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Sphingosine-1-phosphate is a ligand for the G protein-coupled receptor EDG-6
James R. Van Brocklyn, Markus H. Gräler, Günter Bernhardt, John P. Hobson, Martin Lipp, and Sarah Spiegel

EDG-6 is a recently cloned member of the
endothelial differentiation gene (EDG) G
protein-coupled receptor family that is
expressed in lymphoid and hematopoi-
etic tissue and in the lung. Homology of
EDG-6 to the known sphingosine-1-
phosphate (SPP) receptors EDG-1, EDG-3,
and EDG-5 and lysophosphatidic acid
(LPA) receptors EDG-2 and EDG-4 sug-
gested that its ligand may be a lysophos-
pholipid or lysosphingolipid. We exam-
ined the binding of [ 32P]SPP to HEK293

cells, transiently transfected with cDNA
encoding EDG-6. Binding of [ 32P]SPP was
saturable, demonstrating high affinity
(KD 5 63 nmol/L). Binding was also spe-
cific for SPP, as only unlabeled SPP and
sphinganine-1-phosphate, which lacks the
trans double bond at the 4 position,
potently displaced radiolabeled SPP. LPA
did not compete for binding of SPP at any
concentration tested, whereas sphingo-
sylphosphorylcholine competed for bind-
ing to EDG-6, but only at very high

concentrations. In addition, SPP acti-
vated extracellular signal-regulated ki-
nase (Erk) in EDG-6 transfected cells in a
pertussis toxin-sensitive manner. These
results indicate that EDG-6 is a high
affinity receptor for SPP, which couples to
a Gi/o protein, resulting in the activation of
growth-related signaling pathways. (Blood.
2000;95:2624-2629)
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Introduction

Sphingosine-1-phosphate (SPP) is a metabolite of complex sphin-
golipids that acts as both a second messenger and as a high-affinity
ligand for cell surface receptors.1 SPP is produced by sphingosine
kinase that is activated in response to a variety of signals, including
mitogens such as platelet-derived growth factor (PDGF) and
serum,2 G protein–coupled receptor agonists such as carbachol,3

the cytokine TNF-a,4 and ligation of Fc receptors.5 Intracellular-
formed SPP mediates release of Ca11 from intracellular stores,3,5,6

stimulates several mitogenic and antiapoptotic signaling path-
ways,7,8 and also contributes to the mitogenic response of fibro-
blasts to PDGF.2,9 In further support of an intracellular mode of
action for SPP, microinjection of SPP mobilizes calcium from
internal sources,3 is mitogenic for Swiss 3T3 fibroblasts,9 and
inhibits apoptosis of mouse oocytes induced by the antitumor drug
doxorubicin.10 Furthermore, overexpression of sphingosine kinase
increases intracellular SPP and promotes cell growth and survival.11

However, because several responses to SPP are at least partially
inhibited by pertussis toxin (PTX), which adenosine diphosphate
(ADP) ribosylates and specifically inactivates Gi/o proteins, and
some require very low concentrations of SPP, it has been suggested
that G protein–coupled cell surface receptors (GPCRs) might also
be involved (reviewed in Speigel et al12). In agreement, a family of
GPCRs, known as the endothelial differentiation gene (EDG)
receptors, which specifically bind SPP or the related lipid, lysophos-
phatidic acid (LPA), has recently been identified.13-18 The EDG
family can be divided into 2 subfamilies based on amino acid
sequence homology. The subfamily consisting of EDG-1, EDG-3,
and EDG-5 display 40% to 45% sequence identity to each other

and only 30% to 35% identity to the members of the other
subfamily EDG-2 and EDG-4 (Figure 1). EDG-1, EDG-3, and
EDG-5 have been shown to be SPP receptors,13-16whereas EDG-2,
EDG-4, and EDG-7 are LPA receptors.17-19

Recently, a new member of the EDG family was cloned and
named EDG-6.20 EDG-6 is expressed in lymphoid and hematopoi-
etic tissue as well as the lung.20 Interestingly, EDG-6 does not
clearly belong to either the SPP or the LPA subfamily of EDG
receptors, as it displays a similar degree of homology to all 5 of the
previously identified members. Thus, it was unclear whether
EDG-6 is likely to be a receptor for SPP, LPA, or another related
lysophospholipid. In this paper, we show that SPP binds specifi-
cally to EDG-6 and activates the mitogen-activated protein kinase
(MAPK) signal transduction pathway.

