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Analysis of a Sphingosine 1-phosphate Receptor hS1P; in Rat

Hepatoma Cells
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To examine intracellular signaling of human S1P; (hS1P;), a sphingosine 1-phosphate (S1P) receptor
in plasma membrane, hS1P; DNA was transfected into RH7777 rat hepatoma cell line, and the inhibition
of forskolin-induced cAMP accumulation and activation of MAP kinases by S1P were tested. In hS1P;
transformants, S1P inhibited forskolin-induced activation of adenylyl cyclase activity by about 80% and
activated MAP kinases in dose-dependent and pertussis-toxin (PTX) sensitive manners. In oocytes
expressing hS1P; receptor, S1P evoked Cl™ conductance. These data suggested that PTX-sensitive G
proteins are involved in hS1Ps;-mediated signaling, especially the positive action of S1P in cell pro-
liferation. The potential advantages of rat hepatoma cells for the research of sphingosine 1-phosphate

receptor are discussed.
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INTRODUCTION

S1P is highly abundant in platelets and is released from
activated platelets (Yatomi, 2000), and has been shown to
be involved in a variety of cellular functions, including cell
growth, differentiation, and programmed cell death (Meyer
zu Heringdorf, 1997; Hla, 2001). S1P acts as a first messen-
ger through the G protein-coupled receptors, termed S1Py,
S1P;, S1P5, S1P4, and S1P;5 (Lee, 1998; Gonda, 1999; Oka-
moto, 1999; Im, 2000a; Van Brocklyn, 2000; Yamazaki,
2000) and also as a second messenger through hither-to-
unclear mechanisms in certain cell types (Spiegel, 1996).
G protein-couplings and intracellular signaling of each
plasma membrane receptors have been investigated by
using recombinant DNAs, especially S1P; (Lee, 1998; Oka-
moto, 1998; Zondag, 1998) and S1P. (Gonda, 1999; Van
Brocklyn, 1999). S1P; predominantly couples to G; and Ras-
Raf-MAP kinase pathways and also induces morphogenetic
differentiation in a C3 exoenzyme-sensitive manner (Lee,
1998; Okamoto, 1998). S1P, increases intracellular Ca®"
concentration via Gq-PLC pathway and activates MAP
kinases in a PTX-sensitive manner (An, 1999; Gonda,
1999). Furthermore, S1P; induces cell rounding and neurite
retraction via presumably Gisns (Van Brocklyn, 1999).

S1P-induced Ca*" efflux and SRE-driven transcription
have been shown in S1P; expressing oocytes and Jurkat
T cells (An, 1997). Studies with several mammalian cell
lines indicated that S1P; couples to PTX-insensitive G
proteins (Gqn1) and activated PLC/Ca”* system (An, 1999;
Okamoto, 1999; Sato, 1999). SRE-driven transcription re-
quires activation of both Gi-Ras-Raf-MAP kinase and Rho
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GTPase pathways (An, 1997). Thus, S1P; receptor must
couple to G; and induce cell shape change. In S1Ps-ex-
pressing HEK293 cells and PC12 cells, S1P-induced cell
rounding and neurite retraction have been demonstrated
(Okamoto, 1999; Van Brocklyn, 1999), however, PTX-sensi-
tive G protein-couplings and subsequent intracellular sig-
naling (e.g. inhibition of adenylyl cyclase and activation of
MAP kinase) of S1P; have poorly been investigated and
contradictory. Kon et al (1999) observed stimulation of
cAMP accumulation in CHO-S1P; cells. On the other hands
Okamoto et al (1999) reported that forskolin-induced in-
crease of cellular cAMP contents was inhibited by S1P in
CHO-S1P; cells. In this communication, S1P signaling
through PTX-sensitive G proteins was shown in S1Ps-
expressing rat hepatoma cells.

METHODS

Materials

Sphingosine 1-phosphate (S1P) was obtained from Biomol
(Plymouth, PA), and 1-oleoyl-lysophosphatidic acid (LPA)
was purchased from Avanti Pola Lipid (Alabaster, AL). [ -
#¥PJATP was obtained from ICN biochemicals (Costa Mesa,
CA), MAP kinases assay kit from Amersham (Piscataway,
NJ), and pcDNA-3 plasmid from In Vitrogen (Carlsbad,
CA). All other chemicals were from Sigma.

