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Analysis of sphingosine 1-phosphate receptors
involved in constriction of isolated cerebral arteries
with receptor null mice and pharmacological tools
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Background and purpose: Sphingosine 1-phosphate (S1P) selectively and potently constricts isolated cerebral arteries, but
this response has not been pharmacologically characterized.
Experimental approach: The receptor subtype(s) involved in S1P-induced cerebrovascular constriction were characterized
using genetic (S1P2 and S1P3 receptor null mice) and pharmacological tools (phospho-FTY720, a S1P1/3/4/5 receptor agonist;
SEW2871, a S1P1 receptor agonist, JTE-013, a S1P2 receptor antagonist, VPC23019, a S1P1/3 receptor antagonist). Isolated
basilar or peripheral (femoral, mesenteric resistance) arteries, from either rat or mouse, were studied in a wire myograph.
Key results: S1P concentration-dependently constricted basilar artery in rat, wild-type (WT) and S1P2 null mice, but barely
affected vascular tone in S1P3 null mice. Vasoconstriction to U46619 (a thromboxane analogue) or to endothelin-1 did
not differ between WT, S1P2 and S1P3 null mice. JTE-013 inhibited not only S1P-induced vasoconstriction, but also
KCl-, U46619- and endothelin-1-induced constriction. This effect was observed in WT as well as in S1P2 null mice. VPC23019
increased the concentration-dependent vasoconstriction to S1P in both rat and mouse basilar arteries with intact endothelium,
but not in rat basilar artery without endothelium. Phospho-FTY720 concentration-dependently constricted rat basilar arteries,
but not femoral or mesenteric resistance arteries, while SEW2871 did not induce any response in the same arteries.
Conclusions and implications: S1P constricts cerebral arteries through S1P3 receptors. The purported S1P2 receptor
antagonist JTE-013 does not appear to be selective, at least in rodents. Enhancement of S1P-induced contraction by VPC23019
might be related to blockade of S1P1 receptors and NO generation.
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Introduction

Sphingosine 1-phosphate (S1P) is an important signalling

molecule in the cardiovascular system (Waeber et al., 2004).

S1P derived from membrane sphingolipids and glycero-

phospholipids and/or released by activated platelets binds

to high-affinity G-protein-coupled receptors (S1P1–S1P5;

formerly EDG1,5,3,6,8; McGiffert et al., 2002; Anliker and

Chun, 2004; Gardell et al., 2006). S1P receptor expression has

been documented in endothelial cells as well as in vascular

smooth muscle (Hla and Maciag, 1990; Okazaki et al., 1993).

Sphingosine 1-phosphate induces vasoconstriction in

isolated arteries as well as in vivo. It constricts isolated

cerebral arteries at submicromolar concentrations (Tosaka

et al., 2001; Coussin et al., 2002; Salomone et al., 2003), but

not peripheral arteries (Salomone et al., 2003). This effect on

cerebral circulation has also been observed in in vivo

experiments (Tosaka et al., 2001; Salomone et al., 2003).

The fact that submicromolar S1P concentrations constrict

cerebral arteries in vitro is likely to be physiologically

relevant, because plasma S1P concentrations have been

reported to be in this range (Yatomi et al., 1997; Murata

et al., 2000). Moreover, the S1P concentration in the
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supernatant during clot formation has been shown to induce

basilar artery spasm (Tosaka et al., 2001).

The identity of the receptor subtype mediating constric-

tion to S1P is unclear. On the basis of the results of in vitro

experiments using antisense gene delivery, we have pre-

viously proposed that the cerebrovascular constriction

induced by S1P is mostly S1P3 receptor mediated (Salomone

et al., 2003). However, the involvement of S1P2 in S1P-

induced contraction of canine coronary smooth muscle cells

has been suggested, based on the effect of JTE-013, an S1P2

receptor antagonist (Ohmori et al., 2003). Furthermore, at

least part of S1P-induced vasoconstriction seems to occur

through a Pertussis toxin-sensitive mechanism (Bischoff

et al., 2000; Salomone et al., 2003), suggesting that S1P

receptors coupled to Gi/Go proteins (possibly S1P1; Lee et al.,

1996) may play a role in S1P-induced vasoconstriction.