Materials and methods

Materials

SPP, sphinganine-1-phosphate (dihydro-SPP), and sphingosylphosphoryl-
choline (SPC) were purchased from Biomol Research Laboratory Inc
(Plymouth Meeting, PA). Lysophosphatidic acid was purchased from
Avanti Polar Lipids (Birmingham, AL).g-[32P]ATP (3000 Ci/mmol) was
purchased from Amersham (Arlington Heights, IL). Pertussis toxin (PTX)
was from Research Biochemicals International (Natick, MA). Serum and
medium were obtained from Biofluids (Rockville, MD). PathDetect Elk
trans-Reporting System was from Stratagene (La Jolla, CA).
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Cell culture and transfection

Human embryonic kidney cells (HEK293, ATCC CRL-1573) and Chinese
hamster ovary cells (CHO-K1) were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% fetal bovine serum. EDG-6
expression plasmids (RC/CMV containing c-terminal c-myc-tagged or
N-terminal hemaglutinin [HA]-tagged EDG-6) were transfected into
HEK293 or CHO-K1 cells using Lipofectamine Plus (Life Technologies,
Gaithersburg, MD) according to the manufacturer’s instructions. The cells
were then grown for 2 days to allow expression of receptors before the
experiments were performed. In some experiments, cells were cotrans-
fected with pCEFL GFP, which encodes green fluorescent protein. Transfec-
tion efficiencies were typically 30% to 35%. CHO-K1 cells stably
transfected with c-myc-tagged human EDG-6 were grown in DMEM
containing 10% fetal bovine serum and 0.4 g/L G418 sulfate (Biofluids).

Fluorescence-activated cell sorter (FACS) analysis

The human EDG-6 receptor was N-terminal tagged with an HA-epitope
(peptide sequence: MGYPYDVPDYAGGP) and C-terminal tagged with a
c-myc-epitope. Construction, expression, and flow cytometry analysis were
performed as described.21 The N-terminal HA-epitope tag was detected
with a fluorescein isothiocyanate (FITC)-labeled anti-HA antibody.

SPP binding assay

[32P]SPP was synthesized enzymatically using recombinant sphingosine
kinase as previously described.22 Transfected cells were incubated with
the indicated concentration of [32P]SPP in 200 µL binding buffer (20
mmol/L Tris-HCl, pH 7.4, 100 mmol/L NaCl, 15 mmol/L NaF, 2 mmol/L

deoxypyridoxine, 0.2 mmol/L phenyl-methyl-sulfonyl-fluoride [PMSF],
1 µg/mL aprotinin and leupeptin) for 30 minutes at 4°C. Unlabeled lipid
competitors were added as 4 mg/mL fatty acid–free bovine serum albumin
(BSA) complexes. Cells were washed twice with ice cold binding buffer
containing 0.4 mg/mL fatty acid–free BSA, resuspended in phosphate-
buffered saline (PBS), and bound [32P]SPP was quantitated by scintilla-
tion counting.14

