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Sphingosine-1-phosphate is a ligand for the G protein-coupled receptor EDG-6

James R. Van Brocklyn, Markus H. Gréler, Gunter 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-

cells, transiently transfected with cDNA

encoding EDG-6. Binding of [ 32P]SPP was

saturable, demonstrating high affinity
(Kp = 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-

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 Gy, protein, resulting in the activation of
growth-related signaling pathways.  (Blood.
2000;95:2624-2629)

ined the binding of [ 32P]SPP to HEK293 ing to EDG-6, but only at very high © 2000 by The American Society of Hematology

Introduction

Sphingosine-1-phosphate (SPP) is a metabolite of complex sphamd only 30% to 35% identity to the members of the other
golipids that acts as both a second messenger and as a high-affigitigfamily EDG-2 and EDG-4 (Figure 1). EDG-1, EDG-3, and
ligand for cell surface receptotsSPP is produced by sphingosineEDG-5 have been shown to be SPP recepifotéwhereas EDG-2,
kinase that is activated in response to a variety of signals, includig®G-4, and EDG-7 are LPA receptdrst?

mitogens such as platelet-derived growth factor (PDGF) and Recently, a new member of the EDG family was cloned and
serum? G protein—coupled receptor agonists such as carbdchg|gmed EDG-6° EDG-6 is expressed in lymphoid and hematopoi-
the cytokine TNFe,* and ligation of Fc receptofsintracellular- etic tissue as well as the ludg.Interestingly, EDG-6 does not

formed SPP mediates release of"€drom intracellular store$>:¢ clearly belong to either the SPP or the LPA subfamily of EDG
stimulates several mlt_ogenlc and an_tlapop_tonc signaling patna'ceptors, as it displays a similar degree of homology to all 5 of the
ways/8 and also contributes to the mitogenic response of fibro-

blasts to PDGE? In further support of an intracellular mode Ofprewoutc,ly. identified members. Thus, it was unclear whether

: Co o : EDG-6 is likely to be a receptor for SPP, LPA, or another related
action for SPP, microinjection of SPP mobilizes calcium fror? h holinid. In thi h hat SPP bind ii
internal source$,is mitogenic for Swiss 3T3 fibroblastsand ysophospholipid. In this paper, we show that inds specll-

inhibits apoptosis of mouse oocytes induced by the antitumor dt;ﬁg"y to EDG-6 and activates the mitogen-activated protein kinase

doxorubicinl® Furthermore, overexpression of sphingosine kinad¥APK) signal transduction pathway.

increases intracellular SPP and promotes cell growth and suf¥ival.
However, because several responses to SPP are at least partially

inhibited by pertussis toxin (PTX), which adenosine diphosphatdaterials and methods

(ADP) ribosylates and specifically inactivateg,@roteins, and

some require very low concentrations of SPP, it has been suggedtisgerials

thaj[ G proteln—gouplec_i cell s.urface receptors (GPCRs) m!ght a@QP, sphinganine-1-phosphate (dihydro-SPP), and sphingosylphosphoryl-
be involved (reviewed in Speigel et3l In agreement, a family of .qine (SPC) were purchased from Biomol Research Laboratory Inc
GPCRs, known as the endothelial differentiation gene (EDGpymouth Meeting, PA). Lysophosphatidic acid was purchased from
receptors, which specifically bind SPP or the related lipid, lysophogganti Polar Lipids (Birmingham, AL)y-[*2PJATP (3000 Ci/mmol) was
phatidic acid (LPA), has recently been identifi€d® The EDG purchased from Amersham (Arlington Heights, IL). Pertussis toxin (PTX)
family can be divided into 2 subfamilies based on amino aciglas from Research Biochemicals International (Natick, MA). Serum and
sequence homology. The subfamily consisting of EDG-1, EDG-Bhedium were obtained from Biofluids (Rockville, MD). PathDetect Elk
and EDG-5 display 40% to 45% sequence identity to each othesns-Reporting System was from Stratagene (La Jolla, CA).
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295 deoxypyridoxine, 0.2 mmol/L phenyl-methyl-sulfonyl-fluoride [PMSF],

CB1A 1 ug/mL aprotinin and leupeptin) for 30 minutes at 4°C. Unlabeled lipid

8.1 competitors were added as 4 mg/mL fatty acid—free bovine serum albumin
(BSA) complexes. Cells were washed twice with ice cold binding buffer

