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Sphingolipids and the Orchestration of
Endothelium-Derived Vasoactive Factors:
When Endothelial Function Demands Greasing

Léon J.A. Spijkers, Astrid E. Alewijnse, and Stephan L.M. Peters*

Vasomotor tone is regulated by a complex interplay of a
variety of extrinsic neurohumoral and intrinsic factors. It is
the endothelium that has a major influence on smooth mu-
scle cell tone via the release of intrinsic vasoactive factors
and is therefore an important regulator of vasomotor tone.
Sphingolipids are an emerging class of lipid mediators with
important physiological properties. In the last two decades it
has not only become increasingly clear that sphingolipid
signaling plays a pivotal role in immune function, but also
its role in the vascular system is now becoming more re-
cognized. In this mini-review we will highlight the possible
cross-talk between sphingolipids and intrinsic vasoactive
factors released by the endothelium. Via this cross-talk
sphingolipids can orchestrate vasomotor tone and may
therefore also be involved in the pathophysiology of disease
states associated with endothelial dysfunction.

Sphingolipids

Over the last decades, much attention has been given to signal
transduction by so called ‘bioactive lipids’. Insight has been
gained in many formerly known signaling pathways, which are
now recognized to utilize lipids as signaling mediators. An impor-
tant group of bioactive lipids are the sphingolipids, firstly de-
scribed by Thudichem in a ‘Treatise on the chemical constitution
of the brain’ in 1884. Full appreciation of the signaling complexity
of these sphingolipids gained excessively only recently. Now, it is
generally accepted that sphingolipids are participating in regula-
tion of, amongst others, cellular growth, differentiation and migra-
tion (for review see Hannun and Obeid, 2008). Virtually all eu-
karyotic cells contain sphingolipids, with sphingomyelin in general
being the most abundant species. Sphingomyelin is an ubiqui-
tous membrane (sphingo)phospholipid that may serve as a sub-
strate for sphingomyelinases (SMase) to generate ceramide.
Three different SMase isoforms have been described in eu-
karyotic cells that differ in optimal pH, namely acid, neutral and
alkaline SMase (Goni and Alonso, 2002). Especially acid and
neutral SMase have been implicated in cardiovascular signaling
(Pavoine and Pecker, 2009) and reside in endosomal/lysosomal
compartments and the ER/golgi/ plasma membrane respectively.

Several factors can activate SMase, of which TNF-a is the most
extensively described factor (Hannun and Obeid, 2008). SMase
activity leads to the removal of the phosphorylcholine head group
from sphingomyelin generating ceramide. Ceramide is implicated
in many biological processes and targets multiple proteins such
as ceramide-activated protein kinases and phosphatases, phos-
pholipase A, specific PKC isotypes (Hannun and Obeid, 2008).
Ceramide can be further transformed by phosphorylation via
ceramide kinase into ceramide-1-phosphate (C1P). C1P genera-
tion has been associated with activation of PI3K/Akt and cytosolic
phospholipase A, and inhibition of protein phosphatase 1 and 2A
and acid SMase (Chalfant and Spiegel, 2005). Next to C1P for-
mation, ceramide can be transformed via glucosylcera-mide
synthase (at the cytosolic membrane of the golgi) or galactosyl-
ceramide synthase (at the luminal membrane of the ER) into
glucosylceramide and galactosylceramide respectively (van Meer
and Holthuis, 2000). Further glycosylation steps form a plethora
of complex sphingolipids, which are implicated in many biological
processes (for review see Merrill et al., 2007). Enzymatic dea-
cylation of ceramide by ceramidase will lead to the generation of
sphingosine which is, like ceramide, also implicated in induction
of apoptosis. Downstream sphingosine targets are, amongst
others, phospholipase D, PKC and cell cycle regulators (Merrill et
al., 1997). Subsequently, sphingosine can be phos-phorylated by
sphingosine kinase (SK) 1 and 2 to yield sphingosine-1-phos-
phate (S1P). SK1 is activated by several factors, such as growth
factors, cytokines, angiotensin Il and acetylcoline, and S1P can
target five G-protein coupled S1P receptors (S1P1.s), of which
mainly S1P:; are expressed in the cardiovascular system
(Alewijnse and Peters, 2008; Brinkmann and Baumruker, 2006;
Mulders et al., 2006; Waeber et al., 2004). Besides S1P receptor
activation, SK activity has been shown to induce receptor-
independent effects (Meyer Zu Heringdorf, 2004), although the
existence of an intracellular target for S1P still needs to be de-
termined. S1P receptor activation has been shown to induce
migration, barrier function alteration regulation and proliferation of
many cell types including vascular cells (for review see Peters
and Alewijnse, 2007). Thus S1P, in contrast to its precursor ce-
ramide and sphingosine, has anti-apoptotic effects. Therefore,
this balanced system is also referred to as the ceramide/S1P
rheostat (Edsall et al., 1998).
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The vascular system