Extracellular signal-regulated kinase activation

Cells were seeded in 60-mm plates and transfected the following day with
EDG-6 expression plasmid and HA-tagged extracellular signal-regulated
kinase (Erk)2 (at a 2:1 ratio of HA-Erk2 to EDG-6) with Lipofectamine
Plus. After 2 days, cells were treated as indicated and lysed by the addition
of 0.5 mL lysis buffer containing 25 mmol/L 4(-2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES) pH 7.4, 0.3 mol/L NaCl, 1.5
mmol/L MgCl2, 1% Triton X-100, 0.5% sodium deoxycholate, 0.1%
sodium dodecylsulfate (SDS), 0.5 mmol/L dithiothreitol (DTT), 20 mmol/L
b-glycerophosphate, 0.2 mmol/L ethylenediaminetetraacetic acid (EDTA),
1 mmol/L Na3VO4, 1 mmol/L PMSF, and 10 µg/mL leupeptin for 10
minutes on ice. Lysates were centrifuged 15 minutes at 4°C. Anti-HA (2 µg)
(Santa Cruz Biotechnology) was then added to lysates (800 µg protein) and
incubated 2 hours at 4°C with rocking. Protein A/G Sepharose beads (Santa
Cruz Biotechnology) (20 µL) were added and the incubation continued for
an additional hour. The beads were pelleted and washed 3 times in lysis
buffer and twice in kinase buffer (12.5 mmol/L HEPES pH 7.4, 10 mmol/L
MgCl2, 0.5 mmol/L DTT, 12.5 mmol/Lb-glycerophosphate, 0.5 mmol/L
NaF, 0.5 mmol/L Na3VO4). The kinase assay was initiated by resuspending
the beads in 50 µL of kinase buffer containing 50 µmol/L adenosine
triphosphate (ATP), 0.5 mg/mL myelin basic protein (MBP), and 5 000
dpm/pmolg-[32P]ATP, and incubating 20 minutes at 30°C. The reaction
was stopped by the addition of 12 µL of 63-concentrated Laemmli sample
buffer and the samples were boiled 5 minutes, separated on 12% SDS-
polyacrylamide gel electrophoresis (SDS-PAGE), and transferred to nitro-
cellulose. Nitrocellulose membranes were stained with Ponceau S (Sigma)
to visualize protein bands and then exposed to film for autoradiography.
Radioactivity was measured in a scintillation counter after cutting the
radioactive bands. In some experiments, for the determination of Erk 1/2
phosphorylation, 15 µg of clarified whole cell lysate were resolved by 10%
SDS-PAGE, and Erk 1/2 phosphorylation was detected by protein immuno-
blotting with rabbit polyclonal phospho-specific MAPK IgG (1:1 000,
Promega), followed by horseradish peroxidase (HRP)-conjugated goat
antirabbit IgG (1:10 000; Amersham Pharmacia Biotech) as a secondary
antibody. Erk 1/2 phosphorylation was detected by ECL (Amersham
Pharmacia Biotech). Nitrocellulose membranes were stripped and reprobed
using rabbit polyclonal anti-Erk2 IgG (Santa Cruz Biotechnology) to
confirm equal loading.

Elk1-dependent transcription of a luciferase reporter

For the detection of Elk1-dependent transcription, the PathDetect in vivo
signal transduction pathway reporting system (Stratagene) and the Dual-
Luciferase reporter assay system (Promega) were used. CHO-K1 cells were
seeded in 6-well plates and cotransfected the following day with 50 ng of
the fusion activator plasmid pFA-Elk (Stratagene), 500 ng of the firefly
luciferase reporter vector pFR-Luc (Stratagene), 100 ng of theRenilla
luciferase control reporter vector (Promega), and 50 ng of 1 of the plasmids,
pcDNA3.1(1) or pcDNA3.1(1) containing the human EDG-6 receptor or
the human EDG-1 receptor. After 30 to 40 hours, cells were washed with
PBS and serum-free medium was added. Two to 3 hours later, the cells were
stimulated with SPP and incubated for an additional 5 to 6 hours. The
medium was removed and the cells were incubated in 300 µL passive lysis
buffer (Promega) for 30 minutes at room temperature. Luminescence of 20
µL aliquots was measured with the Berthold Luminat LB 9507 for 10
seconds after injection of 50 µL each of luciferase assay buffer II and Stop
& Glo buffer (Promega).

Figure 1. Phylogenetic tree of the human lysophospholipid-binding receptors,
together with the next closest group of human cannabinoid receptors. GPR45
is the mammalian orthologue of the Xenopus laevis LPA receptor PSP24.37 The
numbers indicate the percentage of divergence. EDG-6 is more closely related to the
SPP-binding receptors EDG-1, EDG-3, and EDG-5 than to the LPA-binding receptors
EDG-2 and EDG-4.
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Results

Overexpression of EDG-6 in HEK293 cells

Figure 1 shows a phylogenetic tree depicting the relationship of
EDG-6 to other EDG family members, as well as the next most
closely related group of receptors, the cannabinoid receptors. The
LPA-receptors EDG-2 and EDG-4, as well as the SPP-receptors
EDG-1, EDG-3, and EDG-5, are clearly distinct from each other
and form their own subgroups. Within these 2 EDG-subgroups,
EDG-6 has a slightly higher homology to the first and the seventh
transmembrane domains of the SPP subgroup than to the LPA
subgroup. EDG-6 has a 44% overall identity to EDG-1, 46% to
EDG-3, and 42% to EDG-5, and less homology to the LPA
subgroup, 39% to EDG-4 and 37% to EDG-2.20 These homologies
suggest that EDG-6 could be an SPP receptor. To examine this
possibility, we transfected HEK293 cells, which do not express
EDG-6, as determined by RT-PCR (data not shown), and have no
detectable binding sites for SPP,9,14 with C-terminal c-mycepitope
tagged or N-terminal HA-tagged human EDG-6 cDNA. Expression
of EDG-6 protein on the cell surface was examined by flow
cytometric analysis with anti–c-mycor anti-HA antibodies. FACS
analysis showed that intact HEK293 cells transfected with EDG-6-
mycwere indistinguishable from untransfected cells (Figure 2A).
However, when EDG-6-myc–transfected HEK293 cells were per-
meabilized, a distinct shift in the fluorescence was detected,
indicating that permeabilization allowed access of the c-myc
antibody to the C-terminus that is located at the cytoplasmic tail of
EDG-6 (Figure 2B). HEK293 cells transfected with N-terminal
HA-tagged EDG-6 showed a shifted fluorescence without perme-
abilization (Figure 2C), indicating cell surface expression of
HA-tagged EDG-6, as the N-termini of G protein–coupled recep-
tors are located extracellularly. Interestingly, this peak was also
slightly enhanced by cell permeabilization (Figure 2D), suggesting
that some HA-tagged EDG-6 may be expressed intracellularly.