30.7 CB2 containing 0.4 mg/mL fatty acid—free BSA, resuspended in phosphate-
buffered saline (PBS), and boun#f?]SPP was quantitated by scintilla-
tion counting®*

445

G P R45 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
EDGZ 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
239 of 0.5 mL lysis buffer containing 25 mmol/L 4(-2-hydroxyethyl)-1-

' EDG4 piperazineethanesulfonic acid (HEPES) pH 7.4, 0.3 mol/lL NaCl, 1.5
mmol/L MgCl,, 1% Triton X-100, 0.5% sodium deoxycholate, 0.1%
sodium dodecylsulfate (SDS), 0.5 mmol/L dithiothreitol (DTT), 20 mmol/L

234 B-glycerophosphate, 0.2 mmol/L ethylenediaminetetraacetic acid (EDTA),
EDG1 1 mmol/L NgVO, 1 mmol/L PMSF, and 10 pg/mL leupeptin for 10
minutes on ice. Lysates were centrifuged 15 minutes at 4°C. Anti-HA (2 pg)
35 (Santa Cruz Biotechnology) was then added to lysates (800 pg protein) and
23.8 EDG3 incubated 2 hours at 4°C with rocking. Protein A/G Sepharose beads (Santa
Cruz Biotechnology) (20 pL) 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
27.3 EDG5 MgCl,, 0.5 mmol/L DTT, 12.5 mmol/LB-glycerophosphate, 0.5 mmol/L
NaF, 0.5 mmol/L NgvO,). The kinase assay was initiated by resuspending
the beads in 50 pL of kinase buffer containing 50 pmol/L adenosine
329 EDG6 triphosphate (ATP), 0.5 mg/mL myelin basic protein (MBP), and 5 000
dpm/pmoly-[32P]ATP, and incubating 20 minutes at 30°C. The reaction
Figure 1. Phylogenetic tree of the human lysophospholipid-binding receptors, was stopped by the addition of 12 uL of&concentrated Laemmli sample
_together with th_e next closest group of human cannapinoid receptors. GPR45 buffer and the samples were boiled 5 minutes, separated on 12% SDS-
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 polyacrylamide gel electrophoresis (SDS-PAGE), and transferred to nitro-
SPP-binding receptors EDG-1, EDG-3, and EDG-5 than to the LPA-binding receptors ~ Cellulose. Nitrocellulose membranes were stained with Ponceau S (Sigma)
EDG-2 and EDG-4. 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 pg of clarified whole cell lysate were resolved by 10%
Human embryonic kidney cells (HEK293, ATCC CRL-1573) and Chines8DS-PAGE, and Erk 1/2 phosphorylation was detected by protein immuno-
hamster ovary cells (CHO-K1) were cultured in Dulbecco’s modifielotting with rabbit polyclonal phospho-specific MAPK IgG (1:1 000,
Eagle’s medium (DMEM) containing 10% fetal bovine serum. EDG-romega), followed by horseradish peroxidase (HRP)-conjugated goat
expression plasmids (RC/CMV containing c-terminamgetagged or  antirabbit IgG (1:10 000; Amersham Pharmacia Biotech) as a secondary
N-terminal hemaglutinin [HA]-tagged EDG-6) were transfected intgntipody. Erk 1/2 phosphorylation was detected by ECL (Amersham
HEK293 or CHO-K1 cells using Lipofectamine Plus (Life Technologiespharmacia Biotech). Nitrocellulose membranes were stripped and reprobed

Gaithersburg, MD) according to the manufacturer’s instructions. The cellging rabbit polyclonal anti-Erk2 IgG (Santa Cruz Biotechnology) to
were then grown for 2 days to allow expression of receptors before thgnfirm equal loading.

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 stablyElkl-dependent transcription of a luciferase reporter
transfected with anyctagged human EDG-6 were grown in DMEM
containing 10% fetal bovine serum and 0.4 g/L G418 sulfate (Biofluids).

