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Abstract Endothelial inflammation is an important risk fac-
tor in the initiation and development of vascular disease.
Therefore, signaling cascades and patho-physiological out-
comes of endothelial inflammation are important questions
in vascular biology. Recent studies suggest that sphingosine-
1-phosphate receptor subtype 2 (S1PR2) signaling in endothe-
lial cells (ECs) play a critical role in endothelial inflammation.
For example, ECs present in atherosclerotic plaques exhibit
senescence phenotype. Levels of SIPR2 are markedly in-
creased in cultured senescent ECs and in lesion regions of
atherosclerotic endothelium. Also, inflammatory cytokines
and mechanical flow stress profoundly increase S1PR2 levels
in ECs. Inhibition of endothelial SIPR2 signaling diminishes
endothelial senescence-associated functional impairments and
atherogenic stimuli-induced endothelial activation. In con-
trast, activation of endothelial SIPR2 stimulates the produc-
tion of pro-inflammatory chemokines/cytokines and lipid me-
diators in ECs. In this article, we will review signaling and
functions of sphingosine-1-phosphate (S1P) receptors in en-
dothelial biology, with particular focus on endothelial SIPR2
signaling-mediated endothelial inflammation.
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Introduction

Sphingosine-1-phosphate (S1P), a serum-borne sphingolipids
(SPLs), is converted from plasma membrane sphingomyelin
(SPM) by the sphingolipid catabolic pathway. Alternatively,
S1P can be synthesized de novo by the sphingolipid biosyn-
thetic pathway [1, 2]. Signaling and functions of SIP have
been extensively elucidated in various physio-pathological
events during the past 15 years. At least two milestone dis-
coveries in late 1990s—early 2000s contribute to this
blossoming period of S1P research: the identification of endo-
thelial differentiation gene (EDG) family of G protein-coupled
receptors as S1P receptors (SIPRs) [3-5] and the characteri-
zation of FTY720 (Fingolimod, a reagent known for immu-
nosuppressive function) as an agonist of S1PRs [6]. These two
discoveries have been leading to a tremendous progress in our
understanding of S1P’s functions in vasculature, immune cell
trafficking, inflammation, tumor progression, etc. Conse-
quently, FTY 720 was recently approved by FDA for the treat-
ment of multiple sclerosis.

S1P regulates an array of biological activities in various
cell types [7-10]. S1P can function either as an extracellular
ligand or intracellular mediator [3, 11, 12]. When functioning
as an extracellular ligand, S1P-regulated activities are mediat-
ed by the S1P family of G protein-coupled-receptors (S1PR1-
S1PRS) [3, 5, 13, 14]. Distinct S1P receptor subtypes are
expressed in different cell types, which regulate different sig-
naling pathways and biological activities [15—18, 19¢]. In
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endothelial biology, S1P was initially characterized as a
beneficial and protective lipid mediator which regulates
angiogenesis [15], chemotaxis [20], vasculature mainte-
nance [21], and endothelial integrity function [22]. How-
ever, emerging evidence suggests that S1P also plays a
pathological role in the endothelium, which depends on
the expression of different S1P receptor subtypes on en-
dothelial cell membrane in pathological conditions [16,
23e]. This review aims to focus on S1PRs’ mediated re-
sponses in endothelial cells (ECs), with particular empha-
sis on endothelial inflammation.

S1PR1 Signaling in Endothelial Biology
S1P/S1PR1 Signaling Regulates Angiogenic Responses

