti —-Erk and anti—p38 (Santa Cruz, CA, USA) in
Tris-buffered saline with 0.05% Tween-20 (TBS-T)
at 4°C for overnight. The membrane was washed four
timesin TBS-T and reacted with secondary antibody
conjugated with horse radish peroxidase for 1 hr. After
four washes with TBS-T, the immunoreactive bands
were visualized by enhanced chemiluminescence
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(ECL) kit (Amersham Corp., England) and exposed to
X-ray film.

3. RT-PCR and dot blot analysis

Total RNA was extracted from 10° cells using Tri-
zol reagent (Life Technologies, Inc., Rockville, MD,
USA) following the manufacturer’s instructions. Total
RNA (2 ug) was reverse-transcribed into first—strand
cDNA using Superscript 11 (Life Technologies, Inc.,
Rockville, MD, USA) in a 20 pl reaction. The cDNA
was subsequently diluted 5 folds and PCR was then
performed in a reaction mixture containing 1 pl of
cDNA, 25ng of each primer, 0.1 mM dNTPs(contain-
ing dATP, dCTP, dGTP, and TTP), 2 ul of 10x reac-
tion buffer (Roche Molecular Biochemicals, Indiana-
polis, IN), 0.5 units of platinum Taq (Life Technolo-
gies, Inc., Rockville, MD, USA), and sterile water to
20 pl. Two to 2.5 ml of the resulting cDNA was used
in PCR amplifications using pairs of the following
primers:

(sense) 5 -AAGTGGGTGCAGTGTGGAAAGG-
3’; (antisense) 5'-CGCGCCTCCTCTTAGAGTC-
TCC-3' for Eomesodermin. (sense) 5 -AGACAAG-
AGGAGGCCTAGAACTC-3'; (antisense) 5'-GA-
GAAGGCTGGGGAGG-3 for DIx-3. The cycling
conditions were 94°C for 5 min, followed by 35 cycles
of 94°C for 1 min, 62~68°C for 1 min, 72°C for 1
min, and afinal extension at 72°C for 7 min. Two mic-
roliter of the PCR mixture was put on nitrocellulose
membrane for DNA blot, the results were analyzed
through dot blot hybridization with probe generated
from from clone related to the DIx-3 and Eomesoder-
min using specific above primers. PCR products ser-
ved as templates to generate %P-labeled anti-sense
probes for dot blots with random primer.

4. Céell culture on the thrombin-fibrinogen gels

This Thrombin-fibrinogen gel was prepared as de-
scribed by previous study (Montesano et al. 1987).
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Briefly, bovine fibinogen (Sigma) was dissolved in
PBS at a concentration of 2.5 mg/ml. The 0.5ml fibri-
ongen solution was transferred to each well of 24 well
plate. Clotting was induced by addition of thrombin
(0.625 U/ml, Sigma). Before seeding of TS cells, TS
cells were cultured with/without S1P for 2 daysin the
medium only. After gel clotting, each TS cells were
cultured on the plate for 30 min and then added anoth-
er 0.5ml fibrinogen solution with thrombin (0.625 U/
ml) on the cells. TS cells were cultured for another 4

days.

Results

1. S1Pinvolved in development of early
stageplacenta

The T-box gene Eomesodermine performs essen-
tial functions in early stage development of placenta
So to identify that S1P isinvolved in development of
early stage placenta, we checked the expression of
Eomesodermine mRNA. After treatment with S1P for
48 hr, the expression of Eomesodermine mRNA by

Eomesodermin mRNA expression
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Fig. 1. S1P enhanced the expression of Eomesodermin mRNA in
TScells. Cells were treated with 20 uM S1P for 48 hr and
then total RNAs were extracted with Trizol and prepared
for RT-PCR and dot blotting. Results are shown repre-
sentative of experiments performed at least 3 times. The
result represented as fold changes of MRNA expression
compare to the Eomesodermin mRNA expression of
medium alone group. (M: medium aone, MS: medium
+S1P)
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S1Pis markedly increased to 5.3 folds compare to me-
dium aone group (Fig. 1). This data means that S1P
plays important roles in development of early stage
placenta.

2. S1P involved in development of placental
circulatory system through theincrease of
p38 activity and theinduction of DIx-3
MRNA expression

Cells were treated with 20uM S1P for 0, 5, 15, 30
and 60 min and lysate was used to measure the ex-
pression of p38 and phospho-p38 proteins by western
blot analysis. S1P increased p38 activity in TS cells
within 5 min and increased p38 activity continued
during 30 min (Fig. 2A, 2B). In this study, we also
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Fig. 2. S1P induced increase of p38 activity. Cells were treated

with 20 uM S1P for O, 5, 15, 30 and 60 min. Then cells
were used to measure the activation of p38. 10 ug of each
protein was analyzed by Western blotting with anti-p38
and anti —-phospho-p38 antibodies. The immunoreactive
bands were then visualized by ECL kit (A). The data was
demonstrated a ratio of dimension of phosphorylation of
p38 band to p38 one by agraph (B).
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examined the expression of DIx-3 mRNA induced by
S1P on TS cells. The expression of DIx-3 mRNA on
TS cells was increased to 2.8 folds compared to me-
dium alone group by S1P(Fig. 3). In addition TS cells
were cultured with/without S1P for 4 days in throm-
bin-fibrinogen gel culture system, specific culture
system for endothelial cells. TS cells cultured with
S1P were healthy (Fig. 4A) but TS cells cultured with-
out S1P got severe damages (Fig. 4B). These data
indicate that S1P may be a very important molecule
for angiogenesis of placenta and circulatory connec-
tion between mother and fetus.