Stable transfection

RH7777 cell monolayers were transfected with the S1P;

ABBREVIATIONS: S1P, sphingosine 1-phosphate; LPA, lysophos-
phatidic acid; PTX, pertusssis toxin; SRE, serum response ele-
ment; PLC, phospholipase C; MAP kinases, mitogen-activated
protein kinases; HKRB, HEPES-Krebs-Ringer-bicarbonate.
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plasmid DNA using the calcium phosphate precipitate
method, and clonal populations expressing the neomycin
phosphotransferase gene were selected by the addition of
geneticin (G418) to the culture media. The RH7777 cells
were grown in monolayers at 37°C in a 5% CO04/95% air
atmosphere in growth media consisting of 90% MEM, 10%
fetal bovine serum, 2 mM glutamine and 1 mM sodium
pyruvate.

cAMP accumulations and MAP kinases assay

Cells were plated on 24-well dishes on sub-confluent
population. After 24 h, they were washed twice with
phosphate-buffered saline and incubated in HKRB for 10
min. Cells were then stimulated for 15 min with different
concentrations of S1P in the presence of 1 «M forskolin and
1 mM IBMX. The reaction was stopped by adding 1 N HCL
After centrifugation, cAMP in the supernatant was mea-
sured by an automated immunoassay (Gamma flow). For
MAP kinases assay, the cells plated in 35-mm dishes were
stimulated with S1P or LPA in HKRB for 5 min. After
changing the HKRB to ice-cold lysis buffer, the reaction was
terminated by rapidly immerging the dishes into liquid
nitrogen. After centrifugation, MAP kinases activity in the
supernatant of the lysate was measured by using Amer-
sham kit. PTX treatment of the cells was performed by
adding the toxin (100 ng/ml) to the culture medium 24 h
before the experiments.

Oocyte expression

Using the T7 RNA polymerase and the S1P; pcDNA3
DNA as a template, S1P; mRNA was transcribed in vitro
in the presence of a capping analog. This mRNA was
injected into de-folliculated stage V~VI Xenopus laevis
oocytes. After about 48 hours, responses to S1P applied
were recorded with individual oocytes held under two
electrodes voltage clamp. The preparation of the oocytes
and the conditions for the recordings were described
previously (Im, 2000b).

RESULTS

S1P and LPA have similar chemical structures and their
receptors form a sub-family of G protein-coupled receptors,
formerly called as Edg (Endothelial differentiation gene)
(Hla & Maciag, 1990). S1P;, S1Ps, S1Ps, S1P,, and S1P;
are S1P preferring receptors (Lynch & Im, 1999; Hla, 2001)
and LPA,, LPA,, and LPA; are LPA specific receptors
(Lynch & Im, 1999; Im, 2000b). Among them, the present
study focused on the role of S1P; signaling, especially
PTX-sensitive G protein-mediated. To examine intracel-
lular signaling of human S1P3;, hS1P; DNA was stably
transfected into RH7777 rat hepatoma cell line, which does
not have mRNAs of S1P;, S1P; and S1P; (Zhang, 1999),
and effect of S1P on adenyly cyclase activity was tested.
In non-transfected or vector-transfected RH7777 cells, 1 M
S1P inhibited forskolin-induced cAMP accumulation by
about 40%. In hS1P; transformants, S1P-induced adenylyl
cyclase inhibition was about 80%, which was greater than
that in vector-transformants. Potency of S1P action in
hS1P; transformants was increased. Fig. 1 shows dose-
response curve of S1P inhibition of cAMP accumulation.
EC50 for S1P in hS1P; transformants was about 5 nM, and
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Fig. 1. Effect of S1P on cAMP accumulation in hS1P; expressing
RH7777 cells. In the presence of 1 ;M forskolin and 1 mM IBMX,
cAMP accumulations for 15 min by different concentration of S1P
were measured. Dose response curves of S1P inhibition of cAMP
accumulation in hS1P; expressing (closed circles) and non-trans-
fected RH7777 cells (open circles).
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Fig. 2. S1P activation of MAP kinases in hS1P; transfected RH7777
cells. Detailed procedures are described in Experimental methods
section. Time courses of MAP kinase activity with 1M S1P in
hS1P; transfected (closed circles) or non-transfected (open circles)
RH7777 cells.

that in non-transfected RH7777 cells was about 100 nM.
Although endogenous response to S1P was observed in the
non-transfected RH7777 cells (Fig. 1, open circle), which
were reported to be null responsive to S1P and LPA (Zhang,
1999), the increased potency of S1P inhibition of cAMP
accumulation strongly suggested that the S1P; was an S1P
receptor, which was coupled to PTX-sensitive G proteins.

Next, MAP kinases activity was tested, an important step
for cell proliferation, to study whether S1Ps mediated the
stimulatory action of S1P in cell growth, as shown in
several types of cells (Olivera & Spiegel, 1993; Wu, 1995;
An, 2000; Pebay, 2001). As shown in Fig. 2, S1P activated
MAP kinases in hS1P; transformants about 2.5-fold from
5 min to 30 min, however, no activation in vector trans-
formants or non-transfected RH7777 cells. The activation
was PTX-sensitive (Fig. 3). Also, treatment with PTX (100
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ng/ml, 24 hr) completely abolished the S1P-induced inhi-
bition of adenylyl cyclase (data not shown), together with
the above suggesting that Gy, type G proteins were involved
in S1P; signaling. In mLPA; transformants, LPA inhibited
adenylyl cyclase activity in dose-dependent and PTX-sen-
sitive manners (data not shown), confirming the earlier
observations (An, 1998; Im, 2000b). ECso of S1P in MAP
kinases activation was 5 nM. This result strongly suggested
that S1P-induced MAP kinases activation and resulting cell
proliferation in some cell types could be triggered via S1Ps
receptor.