Binding of SPP to EDG-6

Having established that human EDG-6 is expressed on the surface
of transiently transfected HEK293 cells, it was of interest to
determine whether SPP binds to EDG-6. In agreement with
previous reports,9,13,14 no specific SPP binding was detected in
HEK293 cells transfected with the vector alone, whereas HEK293
cells transfected with c-myc–tagged human EDG-6 (HEK293–
EDG-6) displayed dramatically increased binding of [32P]SPP,
which was competed by 1000-fold molar excess of either unlabeled
SPP or dihydro-SPP to a level similar to that seen in untransfected
cells (Figure 3). Neither SPC nor LPA effectively competed with
[32P]SPP for binding to HEK293–EDG-6 cells at 1000-fold excess
(1 µmol/L). A computer curve fitting of binding isotherms indicated
that SPP binding to EDG-6 was saturable and displayed moderately
high affinity (KD 5 63 nmol/L) (Figure 4).

Because many studies indicate that SPC and LPA can also bind
to SPP receptors, we examined whether SPC or LPA might bind to
EDG-6 with very low affinity. Competition binding experiments
were performed using up to 10 µmol/L unlabeled lipids. As
expected, SPP competed for [32P]SPP binding very effectively, with
50% of the total binding competing at 46 nmol/L unlabeled SPP
(Figure 5), close to the measured KD. Dihydro-SPP was less
effective than SPP, competing 50% of the total binding at 210
nmol/L. SPC was able to compete for binding of [32P]SPP, but
only at very high concentrations in the micromolar range (Figure
5B). In contrast, the related lysophospholipid LPA did not com-

pete for [32P]SPP binding to HEK293–EDG-6 cells at any concen-
tration tested.

Binding of SPP to EDG-6 activates Erk

The MAPK Erk is activated by a wide variety of G protein–coupled
receptors,23 including the known SPP receptors, EDG-1,13,15

EDG-3,24 and EDG-5.25 To determine whether EDG-6 also acti-
vates Erk, HEK293 cells were cotransfected with EDG-6 and
HA-tagged Erk2. SPP, markedly enhanced myelin basic protein
phosphorylation in anti–HA-Erk2 immunoprecipitates from EDG-6
transfected HEK293 cells. However, Erk2 was also stimulated by
SPP in vector-transfected cells, albeit to a lesser degree (data not

Figure 2. Expression of the N-terminal HA-tagged and the C-terminal myc -
epitope–tagged human EDG-6 receptor . (A, C) Intact and (B, D) permeabilized
HEK293 cells transfected with C-terminal myc-epitope–tagged human EDG-6 (A, B)
or with N-terminal HA-tagged human EDG-6 (C, D). FACS analysis was performed as
described in ‘‘Materials and methods.’’ Grey areas indicate the signal without the first
antibody (A, B) or autofluorescence of unstained cells (C, D), respectively.