232

9.8

41

Cell culture and transfection

For the detection of Elk1l-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
Fluorescence-activated cell sorter (FACS) analysis seeded in 6-well plates and cotransfected the following day with 50 ng of

The human EDG-6 receptor was N-terminal tagged with an HA—epitoﬁBe_ fusion activator plasmid pFA-Elk (Stratagene), 500 ng of thg firefly
(peptide sequence: MGYPYDVPDYAGGP) and C-terminal tagged with Iyciferase reporter vector pFR-Luc (Stratagene), 100 ng ofRéeilla
c-mycepitope. Construction, expression, and flow cytometry analysis wdkgiferase control reporter vector (Promega), and 50 ng of 1 of the plasmids,
performed as describéd.The N-terminal HA-epitope tag was detectedPcPNA3.1(+) or pcDNA3.1(t) containing the human EDG-6 receptor or
with a fluorescein isothiocyanate (FITC)-labeled anti-HA antibody. 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 pL passive lysis
[32P]SPP was synthesized enzymatically using recombinant sphingosingfer (Promega) for 30 minutes at room temperature. Luminescence of 20
kinase as previously describ&dTransfected cells were incubated withpL aliquots was measured with the Berthold Luminat LB 9507 for 10
the indicated concentration of?P]SPP in 200 pL binding buffer (20 seconds after injection of 50 pL each of luciferase assay buffer Il and Stop
mmol/L Tris-HCI, pH 7.4, 100 mmol/L NaCl, 15 mmol/L NaF, 2 mmol/L & Glo buffer (Promega).

SPP binding assay
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A B
Results

Overexpression of EDG-6 in HEK293 cells

Figure 1 shows a phylogenetic tree depicting the relationship o
EDG-6 to other EDG family members, as well as the next mosi
closely related group of receptors, the cannabinoid receptors. TI‘E
LPA-receptors EDG-2 and EDG-4, as well as the SPP-receptorm
EDG-1, EDG-3, and EDG-5, are clearly distinct from each other%
and form their own subgroups. Within these 2 EDG-subgroupsZ
EDG-6 has a slightly higher homology to the first and the seventt=) C D
transmembrane domains of the SPP subgroup than to the LPg
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 EDGZ hese homologies
suggest that EDG-6 could be an SPP receptor. To examine th
possibility, we transfected HEK293 cells, which do not express
EDG-6, as determined by RT-PCR (data not shown), and have n
detectable binding sites for SBP,with C-terminal cmycepitope
tagged or N-terminal HA-tagged human EDG-6 cDNA. Expression
of EDG-6 protein on the cell surface was examined by flow ) Fluorescense )
cytometric analysis with anti-mycor anti-HA antibodies. FACS Z'fggeftaggzgei?;';:fE‘SeG'g:L’Zg?'r Hé&:gg?‘fnta:g ;':Z ((:;eg‘)";:'rmeabi’l’ggc;
analysis showed that intact HEK293 cells transfected with EDG‘ﬁTEKZQS cells transfected with C-terminal myc-epitope—tagged human EDG-6 (A, B)
mycwere indistinguishable from untransfected cells (Figure 2Ayr with N-terminal HA-tagged human EDG-6 (C, D). FACS analysis was performed as
However, when EDG-GSnyc—transfected HEK?293 cells were per_described in “Materials and methods.”Grey_areas indicate the signal_without the first
meabilized, a distinct shift in the fluorescence was detecteagl?body(A, B) or autofluorescence of unstained cells (C, D), respectively.

indicating that permeabilization allowed access of thenyes

antibody to the C-terminus that is located at the cytoplasmic tail Ffete for B2P]SPP binding to HEK293-EDG-6 cells at any concen-
EDG-6 (Figure 2B). HEK293 cells transfected with N-terminajation tested.

HA-tagged EDG-6 showed a shifted fluorescence without perme-

abilization (Figure 2C), indicating cell surface expression ddinding of SPP to EDG-6 activates Erk

HA-tagged EDG-6, as the N-termini of G protein—coupled recefye \apK Erk is activated by a wide variety of G protein—coupled
tors are located extracellularly. Interestingly, this peak was a'?@ceptor§3 including the known SPP receptors, EDG35

slightly enhanced by cell permeabilization (Figure 2D), suggestir@DG_3?4 and EDG-55 To determine whether EDG-6 also acti-
that some HA-tagged EDG-6 may be expressed intracellularly. \4te5 Erk, HEK293 cells were cotransfected with EDG-6 and