In the present study, we took advantage of new pharma-

cological tools and, importantly, receptor knockout mice to

identify the S1P receptor subtype(s) mediating cerebral

vasoconstriction. On the basis of the lack of S1P-induced

vasomotor tone in basilar artery isolated from S1P3 receptor

null mice, the lack of vasoconstriction following an S1P1

receptor agonist (SEW2871) and the cerebrovascular selective

vasoconstriction to phospho-FTY720 (an agonist for all S1P

receptors but S1P2), we conclude that S1P-induced vasocon-

striction of rat and mouse basilar artery occurs through S1P3

receptor stimulation.

Methods

Animals

All procedures were performed in accordance with the Guide

for the Care and Use of Laboratory Animals and approved by

the Institutional Animal Care and Use Committee.

S1P2 and S1P3 null mice (Ishii et al., 2001, 2002; Yang et al.,

2002) were bred and housed in our animal facility. Animals

had free access to water and food. All experiments reported

here were performed using 12- to 16-week-old (20–30 g) male

mice. Both wild-type (WT) littermates and commercial

C57BL6/j were used as controls. The genotype of each mouse

was confirmed by PCR. Rats were male Sprague–Dawley,

weighing 250–350 g.

Myograph experiments

Mice or rats were killed by fluothane anaesthesia followed by

decapitation, and their brains were removed and immersed

in physiological solution (composition (mM): NaCl, 118; KCl,

4.6; NaHCO3, 25; MgSO4, 1.2; KH2PO4, 1.2; CaCl2, 1.2;

glucose, 10; EDTA, 0.025; pH 7.4 at 37 1C). The basilar artery

was dissected, cut into 1.5- to 2-mm long segments and

threaded onto 40-mm stainless steel wires (rat) or 15-mm

tungsten wires (mice). Each segment was mounted in one of

the four organ chambers of an isometric myograph (610 M;

Danish Myo Technology, Aarhus, Denmark). For mice, an

entire basilar artery was mounted in each organ chamber. Rat

femoral and mesenteric arteries, as well as mouse aorta or

carotid artery were threaded onto 40-mm stainless steel wires.

In experiments with rat basilar artery, aimed at comparing

the effect of intact functional endothelium on S1P and

VPC23019, a 25-mm stainless steel wire was used instead of

the 40-mm wire. After mounting, each preparation was

equilibrated, unstretched, for 30 min, in physiological solu-

tion, maintained at 37 1C and aerated with a gas mixture of

95% O2 and 5% CO2. The normalized passive resting force

and the corresponding diameter were then determined for

each preparation from its own length–pressure curve,

according to Mulvany and Halpern (1977). Contractile

responses were recorded into a computer, by using a data

acquisition and recording software (Myodaq and Myodata,

Danish Myo Technology). After normalization and 30-min

equilibration in physiological solution, the preparations

were stimulated with isotonic depolarizing KCl solutions,

in which part of NaCl had been replaced by an equimolar

amount of KCl (composition (mM): NaCl, 22.6; KCl, 98.8;

NaHCO3, 25; MgSO4, 1.2; KH2PO4, 1.2; CaCl2, 1.2; glucose,

10; EDTA, 0.025, pH 7.4 at 37 1C). After washout and 30-min

recovery, the preparations were exposed to agonists (for

example, S1P, phospho-FTY720 or SEW2871). In some

experiments, the vasoconstriction to S1P was tested in the

presence of 10 mM JTE-013, 10 mM VPC23019 or 0.1 mM N-o-

nitro-L-arginine methyl ester hydrochloride (L-NAME; 30-

min preincubation) in rat or mouse basilar artery. To study

endothelium-dependent vasodilating effects, preparations

were preconstricted with 1–10 mM phenylephrine (rat femoral

and mesenteric resistance arteries), 0.3–1 mM 5-hydroxytryp-

tamine (5-HT; rat basilar artery) or 0.3 mM U46619 (mouse

basilar artery). Mouse basilar arteries were also challenged

with cumulative U46619 (10 nM–3 mM), a synthetic prosta-

noid analogue of PGF2a, and with endothelin-1 (ET-1; 10 pM–

30 nM). In some preparations, endothelium was removed by

perfusion with 0.03% Triton X-100. To assess the effective-

ness of endothelium removal, preparations preconstricted by

0.3 mM 5-HT were challenged with 1mM acetylcholine (Ach).