Figure 3. SPP binds specifically to HEK293 cells expressing EDG-6. HEK293
cells were transiently transfected with an expression plasmid containing the EDG-6
open reading frame (solid bars) or with vector alone (white bars); and binding of 0.5
nmol/L [32P]SPP was measured in the absence (total) or presence of a 1000-fold
excess of the indicated lipids as competitors as described in ‘‘Materials and
methods.’’ Results are means 6 SD of triplicate determinations. Similar results were
obtained in at least 3 independent experiments.
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shown). To circumvent the activation of Erk by SPP in untrans-
fected HEK293 cells, which could be due to the presence of EDG-3
and EDG-5,2,9,13,26we used CHO-K1 cells, which only express low
levels of EDG-524 and do not show Erk activation by SPP.24,25

Moreover, CHO cells have previously been used successfully to
examine Erk activation by the binding of SPP to cells overexpress-
ing EDG-1, EDG-3, or EDG-5.24,25,27 Expression of EDG-6 in

CHO-K1 cells in the absence of SPP did not stimulate Erk, whereas
SPP markedly activated HA-Erk2 in these cells, and as expected,
SPP had only a slight effect on Erk2 activity in vector-transfected
CHO-K1 cells (Figure 6A). Pretreatment with PTX completely
eliminated SPP-stimulated Erk2 activity (Figure 6A). Moreover, in
CHO-K1 cells stably expressing EDG-6, 100 nmol/L SPP activated
endogenous Erk, as indicated by enhanced Erk phosphorylation
(Figure 6C). SPP-stimulated Erk phosphorylation was completely
PTX-sensitive. To examine whether Erk activation resulted in
increased transcription, we used CHO-K1 cells and the PathDetect
Elk trans-Reporting System, which detects Elk1-dependent tran-
scription of a luciferase reporter. An advantage of this system is that
the GAL4 DNA binding domain is a yeast transcriptional activator
that is not recognized by mammalian transcription factors and thus
yields very low backgrounds. Indeed, SPP did not enhance
luciferase reporter activity in CHO cells transfected with empty
pcDNA3.1 vector (Figure 6D), in agreement with the low endog-
enous expression of SPP EDG receptors in these cells. In contrast,
SPP significantly increased luciferase activity after transfection
with human EDG-1 or human EDG-6. Thus, similar to EDG-1,13,15

EDG-6 also mediates SPP-induced MAPK activation, leading to
phosphorylation and activation of Elk1.

Discussion

EDG-6 displays high homology (37%-46% amino acid identity) to
the previously identified members of the EDG family of G

Figure 4. SPP binds to EDG-6 with high affinity . HEK293 cells were transfected
with EDG-6 and specific binding of [32P]SPP at the indicated concentrations was
determined. ‘‘Specific binding’’ is binding in the absence of unlabeled SPP minus
binding in the presence of excess unlabeled SPP. Results are means 6 SD of
triplicate determinations. The binding curve and the KD (63 nmol/L) were calculated
using Deltagraph for Macintosh.

Figure 5. Specificity of lipid binding to EDG-6 . HEK293 cells were transfected with
EDG-6 and binding of 0.5 nmol/L [32P]SPP was determined in the presence of the
indicated concentrations of unlabeled lipid competitors. Results are means 6 SD of
triplicate determinations. Competition curves were fit and Kis calculated using
Deltagraph program for Macintosh. Below, shown are the Ki values and correlation
coefficients (r 2) of the curve fits for SPP, dihydro-SPP, and SPC. LPA did not compete
at any concentration tested.

Figure 6. Activation of Erk by binding of SPP to EDG-6. (A) CHO-K1 cells were
transiently cotransfected with an HA-tagged Erk2 and EDG-6 or an empty vector.
Cells were treated without or with 200 ng/mL PTX for 3 hours, then stimulated with
vehicle or 100 nmol/L SPP for 5 minutes. HA-Erk2 was immunoprecipitated from
whole cell lysates and assayed for kinase activity using MBP as a substrate as
described in ‘‘Materials and methods.’’ Results are typical of 2 independent experi-
ments. (B) 32P incorporation into MBP was determined by scintillation counting. Data
are expressed as picomole per minute per milligram and are the means of 2 separate
experiments. White bars indicate the absence of PTX; solid bars, the presence of
PTX. (C) CHO-K1 cells stably transfected with EDG-6 were treated without or with
PTX for 3 hours, then stimulated with vehicle or 100 nmol/L SPP for 5 minutes, and
Erk activation was determined by Western blot analysis with phospho-specific
anti-Erk antibody. Blots were then stripped and reprobed with Erk antibody to
determine total Erk levels. (D) Binding of SPP to EDG-6 stimulates Elk-1. CHO-K1
cells were cotransfected with the reporter plasmid pFR-Luc and the pcDNA vector
alone or with either EDG-6 or EDG-1 inserts. Cells were treated without (white bars)
or with 1 µmol/L SPP (solid and hatched bars) in the absence (solid bars) or presence
of PTX (hatched bars) for 5 to 6 hours, and luciferase activity was measured as
described in ‘‘Materials and methods.’’ Data are means 6 SEM.
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protein–coupled receptors. Although by homology it cannot be
clearly grouped with either the EDG-1, EDG-3, and EDG-5
subfamily, which bind SPP, or the EDG-2 and EDG-4 subfamily,
which bind LPA, evidence presented here indicates that EDG-6 is
an SPP receptor. SPP binds specifically to EDG-6 expressed on
HEK293 cells, although with a lower affinity (63 nmol/L) than to
EDG-1 (8 nmol/L),13 EDG-3 (23 nmol/L), or EDG-5 (27 nmol/
L).14 Thus, residues conserved among EDG-1, EDG-3, and EDG-5
but not in EDG-6 may contribute to the increased affinity of SPP
binding. Nevertheless, the affinity of EDG-6 for SPP is high
enough to indicate that SPP could be a physiologically relevant
ligand for EDG-6, as the concentration of SPP in plasma and serum
is about 200 nmol/L and 500 nmol/L, respectively.28