Gq-PLC system was tested by micro-injecting hS1P;
mRNA into Xenopus laevis oocytes. After 48 h of the
injection, S1P (1~10 zM) induced significant Cl~ current,
suggesting intracellular calcium mobilization through Gg-
PLC system, hoever, the C1™ current was not induced in
S1P; or S1P; mRNA-injected oocytes (up to 10 M) (Fig.
4). S1P activation of PLC and calcium mobilization through
S1P; has also been shown in several different cell systems
(An, 1997; An, 1999; Okamoto, 1999; Sato, 1999). Further-
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Fig. 3. Effect of PTX on S1P- or LPA-induced MAP kinase

activation in hS1P; transfected RH7777 cells. Treated with PTX
(100 ng/ml) for 24 hr before the experiments.
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more, calcium transients by S1P in S1P;- and S1Ps-ex-
pressing RH7777 cells was observed, but not in S1P;- or
S1Ps-expressing RH7777 cells (data not shown).

DISCUSSION

An et al (1997) showed SRE transcription in Jurkat T
cells, however, S1P/S1Ps-mediated actions through PTX-
sensitive G proteins were not fully addressed. In the pre-
sent study, Gy, protein-mediated signaling pathways of
S1P; were investigated, and inhibition of adenylyl cyclase
and activation of MAP kinases by S1P were shown in
recombinant hS1P; expressing RH7777 cells. As implicated
in S1Ps-mediated SRE transcription, which requires both
MAP kinases and Rho GTPase activations (An, 1997),
hS1P; coupled to PTX-sensitive G proteins by S1P. The
activated G proteins inhibited adenylyl cyclase activity
(Fig. 1) and activated MAP kinases (Fig. 2).

Considering these results together with the observations
of cell shape changes by S1P/S1P; (Van Brocklyn, 1999),
S1P; receptor was most likely coupled to multiple type G
proteins, i.e. Gy11, Gin, and Gizns and induced a variety of
signaling and cell responses, i.e. inhibition of cyclase, Ca®"
mobilization, MAP kinases activation, cell shape changes,
cell proliferation and so on (Kon, 1999). In the past, three
groups of investigators described the inhibition of adenylyl
cyclase through S1Ps. An et al (1999) reported an obser-
vation of S1P inhibition of cyclase in HTC4 hepatoma cell
line expressing S1P3, however, no data presented. Okamoto
et al (1999) reported S1P inhibition of cAMP accumulation
in CHO-S1P;s cells. However, Okajima and his collegues
could not obtain any evidence of G; coupling in CHO-S1P;
cells, although they observed positive coupling of S1P;s to
Gq-PLC system and S1P calcium mobilization in these cells
(Kon, 1999; Sato, 1999). On the contrary, they observed a
stimulatory coupling of S1Ps to adenylyl cyclase in CHO-
S1P; cells (Kon, 1999). In hS1P3-RH7777 cells, the coupling
of S1P; to Gy, proteins was observed, in support of the
previous observations. The reason of why a group observed
stimulatory effect of S1Ps receptor on cAMP accumulation
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Fig. 4. Responses of oocytes injected with S1P1, S1P;, and $1P; mRNAs to S1P. Individual frog oocytes
were held under two electrode voltage clamp and challenged with 10 «M S1P.
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is not clear. It might be due to difference of transformed
cells or to differential modulation of S1P; signaling in
different cells. This difference might suggest diverse phy-
siological roles of S1P; receptor, depending on the types of
cells. Recently, couplings of S1P;3 to Gie, Gq, and Gis type
G proteins, but not to Gs, were shown in broken Sf9 insect
cell assay system (Windh, 1999), in support of the present
observation made in intact mammalian cells.

Usually, HEK293 and CHO cells have popularly been
used for the transfection of G protein-coupled receptor
DNAs. However, in the case of lysophospholipids receptors,
i.e. S1P receptors and LPA receptors, rat hepatoma cell line
RH7777 has been useful for several reasons. First, it is
devoid of at least 6 members out of 8 lysophospholipid
receptors (Zhang, 1999). Second, strong coupling to G; pro-
teins was observed and quite well reproduced (Im, 2000a).
Third, intracellular calcium mobilization with S1P and LPA
was also measurable, although a large number of cells are
required (Im, 2000b).
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