Following de-orphaning S1PRs [3, 24], researchers began
to characterize signaling pathways and biological activi-
ties mediated by S1PRs. Before identifying the ligand,
S1PR1 was suggested to be a Gix-coupled G protein-
coupled receptor (GPCR), because the SIPR1 interacted
with Gix by a yeast two-hybrid screening assay and by
co-immunoprecipitation analysis [25]. Strikingly, SIPR1-
over-expressing cells exhibited a distinct morphology.
They formed network-like structures similar to the tubular
structures in differentiated endothelial cells (ECs),
through the increased formation of adherens junctions
[3]. By using these S1PRI1 stable transfectants, it was
shown that the ligand for SIPR1 was present in serum
and the ligand-S1PR1 interaction resulted in this aggre-
gated morphology by up-regulation of adherens junction
formation. Using this morphological screening read-out
together with biochemical analyses, S1P, a serum-borne
bioactive lipid, was shown to be the cognate ligand of
S1PRI1 [3]. The SIPRI (old nomenclature EDG-1) was
cloned from PMA-induced differentiating ECs [26]. Sub-
sequently, it was showed that SIP promotes morphogen-
esis of ECs in vitro and angiogenesis in the Matrigel im-
plantation animal model [15] via the activation of endo-
thelial SIPR1. This S1PR1-mediated endothelial morpho-
genic response depends on the presence of its cognate
ligand, S1P, and S1P/S1PRI1 signaling activated the
ERK-mediated cell survival pathway and small GTPase-
mediated adherens junction (AJ) assembly in cultured
ECs. Knockdown of endothelial SIPR1 abrogated the
S1P-induced angiogenic responses. Collectively, these da-
ta suggested that SIP/S1PR1 signaling is a novel modu-
lator of angiogenesis. In agreement, Dr. Proia’s group
showed that deletion of S/prl resulted in embryonic le-
thality due to a defect in vasculature [21]. Therefore, S1P/
S1PR1 signaling plays critical roles in neo-vessel forma-
tion and vasculature maintenance.
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S1P Stimulates Endothelial Chemotaxis via the SIPR1/Akt
Signaling Axis

S1P is a potent chemoattractant for various cell types [20, 27,
28]. S1P activates protein kinase Akt, which plays a critical role
in S1P-mediated chemotaxis in ECs [20, 29]. SIPR1 is the
predominant S1P receptor subtype expressed in cultured hu-
man umbilical vein endothelial cells (HUVECs) [15]. The con-
sensus Akt phosphorylation sequence (R**'xR**xxS/T**) is
present in the third intracellular loop of S1PRI, and not in
S1PR2 or S1PR3. It was shown that activated Akt phosphory-
lates Thr™*® of SIPR1 [20]. Furthermore, a phosphorylation-
defective SIPR1 mutant, in which Thr**® was mutated to Ala,
inhibited the S1P-mediated Rac activation and chemotactic and
morphogenetic responses in ECs. This result suggested that the
Akt-mediated SIPR1 phosphorylation resulted in the
transactivation of S1PR1, leading to Rac activation, cortical
actin assembly, and chemotaxis in ECs.

S1P Promotes Cell Proliferation

The S1P-stimulated cell proliferation and survival has been
shown to be independent of plasma membrane S1PRs. For
example, it was shown that direct microinjection of S1P into
cells resulted in a significant increase in DNA synthesis and
inhibition of cell death [24].