Dihydro-SPP, which binds to EDG-1, EDG-3, and EDG-5 as
potently as SPP, also binds to EDG-6, although with approximately
a 5-fold lower affinity than SPP. Interestingly, SPC binds to EDG-6
with a 100-fold lower affinity than SPP (4.6 µmol/L). Similarly,
SPC was recently shown to mobilize Ca11 in Xenopus oocytes
expressing EDG-1, EDG-3, or EDG-5 at low micromolar concen-
trations, whereas SPP was active at nanomolar concentrations.29

Moreover, SPC induced increased [Ca11]i in HEL cells expressing
EDG-127 or EDG-3,24 and in K562 cells expressing EDG-5,25 in
each case with approximately a 100-fold lower efficacy than SPP.
Thus, SPC may be a low affinity agonist for all 4 of the currently
identified EDG SPP receptors. However, it is also possible that
these effects were not mediated by SPC itself, as it was recently
found that commercial preparations of SPC are contaminated with
highly potent alkenyl-glycero-3-phosphates.30 In contrast, SPC
activated IK(Ach) in guinea pig atrial myocytes with EC50s of 1.5
nmol/L.31 Moreover, SPC activates signaling pathways different
from those stimulated by SPP.32,33 Thus, another sphingolipid
receptor may exist that has a high affinity for SPC.

Binding of SPP to EDG-6 activates Erk, leading to the
activation of the transcription factor Elk1. Activation of the MAPK
Erk2 by EDG-6 in CHO-K1 cells was sensitive to PTX, suggesting
that this response is mediated through a Gi/o protein. Similarly,
EDG-1, EDG-3, and EDG-5 have all been shown to link to
PTX-sensitive G proteins to mediate MAPK activation.13,24,25

However, all 3 previously described EDG SPP receptors have also
been shown to have PTX-insensitive effects as well, suggesting that
EDG receptors can couple to multiple G proteins.

EDG-6 is expressed mainly in lymphocytes that would there-
fore be constantly exposed to high concentrations of SPP in serum.
Thus, SPP signaling through EDG-6 may be maintained at a
constant moderate level. The increase in release of SPP seen when
platelets are activated may further enhance EDG-6 signaling.
However, it is possible that EDG-6 signaling may be down-
regulated by constant exposure to SPP because it has previously
been shown that ligand binding to GPCRs induces internalization
of receptors34 and SPP induces rapid trafficking of EDG-1.13,26 It
remains to be determined whether regulation of surface expression
of EDG-6 is an important mechanism in determining how subsets
of resting or activated lymphocytes respond to different SPP levels
in the periphery or in tissue.

Although the biologic significance of SPP signaling through
EDG-6 in lymphocytes and dendritic cells is poorly understood, the
well-characterized growth-related or cytoskeleton-associated activi-
ties of SPP suggest that EDG-6 could be involved in various
immunologic responses. Recently, it was shown that SPP protects
human T-lymphoblastoma cells, which express EDG-3 and EDG-5,
from apoptosis induced by Fas or ceramide.35 Moreover, invasion
of T-lymphoma cells into a fibroblast monolayer is dependent on
SPP receptor-mediated RhoA and phospholipase C signaling
pathways that lead to pseudopod formation and enhanced infiltra-
tion.36 Thus, members of the EDG family may synergize with
signaling pathways initiated by cytokines. Lysosphingophospho-
lipids may play a critical role as potent autocrine and paracrine
mediators in specific microenvironmental settings of normal and
pathophysiologic immune responses.
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