Binding of SPP to EDG-6 HA-tagged Erkz: SPF_’, markedly enhanced _m_yelin basic protein
] ) ) phosphorylation in anti-HA-Erk2 immunoprecipitates from EDG-6
Having established that human EDG-6 is expressed on the surfgegsfected HEK293 cells. However, Erk2 was also stimulated by

of transiently transfected HEK293 cells, it was of interest t&pp in vector-transfected cells, albeit to a lesser degree (data not
determine whether SPP binds to EDG-6. In agreement with

previous report§!314 no specific SPP binding was detected in
HEK293 cells transfected with the vector alone, whereas HEK29¢ ~ 3.5
cells transfected with cyc-tagged human EDG-6 (HEK293— @
EDG-6) displayed dramatically increased binding &P|SPP, @ 3
which was competed by 1000-fold molar excess of either unlabele 7, 2.5
SPP or dihydro-SPP to a level similar to that seen in untransfecte 2
cells (Figure 3). Neither SPC nor LPA effectively competed with E 2
[32P]SPP for binding to HEK293-EDG-6 cells at 1000-fold excess =
(1 pmol/L). Acomputer curve fitting of binding isotherms indicated g 1.5
that SPP binding to EDG-6 was saturable and displayed moderate 8

high affinity (Kp = 63 nmol/L) (Figure 4). a
Because many studies indicate that SPC and LPA can also bin %0_5_

to SPP receptors, we examined whether SPC or LPA might bind ti&
EDG-6 with very low affinity. Competition binding experiments 0
were performed using up to 10 pumol/L unlabeled lipids. As
expected, SPP competed fé#]SPP binding very effectively, with edg-6 vector

50,% of the total binding competing at 4,6 nmol/L. unlabeled SP!Ei)gure 3. SPP binds specifically to HEK293 cells expressing EDG-6. HEK293
(Figure 5), close to the measured,.KDihydro-SPP was |€SS celis were transiently transfected with an expression plasmid containing the EDG-6
effective than SPP, competing 50% of the total binding at 2X@en reading frame (solid bars) or with vector alone (white bars); and binding of 0.5

nmol/L. SPC was able to compete for binding é*H]SPP but 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

Only at very hlgh concentrations in the mlgrgmolar ra}nge (Flgurrﬁethods.” Results are means =+ SD of triplicate determinations. Similar results were
5B). In contrast, the related lysophospholipid LPA did not conbvutained in at least 3 independent experiments.

total SPP dh-SPP SPC LPA total SPP
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Figure 4. SPP binds to EDG-6 with high affinity . HEK293 cells were transfected
with EDG-6 and specific binding of [*P]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 + SD of
triplicate determinations. The binding curve and the Kp (63 nmol/L) were calculated
using Deltagraph for Macintosh.

shown). To circumvent the activation of Erk by SPP in untrans-
fected HEK293 cells, which could be due to the presence of ED
and EDG-5%%1326we used CHO-K1 cells, which only express lo
levels of EDG-3* and do not show Erk activation by SPF5>
Moreover, CHO cells have previously been used successfully tra
examine Erk activation by the binding of SPP to cells overexpress
ing EDG-1, EDG-3, or EDG-3%2527 Expression of EDG-6 in

16 m SPP
141 O dh-SPP
A SPC
12
o LPA

specific binding (fmol / well)

0+ ‘
1 10 100 1000 10000
competitor (nM)
correlation
competitor Ki coefficient
SPP 46 nM .988
dh-SPP 210 nM .983
SPC 4.6 uM .899

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 + SD of
triplicate determinations. Competition curves were fit and Kjs calculated using
Deltagraph program for Macintosh. Below, shown are the K; values and correlation
coefficients (r2) of the curve fits for SPP, dihydro-SPP, and SPC. LPA did not compete
at any concentration tested.
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W
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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 ED&3
EDG-6 also mediates SPP-induced MAPK activation, leading to
phosphorylation and activation of Elk1.