S1P Signaling Regulates Endothelial Integrity Function

S1P/S1PR1-Mediated Signaling Enhances Endothelial
Integrity

S1P was shown to stimulate cytoskeletal rearrangement [15,
20, 30, 31], activate integrin &, 353 and [3;-containing integrins
[28, 32], and induce AJ formation [3, 15] via the activation of
S1PR1 in ECs. Also, it was reported that zonula occludens-1
(ZO-1) played a dual role in the SIP/S1PR1 signaling-
mediated endothelial chemotaxis and tight junction (TJ) for-
mation [30]. Interestingly, two distinct ZO-1 complexes were
characterized to regulate two different endothelial activities
following S1P stimulation, namely ZO-1/cortactin complexes
to regulate chemotactic response and ZO-1/-catenin com-
plexes to regulate endothelial barrier integrity. This observa-
tion suggested that the concerted operation of these two ZO-1
complexes may coordinate two important S1P-mediated func-
tions (i.e., migration and barrier integrity) in vascular endo-
thelial cells. These S1P-regulated endothelial activities were
mainly mediated by the Rho family of small GTPases [3, 15,
20, 28, 30-32]. Because SIP/SI1PR1 signaling regulated cy-
toskeletal architectures, integrin-extracellular matrix interac-
tions, and intercellular interactions in ECs, it was reasonably
to expect that SIP should modulate endothelial integrity
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function. Indeed, Dr. Garcia’s group showed for the first time
that the activation of S1IP/S1PR1 signaling profoundly en-
hanced barrier integrity in cultured ECs [22]. By utilizing
the electrical cell-substrate impedance sensing (ECIS) tech-
nique, they showed that a robust increase of transendothelial
electrical resistance (TEER) was observed immediately after
S1P treatment in cultured ECs, suggesting that S1P was able
to enhance endothelial barrier function. Also, we showed that
the S1P-increased barrier integrity was sustained for more
than 6-10 h after S1P treatment and thus was not a transient
event. The S1P-enhanced TEER was markedly abrogated in
S1PR1-knockdown ECs and was mediated by the endothelial
Gi/PI;K/Akt/Rac signaling pathway [30]. The role of S1P/
S1PR1 signaling in maintaining endothelial integrity function
was further supported by the observation that FTY720P treat-
ment, which induced S1PR1 internalization and degradation,
stimulated vascular leakage in animals [33].

Balance of S1IPR1- and S1PR2-Mediated Signaling Controls
Microvascular Permeability in Animals

Research data strongly indicated that S1P treatment enhanced
endothelial integrity in cultured ECs via the activation of
S1PR1 signaling. However, how vascular permeability is
modulated in normal physiological setting remained to be
characterized. Therefore, the vessel leakage model in Sprague
Dawley (SD) rat was employed to examine the physiological
effect of S1P in the regulation of vascular permeability [34].
FITC-tagged BSA was injected via the carotid artery, together
with S1P or vehicle control. Ten minutes later, vessel leakage
was induced by treating the surgically exposed cremaster mus-
cle vessel with histamine. Interstitial fluorescence in the vas-
cular bed of the cremaster muscle (an indicator of blood vessel
leakage) was quantitated. Surprisingly, it was shown that S1P
was unable to protect against histamine-induced venular leak-
age [34]. Both S1PR1 and S1PR2 were detected in the endo-
thelium of the cremaster muscle vascular bed. SIPR2 was
suggested to mediate the “inhibitory” signaling of S1P [35].
Therefore, antagonists and agonists specific for SIPRs were
used to examine roles of SIPR1 and S1PR2 in modulating
vascular permeability. Treatments of SEW2871 and
FTY720, two agonists of SIPR1, significantly inhibited
histamine-induced microvascular leakage. Also, treatment
with VPC 23019 to antagonize S1PR1-regulated signaling
greatly potentiated histamine-induced venular leakage. More-
over, after inhibition of S1IPR2 signaling by JTE-013, a spe-
cific antagonist of SIPR2, S1P was able to protect microvas-
cular permeability in SD rats. Furthermore, in cultured ECs,
endothelial tight junctions and barrier function were regulated
by S1PR1- and S1PR2-mediated signaling in a concerted
manner that is similar to the observed regulation of vessel
leakage in animals [34]. In agreement, it was shown that acti-
vation of SIPR2 in cultured ECs disrupted endothelial

adherens junctions and increased paracellular permeability in
cultured ECs, and inhibition of SIPR2 diminished the H,O5-
induced permeability in the rat lung perfused model [36].
These data together suggested that the balance between
S1PR1 and S1PR2 signaling regulates the homeostasis of mi-
crovascular permeability in the peripheral circulation.