Statistical analysis

The negative logarithm (pD2) of the concentration produ-

cing 50% of the maximum effect (Emax) was calculated by

linear regression from semi-logarithmic plots. Pharmacolo-

gical parameters (pD2 and Emax), calculated from different

animals and treatments, were averaged by group and

treatment and compared by one-way ANOVA followed by

Tukey’s post hoc analysis. Nonlinear fits of concentration–

contraction curves were also compared by F-test, by using

the PRISM software (Graph Pad Software, San Diego, CA,

USA). P-values less than 0.05 were considered statistically

significant.

Drugs

Sphingosine 1-phosphate (Avanti Polar Lipids Inc., Alabaster,

AL, USA) was solubilized as a millimolar stock solution in a

buffer containing 100 mM Tris, 145 mM NaCl and 4 mg ml�1

fatty acid-free BSA, pH 9.0. This buffer did not produce

changes in the tone of basilar arteries, except when its total

amount added to the bath was 1 and 3% of the total 5-ml

bath volume. The transient increase in tone observed in this

case lasted only about 1 min (see Figure 1b), possibly because
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of a transient increase in the pH of the physiological bathing

solution. Therefore, when measuring the effect of 10

and 30 mM S1P, we disregarded this transient peak and

considered the ensuing steady-state tension. JTE-013

(Tocris, Ellisville, MO, USA) was dissolved in dimethyl

sulphoxide as a 10-mM stock solution. VPC23019 (Avanti

Polar Lipids) was dissolved in acidified dimethyl sulphoxide

as a 10-mM stock solution. Phospho-FTY720 (Novartis

Institutes of BioMedical Research, Basel, Switzerland) was

dissolved in H2O/dimethyl sulphoxide (50:50) as a 5-mM

stock solution. SEW2871 (Cayman Chemical Company,

Ann Arbor, MI, USA) was dissolved in ethanol as a 10-mM

stock solution. U46619 (Sigma-Aldrich, St Louis, MO, USA)

was dissolved in ethanol as a 30-mM stock solution. ET-1

(Sigma) was dissolved in H2O as a 30-mM stock solution.

FTY720 was from Cayman Chemical; PE, 5-HT, ACh, L-NAME

were from Sigma; they were dissolved as 10-mM stock

solution in H2O.

Figure 1 Vasoconstriction to sphingosine 1-phosphate (S1P) in isolated basilar artery from wild-type (WT) or S1P2 or S1P3 receptor null mice.
(a) Typical recording showing the contractile responses to cumulative concentrations of S1P in basilar artery isolated from WT mice; arrows
indicate the addition of each concentration of S1P, from 10�8 to 3�10�5

M, in half-log steps, to the organ bath; contractile response to high
(100 mM) Kþ -induced depolarization is shown for comparison. (b) Effect of the S1P solvent (transient vasoconstriction, when injecting 50 and
150 ml) in basilar artery isolated from WT mice. (c) Typical recording showing the contractile response to S1P in basilar artery isolated from
S1P3

�/� mice. (d) Averaged contractile responses to cumulative concentrations of S1P in WT, S1P2
�/�, S1P3

�/� and S1P3
þ /� mice, expressed in %

of high (100 mM) Kþ -induced contractions in the same preparations: mean and s.e.mean. The corresponding pharmacological parameters are
given in Table 1.
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Results

S1P2 and S1P3 receptor null mice displayed morphologically

normal basilar arteries. Their normalized diameter and

vasoconstrictor responses to 100 mM KCl, the thromboxane

receptor agonist U46619 and ET-1 did not differ from those

of WT basilar arteries (Table 1).