3. S1IP maintained proliferative state of TS cells
through induction of Erk activation

S1P induced the increase of Erk activity in TS cells
for 5, 15 and 30 min(Fig. 5). To check the roles of Erk
on suppression of TS cell differentiation, we treated
with PD 98059, Erk inhibitor. PD 98059 blocked the
action of S1P on maintaining proliferative state of TS
cells(Fig. 6). This data means that S1P make to main-
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Fig. 3. S1P enhanced the expression of DIx-3 mRNA in TS
cells. TS cells were cultured with/without S1P for 48 hr
and then total RNAs were extracted with Trizol and
prepared for RT-PCR and dot blotting. Results are
shown representation of experiments performed at least 3
times. The result represented as fold changes of mRNA
expression compare to the DIx-3 mRNA expression of
medium alone group. (M: medium alone, MS: medium
+S1P)
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Fig. 4. S1P made to survive TS cells on the fibriongen-thrombin gel. TS cells were cultured with medium aone (A) and medium with
20puM S1P(B) for 2days. TS cells were cultured for another 4 days after transfer of cells to gel and then observed with phase

contrast microscope( x 100).

Control S5

()

— == S

e .

Erk phosphorylation

S5 S15 S30

Fig. 5. S1P induced increase of Erk activity. Cells were treated
with 20 uM S1P for O, 5, 15, and 30 min. 10 ug of each
protein was analyzed by Western blotting with anti—Erk
and anti - phospho-Erk antibodies. The immunoreactive
bands were then visualized by ECL kit. The data was de-
monstrated a ratio of dimension of phosphorylation of
p38 band to p38 one by a graph (B).
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tain proliferative state of TS cells through ERK acti-
vation.
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Discussion

Sphingosine-1-phosphate (S1P) is a polar sphin-
golipid metabolite that functions as both an extra-
cellular and intracellular messenger to regulate diverse
cell signalling pathway, including cell growth, differ-
entiation, survival, motility, apoptosis and calcium
homeostasis (Shawn et a. 2002). Extracellular effects
of S1P are mediated via a newly identified family G-
protein coupled cell surface receptors (GPCRs), the
endothelial differentiation gene-1 (EDG-1) family
(Herve et a. 2002). In this study the physiologic or
pathologic effect of S1IP on TS cells was investigated.

The T-box gene Eomesodermine performs essen-
tial functions in trophoblast development. So, mouse
embryos lacking Eomesodermine arrest at the blas-
tocyst stage (Andreas et al. 2000) Indeed, Eomeso-
dermine defines a conserved molecular pathway con-
trolling the morphogenetic movements of germ layer
formation and has acquired a new function in mam-
mals in the differentiation of trophoblast (Andreas et
a. 2000). In this study, S1P enhanced the expression
of Eomesodermine compared to control group of tro-
phoblast. This data suggests S1P can be involved in
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Fig. 6. S1IP made to maintain proliferative state of TS cells. 10 uM of PD 98059 was added at 30 min before 20 UM S1P treatment. S1P
suppressed differentiation of TS cells, and PD 98059 inhibited this action of S1P. Cells were observed with phase contrast
microscope ( x 200). A: medium alone, B: medium alone with S1P, C: medium alone with S1P and PD98059.

early stage process of trophoblast development by
upregulation of Eomesodermine expression.

VEGF signal transduction bifurcates both upstream
and downstream of Ras, with different Ras—dependent
signals as p38 signaling pathways controlling endo-
thelial cell proliferation and migration, essential com-
ponents of the angiogenic response (Peters et a. 2000,
Meadows et al. 2001). Actually, K/O mouse of p38
lose amost labyrinth layer and decreased spongiotro-
phoblast (John et a. 2000). In this study, S1P induced
increased phospholyation of p38in TS cells. This data
means that S1P plays a role in angiogenesis through
activation of p38.

DIx-3 is a homeodomain transcription factor. Tar-
geted deletion of the mouse DIx-3 gene results in
embryonic death between 9.5 day and 10 day because
of placental defects that alter the development of the
labyrinthine layer (Maria et a. 1999). Thus, DIx-3 is
essential for embryonic survival (Maria et al. 1999). In
this study, agree with previous study, S1P enhanced
expression of DIx-3 gene on TS cells. These data indi-
cate that S1P may be a very important molecule for
angiogenesis of placenta and circulatory connection
between mother and fetus.

Another role of S1P on TS cells was to maintain
proliferative state of TS cells through induction of
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increased Erk activity (Figs. 5, 6). This action of Erk
has not been known very well. This data indicate that
S1P play arole on suppression of differentiation of TS
cells.

This data means that S1P is very important on de-
velopment of labyrinthine trophoblast, the suppression
of differentiation of TS cells and angiogenesisin pla-
centa.
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