S1PR2 in Endothelial Senescence-Associated Functional
Impairments and Inflammation

Up-regulation of SIPR2 in Senescent, Aged,
and Atherosclerotic ECs

ECs have a finite lifespan in vitro and eventually enter a growth
arrest state called “senescence.” Evidence suggests that endo-
thelial senescence is functionally implicated in vascular aging
and associated cardiovascular dysfunctions including inflam-
mation [16, 37-39, 40e¢]. Using the in vitro endothelial model,
it was shown that SIPR2 receptors, which are expressed at low
levels in young ECs, are significantly increased in senescent
ECs [16]. The endothelial activities, including chemotaxis,
wound-healing response, Rac activation, and morphogenesis,
were markedly diminished in senescent ECs. Ectopically ex-
pressing S1PR2 in young ECs to a level which is similar to that
in senescent ECs induced the senescence-associated endotheli-
al impairments [16]. In contrast, the senescence-associated en-
dothelial impairments were abrogated by knocking-down
S1PR2 in senescent ECs. It was demonstrated that atheroscle-
rotic endothelia exhibit senescence phenotype [38, 41]. The
patho-physiological relevance of SIPR2 up-regulation in cul-
tured senescent ECs was supported by the following observa-
tions: (1) Levels of SIPR2 were found to be markedly in-
creased in lesion regions of atherosclerotic endothelium [16],
and (2) SIPR2 levels were shown to be profoundly increased in
the aorta from aged animals. These data suggest that SIPR2
signaling, particularly in the context of endothelium, plays a
critical role in endothelial senescence-associated functional im-
pairments and inflammation. Skoura et al. demonstrated that
S1PR2 function in myeloid cells regulates vascular inflamma-
tion and atherosclerosis [42¢¢]. However, whether endothelial
S1PR2 signaling contributes to vascular pathologies remains to
be investigated in animals.

Atherogenic Stimuli Increase SIPR2 Levels in ECs

(a) Pro-inflammatory cytokine increases S1PR2 in ECs.
S1PR2 was shown to be significantly up-regulated in
the atherosclerotic endothelium. Because atherosclerosis
is an inflammatory vascular disease, a recent study ex-
amined the role of SIPR2 signaling in endothelial in-
flammation [23+]. Treatment with tumor necrosis
factor-oc (TNF«, a pro-inflammatory cytokine) increased
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levels of SIPR2 in cultured human aortic ECs (HAECs).
TNF« treatment also enhanced sphingosine kinase 1 ex-
pression and increased S1P production in HAECs. Phar-
macological inhibition or knockdown of S1PR2 pro-
foundly abrogated the TNFo-induced endothelial activa-
tion including the increased expression of vascular cell
adhesion molecule 1 (VCAM-1) and intercellular adhe-
sion molecule 1 (ICAM-1) in ECs. In contrast, pharma-
cological inhibition or knockdown of other S1P receptor
subtypes (i.e., SIPR1 and S1PR3) had no effect on the
TNF«-stimulated ICAM-1 and VCAM-1 expression.
Moreover, ectopic expression of SIPR2 increased
VCAM-1 and ICAM-1 expression in ECs following the
stimulation of S1P [23]. Utilizing the reporter luciferase
assay, it was shown that the SIP/S1PR2 signaling stim-
ulated NFkB activation in ECs. Pharmacological inhibi-
tion of SIPR2 signaling markedly inhibited the TNF«-
stimulated NFkB activation. Moreover, the S1P/S1PR2-
stimulated VCAM-1/ICAM-1 expression was complete-
ly abolished by the pharmacological inhibitor of NF«B.
Collectively, these data suggest that proinflammatory cy-
tokine treatment activates the autocrine S1P/S1PR2 sig-
naling, which subsequently activates NFkB and leads to
endothelial activation by up-regulating VCAM-1 and
ICAM-1 expression.
(b) Disturbed flow up-regulates SIPR2 in ECs.

Atherosclerotic lesions develop at bends and bifurca-
tions in arteries where the fluid flow behavior can be
characterized as “disturbed flow” (low shear stress oscil-
latory flow) [43, 44]. Dr. Sethu recently developed an
enabling technology in the Endothelial Cell Culture
Model (ECCM) which provides the most physiologically
relevant platform for short- and long-term culture of ECs
as it accurately reproduces clinically observed pulsatile
pressure, flow, and stretch waveforms [45-47].