Sphingosine 1-phosphate concentration-dependently con-

stricted basilar arteries isolated from either WT or S1P2
�/�

mice (Figure 1). S1P did not constrict other mouse arteries

(aorta, carotid artery; not shown). S1P was significantly more

potent in basilar arteries from S1P2
�/� mice than in basilar

arteries from WT mice (Table 1). In most basilar arteries from

S1P3
�/� mice, S1P barely affected the vascular tone (p10% of

100 mM KCl-induced contraction). In two preparations,

however, S1P induced a weak vasoconstriction (about 30%

of 100 mM KCl-induced contraction). S1P-induced vaso-

constriction was also significantly impaired in S1P3
þ /�

(heterozygous) mice (Figure 1 and Table 1).

The higher potency of S1P in arteries from S1P2
�/� may

suggest that S1P2 receptor activation inhibits S1P-induced

constriction in WT mice. To test this hypothesis, we used

JTE-013, a purported inhibitor of S1P2 receptors (Ohmori

et al., 2003). As shown in Figure 2, 10 mM JTE-013 strongly

inhibited S1P-induced contraction in basilar arteries from

WT. However, JTE-013 also inhibited the contraction

induced by 100 mM KCl (by 64.0±5.5%, n¼5, Po0.01),

U46619 and ET-1 (Figure 2). Furthermore, the inhibitory

effects of JTE-013 on vascular contraction were also present

in basilar arteries from S1P2
�/� (Figure 2), suggesting that the

effects of JTE-013 are unrelated to S1P2 receptor antagonism.

VPC23019 has been described as an S1P1/3 receptor

antagonist in stable transfectants expressing either human

S1P1 or S1P3 receptors (Davis et al., 2005). In a guanosine-

50-O-(3-[35S]thio)triphosphate assay, their pKb values (�log M)

for S1P1 and S1P3 receptors were, respectively, 7.49±0.15

and 5.98±0.08. S1P1 receptors have been described as

stimulating endothelial release of nitric oxide, which

produces vasodilatation (Igarashi et al., 2003). We therefore

tested the effect of VPC23019 in rat basilar arteries either

with intact endothelium or without functional endothe-

lium. As shown in Figure 3a, S1P-induced contractile

responses were significantly weaker (Po0.01) in basilar

arteries with intact endothelium (relaxation to ACh,

71.0±4.6%, n¼16) than in basilar arteries without endothe-

lium (relaxation to ACh, 9.2±3.3%, n¼16). VPC23019

significantly increased the S1P-induced vasoconstriction in

preparations with intact endothelium (Po0.01), but did not

change it in preparations without endothelium. In intact

mouse basilar artery (relaxation to ACh, 45.6±7.2%, n¼16),

VPC23019 shifted to the left the concentration–contraction

curve to S1P by a half log (Figure 3b); preincubation with

0.1 mM L-NAME produced a similar leftward shift (Figure 3b).

VPC23019 did not modify the contractile responses to KCl,

5-HT or U46619 (not shown).

Phospho-FTY720 is the active form of the prodrug FTY720.

It specifically interacts with S1P1,3,4,5 but not with S1P2

receptors (Mandala et al., 2002). FTY720 has also been shown

to inhibit sphingosine phospholyase (the enzyme responsi-

ble for irreversible S1P degradation) in vitro in a dose-

dependent fashion, with effects occurring at concentrations

as low as 300 nM, while phospho-FTY720 is inhibitory only at

30 mM (Bandhuvula et al., 2005). In rat basilar artery, FTY720

(10 nM–0.1 mM) did not significantly affect the resting tone,

or the tone induced by 5-HT or high Kþ (not shown). In

contrast, phospho-FTY720 concentration-dependently in-

duced a vasoconstriction (EC50 0.6±0.2 mM, Emax

2.04±0.33 mN mm�1, n¼11) comparable in amplitude to

S1P-induced constriction (Figure 4). Phospho-FTY720 did

not induce any significant contraction or relaxation in

peripheral arteries such as femoral and mesenteric resistance

arteries (not shown).