Discussion

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

Yestor edg6

[CINo PTX
#n | [
PTX- + + - -+ o+ -
SPP- - o+ o+ N
[
Control SPP Control SPP
Vector edg-6
C D -
p-ERK—~ 3 +5
ERK —= s e i 4
3.5
PTX -t -t 3
SPP - oot 5

Relative Luciferase Units
Ed = »~
o & - o

Vector edg-

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 pmol/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 = SEM.

edg-6
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protein—coupled receptors. Although by homology it cannot bdowever, all 3 previously described EDG SPP receptors have also
clearly grouped with either the EDG-1, EDG-3, and EDG-%®een shown to have PTX-insensitive effects as well, suggesting that
subfamily, which bind SPP, or the EDG-2 and EDG-4 subfamilfzDG receptors can couple to multiple G proteins.

which bind LPA, evidence presented here indicates that EDG-6 is EDG-6 is expressed mainly in lymphocytes that would there-
an SPP receptor. SPP binds specifically to EDG-6 expressedfgfe be constantly exposed to high concentrations of SPP in serum.
HEK293 cells, although with a lower affinity (63 nmol/L) than toThus, SPP signaling through EDG-6 may be maintained at a
EDG-1 (8 nmol/L);* EDG-3 (23 nmol/L), or EDG-5 (27 nmol/ ¢constant moderate level. The increase in release of SPP seen when
L).*Thus, residues conserved among EDG-1, EDG-3, and EDGsRytelets are activated may further enhance EDG-6 signaling.
b_ut r_lot in EDG-6 may contribu_te_to the increased affinity_of S_P owever, it is possible that EDG-6 signaling may be down-
binding. Nevertheless, the affinity of EDG-6 for SPP is highegyjated by constant exposure to SPP because it has previously
enough to indicate that SPP could be a physiologically relevaglen, shown that ligand binding to GPCRSs induces internalization

ligand for EDG-6, as the concentration of SPP in plasma and se"é?‘receptor%“ and SPP induces rapid trafficking of EDG-26 It

is about 200 nmol/L and 500 nmol/L, respectivély. remains to be determined whether regulation of surface expression

Dihydro-SPP, which binds to EDG-1, EDG-3, and EDG-5 a(?f EDG-6 is an important mechanism in determining how subsets

potently as SPP, also binds to EDG-6, although with approximate . . .
a 5-fold lower affinity than SPP. Interestingly, SPC binds to EDG-8 'eSting or activated lymphocytes respond to different SPP levels
In the periphery or in tissue.

ith a 100-fold | ffinity than SPP (4.6 I/L). Similarl
wh a olc Jower arinty than (4.6 pmol/L). Similarly, Although the biologic significance of SPP signaling through

SPC was recently shown to mobilize Cain Xenopus oocytes il h d dendriti ls | d d th
expressing EDG-1, EDG-3, or EDG-5 at low micromolar concerf:PG-6 In lymphocytes and dendritic cells is poorly understood, the

trations, whereas SPP was active at nanomolar Concentr&%on\g{elI-characterized growth-related or cytoskeleton-associated activi-
Moreover, SPC induced increased [C4 in HEL cells expressing 1€ Of SPP suggest that EDG-6 could be involved in various
EDG-17 or EDG-32* and in K562 cells expressing EDG?5in immunologic responses. Recently, it was shown that SPP protects
each case with approximately a 100-fold lower efficacy than SPIman T-lymphoblastoma cells, which express EDG-3 and EDG-5,
Thus, SPC may be a low affinity agonist for all 4 of the currentl{fOM apoptosis induced by Fas or ceramitidloreover, invasion
identified EDG SPP receptors. However, it is also possible thk T-lymphoma cells into a fibroblast monolayer is dependent on
these effects were not mediated by SPC itself, as it was recendyP receptor-mediated RhoA and phospholipase C signaling
found that commercial preparations of SPC are contaminated witthways that lead to pseudopod formation and enhanced infiltra-
highly potent alkenyl-glycero-3-phosphafésin contrast, SPC tion3® Thus, members of the EDG family may synergize with
activated ke in guinea pig atrial myocytes with Eg of 1.5 signaling pathways initiated by cytokines. Lysosphingophospho-
nmol/L3! Moreover, SPC activates signaling pathways differeripids may play a critical role as potent autocrine and paracrine
from those stimulated by SPP3 Thus, another sphingolipid mediators in specific microenvironmental settings of normal and
receptor may exist that has a high affinity for SPC. pathophysiologic immune responses.

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. Similarlgcknowledgment
EDG-1, EDG-3, and EDG-5 have all been shown to link to
PTX-sensitive G proteins to mediate MAPK activatidi*2> We thank Dr S. Milstien for helpful discussion.
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