Role of sphingolipid signaling in flow stress-
regulated endothelial patho-physiological responses is
poorly understood. To examine whether S1P signaling
regulates the disturbed flow stress-mediated endothelial
dysfunction, HAECs were cultured within the ECCM
and subject to either normal pulsatile or disturbed/
retrograde flow for 12 h. HAECs cultured in static con-
dition were used as a control. qPCR and flow cytometry
analysis showed a significant increase of SIPR2 in ECs
subjected to disturbed flow (unpublished observation).
Levels of S1IPR1 and S1PR3 were not altered in dis-
turbed flow condition, and SIPR4 and S1PR5 were un-
detected. Also, qPCR analysis showed a significant in-
crease of endothelial pro-inflammatory markers includ-
ing ICAM-1 in cells exposed to disturbed flow in com-
parison to cells exposed to normal and static conditions.
Using siRNA to knockdown S1PR2 significantly dimin-
ished the disturbed flow-stimulated ICAM-1 expression
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in HAECs. These data suggest that mechanical flow
stress activates endothelial S1PR2 signaling, which plays
a critical role in disturbed flow stress-triggered endothe-
lial activation.

S1PR2-Mediated Signaling Pathways in Endothelial
Inflammation

Endothelial SIPR2 Signaling Stimulates Expression
of CCL-2, IL-6, and Cox-2

To investigate molecular details of endothelial S1PR2 signal-
ing which may functionally regulate pro-inflammatory re-
sponses in ECs, young ECs (cumulative population doubling
levels, CPDLs=10) were transduced with 100 m.o.i. of ade-
noviral particles carrying either SIPR2 or control (3-
galactosidase) vector. This transduction scheme resulted in
levels of SIPR2 in young ECs which are equivalent to that
in senescent ECs [16]. The expression of S1PR2 was validat-
ed by qPCR (data not shown). Following stimulating with or
without S1P, levels of pro-inflammatory signaling molecules
were measure by qPCR quantitation. We observed that mRNA
and protein levels of pro-inflammatory chemokines/cytokines
including chemokine (C-C motif) ligand 2 (CCL2)/monocyte
chemotactic protein 1 (MCP1) and interleukin-6 (IL-6) were
significantly increased in ECs ectopically expressing SIPR2
(Fig. 1). Recruitment and infiltration of monocytes plays a
critical role in the initiation and progression of pro-
inflammatory responses, and CCL-2/MCP-1 is known to be
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Q 40
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Adeno: ctrl S1PR2

Fig. 1 S1PR2 signaling increases levels of Cox-2, IL-6, and MCP-1 in
ECs. a Levels of Cox-1, Cox-2, IL-6, and MCP-1 were measured by
gqPCR in ECs transduced with adenoviral control or SIPR2 vector, fol-
lowing S1P stimulation. Note that SIPR2 signaling up-regulates Cox-2,
IL-6, and MCP-1. In contrast, SIPR2 signaling has no effect on Cox-1
expression. b Western blotting analysis shows that Cox-2, IL-6, and
MCP-1 proteins are increased in ECs transduced with adenoviral-
S1PR2 followed by S1P stimulation
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a potent chemoattractant of monocytes. Therefore, endothelial
S1PR2 activation not only increases the generation of mono-
cyte chemoattractant (CCL-2) but also up-regulates the ex-
pression of adhesion molecules (e.g., ICAM-1 and VCAM-
1) for monocyte attachment. Moreover, accumulating data
suggest that IL-6, a target of NFkB, is an upstream inflamma-
tory cytokine that plays a central role in amplifying the down-
stream inflammatory signaling (e.g., signal transducers and
activators of transcription 3, STAT3) [48-50]. Furthermore,
we found that endothelial SIPR2 signaling profoundly up-
regulates mRNA and protein levels of cyclooxygenase-2
(Cox-2) (Fig. 1). The Cox-2-generated prostaglandins and
the downstream eicosanoids and docosanoids (e.g., thrombox-
ane, leukotrienes, resolvins, protectins, lipoxins etc.) play crit-
ical roles in inflammation. Collectively, these data highlight
that endothelial SIPR2 signaling plays a key role in mediating
endothelial inflammation.