SEW2871, an S1P1 receptor agonist (Jo et al., 2005), did not

induce any contraction in rat basilar or mesenteric resistance

arteries when tested at concentrations up to 10 mM (Figure 5).

Because S1P1 receptor activation has been linked to en-

dothelial nitric oxide synthase (eNOS) activation (Igarashi

and Michel, 2000), we tested the potential vasodilatory effect

of SEW2871 on basilar, femoral and mesenteric resistance

arteries preconstricted with either 1mM 5-HT or 1–10 mM

Table 1 Morphological and pharmacological parameters of isolated mouse basilar arteries

Wild type (n¼15) S1P3
�/� (n¼6) S1P3

þ /� (n¼3) S1P2
�/� (n¼6)

Normalized diameter (mm) 173±5 178±5 181±4 165±17
Constriction to high (100 mM)
Kþ (mN mm�1)

0.96±0.08 0.69±0.11 0.89±0.25 0.80±0.13

Constriction to U46619
pD2 (EC50, mM) 7.01±0.18 (0.18) 7.22±0.14 (0.07) 6.73±0.04 (0.19) 7.09±0.30 (0.16)
Emax (% high Kþ ) 99±4 124±17 90±3 125±16

Constriction to ET-1
pD2 (EC50, nM) 9.86±0.26 (0.28) 9.87±0.53 (0.32) 9.57±0.23 (0.37) 10.12±0.15 (0.09)
Emax (% high Kþ ) 78±8 97±22 53±7 84±19

Constriction to S1P
pD2 (EC50, mM) 5.65±0.08 (2.8) ND (ND) ND (ND) 6.16±0.17** (1.0)
Emax (% high Kþ ) 78±10 12±4** 24±7* 89±21

Abbreviations: Emax, maximal effect; ET-1, endothelin-1; ND, not determined; pD2, negative logarithm; SIP, sphingosine 1-phosphate.

*Po 0.05, **Po 0.01 versus wild type; one-way ANOVA and Tukey’s HSD test.
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phenylephrine. In these preparations (Figure 5), SEW2871

did not elicit any significant vasodilatation. The functional

integrity of endothelium was confirmed by challenging the

preparations with ACh.

Discussion

This study used S1P receptor null mice (Ishii et al., 2001,

2002) to characterize unequivocally the S1P receptors

responsible for cerebrovascular smooth muscle contraction.

These data demonstrate that basilar arteries from S1P3
�/�

mice show very weak or no vasoconstriction to S1P.

Furthermore, S1P is a more potent vasoconstrictor in basilar

arteries from S1P2
�/� mice than in basilar arteries from WT

mice. On the basis of this evidence, we rule out the

involvement of S1P2 receptors and suggest that the S1P3

subtype is the major contributor to S1P-induced vasocon-

striction in cerebral circulation. However, some redundancy

may exist in the signal-transduction pathways downstream

of S1P receptor activation (for review see Waeber et al., 2004).

For example, analysis of Rho activation in S1P3
�/� mouse

embryonic fibroblasts showed that S1P activated Rho to an

extent similar to that observed in WT cells (Ishii et al., 2001;

Liu et al., 2003), an effect attributed to S1P2 receptor

stimulation, while PLC activation by S1P was clearly blunted

in S1P3
�/� mouse embryonic fibroblasts. Considering that

both Rho-Rho kinase and PLC are involved in the vasocon-

striction induced by S1P in cerebral arteries (Salomone et al.,

2003), an S1P2/S1P3 receptor redundancy may explain the

weak contraction to S1P (about 30% of high Kþ -induced

tone) that we observed in two out of six S1P3
�/� mice.

Furthermore, homeostatic compensatory mechanisms could

occur in S1P3
�/� mice and may include receptor-independent

effects of S1P, as recently implicated in smooth muscle

contraction (Leiber et al., 2007).