Endothelial STPR2 Signaling Stimulates Sphingolipid
Biosynthesis

Atherosclerosis is a pro-inflammatory disease of vessel wall
[51]. ECs present in atherosclerotic plaques are senescence
[38, 41]. Also, senescent EC-mediated pro-inflammatory re-
sponses have been suggested to contribute to atherogenesis
[37, 39]. However, atherosclerotic/senescent ECs-triggered
endothelial pro-inflammatory responses, particularly in the
context of pro-inflammatory lipid mediators, remain to be
characterized. Several studies, as discussed above, suggest
the critical role of endothelial S1PR2 signaling in endothelial
inflammation and atherogenesis. Therefore, characterization
of endothelial SIPR2-produced inflammatory lipid mediators
is expected to greatly advance our knowledge in understand-
ing endothelial inflammation.

Lipid mediators play important roles in inflammatory re-
sponses. However, what lipid mediators generated by inflamed
ECs and what patho-physiological functions of these lipid me-
diators are poorly understood. Therefore, we conducted the
LC-MS/MS lipidomic methods to characterize bioactive lipids
generated by S1PR2 signaling in ECs. Our initial effort was
focused on sphingolipids, since sphingolipids have been shown
to regulate various physiological responses including inflam-
mation. We have established very sensitive targeted multiple
reaction monitoring (MRM) LC-MS/MS methods to quantify
more than 50 species of sphingolipids, including different
lengths and levels of saturation of acy fatty acid side chains
[23e, 52¢, 53]. This sensitive method can detect 50-200 pg of
lipids on the column, depending on the analyte.

Young HAECs were transduced with adenoviral particles
carrying either SIPR2 or control (3-galactosidase vector. Cul-
ture media were collected 3 h in the presence or absence of
S1P stimulation and measured for sphingolipids by LC-MS/
MS methods (Fig. 2a). We observed that sphingosine (SPH),

dihydrosphingosine (DiH-SPH), C16-ceramide (C16-Cer),
Cl6-ceramide-1-phosphate (C16-C1P), dihydroceramide
(DiH-Cer), and most sphingomyelin (SPM) species were sig-
nificantly increased in SIPR2 expressing cells following S1P
treatment. Levels of ceramide species secreted by S1PR2-
expressing ECs are low (0.1-3 ng/10° cells). However, they
were significantly increased (ranging from two- to six-folds)
in S1PR2-expressing ECs after S1P stimulation (Fig. 2a). No
significant difference in sphingolipid levels was observed in
control adeno-[3-galactosidase-transduced ECs treated with or
without S1P (data not shown). Moreover, we characterized
sphingolipid species in plasma of C56BL/6 mice fed with
normal chow or an atherogenic diet (Harlan, TD88051) [54].
As shown in Fig. 2b, consistent with the elevated
sphingolipidome in S1PR2-activated ECs in vitro, the same
class of sphingolipids was significantly increased in plasma of
atherogenic diet-fed mice. Although sources of these plasma
sphingolipids in atherogenic diet-fed animals remain to be
determined, these data suggest that these elevated
sphingolipids may represent a novel signature of pro-
inflammatory lipid mediators associated with inflamed ECs.
Because S1PR2 are up-regulated in senescent, atherosclerotic,
and inflamed endothelia [16, 23¢], these S1PR2-increased
sphingolipids may have critical roles in vascular inflammation
and atherogenesis.

DiH-SPH, SPH, C16-C1P, DiH-Cer, C1P, Cer, and SPM
are metabolites of the de novo sphingolipid biosynthetic path-
way [55, 56], which is initiated by serine palmitoyltransferase
(SPT) that synthesizes 3-ketosphinganine from L-serine and
palmitoyl CoA [57, 58]. Subsequently, 3-ketosphiganine is
converted to DiH-SPH, DiH-Cer, CI1P, etc., via reactions cat-
alyzed by a series of enzymes [55]. Although molecular de-
tails remain to be determined, our data suggest that endothelial
S1PR2 signaling stimulates sphingolipid biosynthesis, which
might be mediated by the activation of de novo sphingolipid
biosynthetic pathway in inflamed ECs.

Next, we investigated roles of these sphingolipids in endo-
thelial activation and inflammation. As shown in Fig. 2¢c, DiH-
S1P, SPM, and Cer increased levels of endothelial ICAM-1,
and DiH-S1P, DiH-SPH, SPM, and Cer induced expression of
endothelial VCAM-1 in HAECs. Collectively, these results
suggest that endothelial S1PR2 signaling stimulates
sphingolipid biosynthesis which may be mediated by the acti-
vation of sphingolipid biosynthetic pathway. Subsequently, the-
se S1PR2 signaling-generated sphingolipids trigger endothelial
activation and inflammation via an autocrine reaction loop.

Conclusion
Endothelial inflammation plays a key role in mediating vas-

cular disease such as atherosclerosis. Atherosclerosis, a chron-
ic inflammatory process, is the primary cause of
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Fig. 2 S1PR2 signaling increases generation of sphingolipids which
stimulate endothelial activation. a Adeno-S1PR2-transduced ECs were
treated with vehicle or S1P for 3 h. Media were measured for sphingolipid
levels by LC-MS/MS. Data, mean = SD (n=3), show 31 sphingolipids are
significantly increased (p<0.05). b C57BL/6 mice (n=6) were fed with
normal chow or an atherogenic diet for 4 weeks. Plasma levels of

cardiovascular disease and cerebrovascular accident, two of
the most common causes of illness and death worldwide
[59]. Clinically, symptomatic atherosclerosis is typically asso-
ciated with men in their 40s and women in their 50s to 60s.
Inhibitors of HMG-CoA reductase (e.g., statins) have been
used to control hypercholesterolemia and atherosclerosis.
However, benefit of statins is questionable in patients with
elevated cholesterol levels but without previous cardiovascu-
lar diseases [60, 61]. Also, side effects of statins include mus-
cle pain, increased risk of diabetes, and abnormalities in liver
enzyme tests [62]. Additionally, statins have rare but severe
adverse effects, particularly muscle damage [63]. Therefore,
efforts continue to identify novel therapeutic agents.
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sphingolipids were analyzed by LC-MS/MS. Only sphingolipids having
more than 1.5-fold increase and statistically significant (p<0.05, ¢ test) are
shown. ¢ Sphingolipids stimulate ICAM-1 and VCAM-1 expression in
ECs. HAECs were treated with sphingolipids. Levels of ICAM-1 and
VCAM-1 were quantitated by qPCR analysis. Data are mean + SD (n=3)

Levels of SIPR2 are markedly up-regulated in senescent
ECs, as well as in lesion regions of atherosclerotic endotheli-
um. Inflammatory cytokines and mechanical flow stress in-
creased SIPR2 expression in ECs. Inhibition of S1IPR2 sig-
naling profoundly diminished endothelial activation and in-
flammation, whereas activation of endothelial SIPR2 signal-
ing exhibits the opposite effects on ECs. Moreover, activation
of endothelial SIPR2 signaling profoundly produced pro-
inflammatory cytokines/chemokines and lipid mediators. Col-
lectively, these studies strongly suggest that endothelial
S1PR2 signaling plays a key role in endothelial inflammation,
which may have functional implication in atherosclerosis de-
velopment. Thus, targeting endothelial STPR2 may provide an
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intervention point for the treatment of vascular inflammation
and the associated cardiovascular disorders such as atheroscle-
rosis in the future.
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