The genetic evidence for a major role of S1P3 receptors in

S1P-induced vasoconstriction of cerebral arteries is rein-

forced by the observation that S1P-induced vasoconstriction

in heterozygous S1P3
þ /� mice was also blunted. It is worthy

of note that basilar arteries from both S1P3
�/� and S1P3

þ /�

exhibited normal responses to other vasoconstrictors, such

as high Kþ -induced depolarization, U46619 and ET-1.

Because we observed a higher potency of S1P in arteries

from S1P2
�/�, we attempted to determine whether this

receptor subtype inhibits vascular smooth muscle contrac-

tion by using JTE-013, a compound previously shown to

inhibit contraction of coronary artery smooth muscle cells

via S1P2 receptor blockade (Ohmori et al., 2003). In our

hands, however, JTE-013 not only inhibited S1P-induced

contraction in basilar arteries but also inhibited the contrac-

tion induced by 100 mM KCl, U46619 and ET-1, suggesting

that this effect was not specifically related to S1P receptor

antagonism. Furthermore, the inhibitory effect of JTE-013

was also present in basilar arteries from S1P2
�/� mice,

indicating that it was completely unrelated to antagonism

of S1P2 receptors. It is worth mentioning that the JTE-013

concentration used in our study (10 mM) is similar to the

Figure 2 Effect of JTE-013 on the responsiveness of mouse basilar artery to sphingosine 1-phosphate (S1P) and other agonists. (a–c) Averaged
contractile responses to cumulative concentrations of U46619, S1P or endothelin-1 (ET-1) in basilar arteries from wild-type (WT) mice, in the
presence or absence of 10mM JTE-013. Contractile responses are expressed in % of high (100 mM) Kþ -induced contractions in the same
preparations in the absence of JTE-013. Values are mean and s.e.mean; n¼5. (d, e) Typical recordings (experiment repeated twice with similar
results) showing the contractile responses to cumulative concentrations of U46619 and S1P, in the absence (d) or presence of 10mM JTE-013
(e), in basilar artery isolated from S1P2

�/� mice; arrows indicate the addition of each concentration of U46619 (10�8 to 3�10�6
M) or S1P

(10�8 to 3�10�5
M), in half-log steps, to the organ bath; contractile responses to high (100 mM) Kþ -induced depolarization in the same

preparations are shown for comparison. When used, JTE-013 was preincubated for 30 min before challenging with U46619, S1P or ET-1.
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concentrations used in previous studies (Osada et al., 2002;

Ohmori et al., 2003), and we found significant inhibition of

KCl- and U46619-induced contraction even when using 1 mM

JTE-013 (data not shown).

VPC23019 has been described as an S1P1/3 receptor

antagonist, exhibiting pKb values of 7.5 and 6.0 for the

S1P1 and S1P3 receptors, respectively (Davis et al., 2005); that

is, the reported affinity of VPC23019 for S1P1 receptor

subtype is 30 times higher than that for S1P3 receptors (Davis

et al., 2005). S1P1 receptors have been linked to activation of

eNOS (Yatomi et al., 2000; Igarashi et al., 2001), which

produces vasodilatation (Igarashi et al., 2003). Conceivably,

S1P1 receptor antagonism could increase S1P-induced vaso-

constriction, by inhibiting a relaxing effect of S1P via eNOS

activation. We observed that VPC23019 potentiated S1P-

induced contractile response in both rat and mouse basilar

arteries with intact endothelium; however, it failed to do so

in preparations without endothelium. Our interpretation is

therefore that VPC23019 might shift the S1P contraction

curve to the left by inhibiting S1P1 receptor-induced NO

Figure 3 Effect of VPC23019 on the responsiveness of basilar artery from rat (a) and mouse (b) to sphingosine 1-phosphate (S1P). Contractile
responses to cumulative concentrations of S1P, expressed in % of high (100 mM) Kþ -induced contractions in the same preparations, are shown
as mean and s.e.mean (n¼7–9). Isolated basilar arteries were incubated for 30 min with VPC23019 (10 mM), vehicle (5ml dimethyl sulphoxide;
final concentration: 0.1%) or 0.1 mM N-o-nitro-L-arginine methyl ester hydrochloride (L-NAME) before being challenged with cumulative
concentrations of S1P. Nonlinear fits for each individual data set were compared by F-test.

Figure 4 Vasoconstriction to phospho-FTY720 in isolated rat basilar artery. (a) Typical recording showing the contractile responses to
cumulative concentrations of phospho-FTY720; arrows indicate the addition of each concentration of phospho-FTY720, from 10�8 to 10�5

M,
in half-log steps, to the organ bath; the contractile response to 5-hydroxytryptamine (5-HT, 1 mM) is shown for comparison. (b) Averaged
contractile responses to cumulative concentrations of phospho-FTY720: mean and s.e.mean (n¼12). The corresponding pharmacological
parameters are given in the text.
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release, while it only weakly inhibited the S1P3-mediated

contraction, even at the highest concentration we tested.

This is not unexpected, considering its published 30-fold

lower affinity for the S1P3 subtype. The observation that

removing endothelium or incubating with the NOS inhibitor

L-NAME shifts to the left the curve to S1P is consistent with

an endothelial pathway of vasodilatation sensitive to S1P,

presumably acting at S1P1 receptor. It is also important to

mention that VPC23019 binding to S1P receptors has been

characterized in an HEK293T cell line overexpressing human

S1P receptors (Davis et al., 2005), a system that may

differ from our experimental system; for instance, minor

species-specific differences in the primary sequence of

human versus rodent S1P receptors may critically affect the

drug-binding profile of S1P3 receptors, such that the affinity

of VPC23019 for rodent S1P3 might be even lower than that

for human S1P3.

When using the S1P1 receptor agonist SEW2871 (Jo et al.,

2005; Wei et al., 2005), up to 10 mM, we did not observe any

relaxation in rat basilar, femoral or mesenteric resistance

arteries (Figure 5), where the presence of a functional

endothelium was routinely confirmed by the relaxing effect

of ACh. In our experimental system, SEW2871 appears

therefore ineffective as a vasodilator in these vessels,

suggesting that it does not have sufficient affinity and/or

efficacy at the rodent endothelial S1P1 receptors. In some

vessels, however, S1P receptor subtypes other than S1P1 may

be involved in S1P-induced endothelium-dependent vaso-

dilatation. For example, S1P3 receptors have been shown to

mediate vasodilatation in mouse aortas (Nofer et al., 2004;

Tolle et al., 2005) when challenged with phospho-FTY720, an

observation that we reproduced in our laboratory (result not

shown), confirming previous reports.

In conclusion, because phospho-FTY720 is an agonist for

all S1P receptors except S1P2 (Brinkmann et al., 2002;

Mandala et al., 2002), the fact that phospho-FTY720 potently

constricted rat cerebral arteries, taken together with our

observations in basilar arteries from S1P2
�/� mice, further

reinforces the notion that S1P2 receptors are not involved in

cerebrovascular constriction. The purported S1P2 receptor

antagonist JTE-013 does not appear to be selective, at least

in rodents. Our data show that S1P-induced vasoconstriction

Figure 5 Absence of vasoconstriction (a, b) or vasodilatation (c–e) to SEW2871 in different arteries isolated from rat. Typical recordings show
the lack of effect of SEW2871, either as single concentration or as cumulative concentrations (by half-log steps), in comparison with positive
controls for vasoconstriction, such as high (100 mM) Kþ -induced depolarization and 5-hydroxytryptamine (5-HT, 1mM) in basilar artery (a) and
phenylephrine (PE, 10mM) in mesenteric resistance artery (b). For endothelium-dependent vasodilatation, acetylcholine (ACh; 1 mM) was used
as a positive control in basilar (c), femoral (d) and mesenteric resistance arteries (e). Each preparation/condition was tested 3–4 times with
similar results.
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in cerebral arteries is mediated by S1P3 receptors.

Enhancement of S1P-induced contraction by VPC23019

might be related to blockade of S1P1 receptors and NO

generation.
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