Blood vessels are composed of three distinct layers; the endothe-
lium (intima), a smooth muscle cell layer (media) and a layer
consisting of connective tissue (adventitia). The endothelial cells
comprising the endothelium are the primary contact points of the
vessels with circulating blood and orchestrate a plethora of
vascular functions including vascular tone regulation (Vanhoutte,
2003). The underlying smooth muscle cell layer is responsible
for the execution of vasomotor tone changes, but also supports
the vascular integrity. Besides extrinsic neurohumoral factors,
vascular tone is maintained by a delicately balanced release of
endothelium-derived relaxing factors (i.e. nitric oxide, prostacyclin
and endothelium-derived hyperpolarizing factor) and contractile
factors (i.e. thromboxane A; and endothelin-1) (Vanhoutte, 2003).

In this minireview we will concisely address a possible inter-
play of sphingolipids with these endothelium-derived vasoactive
substances. It is not the purpose to give an in depth review of
the available data, but to highlight some examples indicating
that sphingolipids may play an orchestrating role in endothe-
lium-dependent regulation of vasomotor tone.

Nitric oxide

Nitric oxide (NO), either produced by endothelial or smooth
muscle cells, diffuses homogenously and non-directed upon
production and can readily pass cellular membranes independ-
ent of cellular transport mechanisms (Ignarro, 2002). NO acti-
vates soluble guanylyl cyclase in the smooth muscle cell, which
leads to cGMP formation and ultimately to dephosphorylation of
myosin light chain and vascular relaxation. The production of
the endothelial NO is mediated by endothelial nitric oxide syn-
thase (eNOS), which resides in inactivated form at caveolae
(Maniatis et al., 2006). Caveolae are flask-like invaginations of
the plasma membranes of the endothelial and other cells.
These specialized membrane microdomains are enriched in
cholesterol, sphingolipids (sphingomyelin and glycosphingolip-
ids) and phosphatidylinositol (Hope and Pike, 1996; Liu and
Schnitzer, 1999; Liu et al., 1997) and harbor many other mole-
cules (for review see Anderson, 1998) such as the structural
component caveolin. This composition forms a rigid surface
grouping several proteins like nSMase, G-protein coupled re-
ceptors including S1P receptors, and second messenger pro-
teins like adenylyl cyclase and eNOS (Czarny et al., 2003;
Igarashi and Michel, 2000; Rizzo et al., 1998). eNOS activity is

Fig. 1. Schematic representation of the mo-
dulation of eNOS activity by sphingolipids.
See main text for details. EC, endothelial cell;
SM, sphingomyelin; Cer, ceramide; Sph,
sphingosine; S1P, sphingosine-1-phosphate;
S1Pg, S1P receptor; PP2A, protein phos-
phatase 2A; eNOS, endothelial nitric oxide
synthase; NO, nitric oxide; PI3K, phospho-
inositide 3 kinase; Akt, protein kinase B.

influenced by Ca®*-calmodulin interaction and post-translational
modification of which phosphorylation by the PI3K/Akt pathway is
well described (Maniatis, Brovkovych et al., 2006). Caveolin-1 is
able to bind the calmodulin binding-domain of eNOS, thereby
inhibiting Ca®*-induced NO production. Sphingolipids have been
implicated in regulation of eNOS activity, both under healthy and
pathological conditions. Sphingosine-1-phosphate signaling is
generally accepted to activate eNOS via S1P; and S1P; receptor
signaling (Igarashi and Michel, 2000; Nofer et al., 2004). This
activation is either by PI3K activation resulting in eNOS phos-
phorylation, or elevation of intracellular Ca®* concentrations grant-
ing Ca**-calmodulin interaction with eNOS (for overview see Fig.
1). S1P has also been shown to mediate cytosolic calcium eleva-
tion receptor-independently (Meyer Zu Heringdorf, 2004), how-
ever the precise mechanism behind this remains elusive.

The role of ceramide in eNOS regulation is more complex as
both activation as well as inhibition of eNOS by ceramide has
been reported. Ceramide can activate eNOS via mostly calcium-
independent mechanisms. Inhibition can be established via ce-
ramide-activated protein phosphatase 2A activation that dephos-
phorylates eNOS and thus reduces NOS activity (Igarashi et al.,
1999a; Smith et al., 2006; Xiao-Yun et al., 2009) (see Fig. 1).
Shear stress-induced NO production in BAECs appeared to be
mediated by ceramide produced by nSMase activity due to puta-
tive mechanosensing properties (Czamy and Schnitzer, 2004).
Neutral SMase activity generated, and exogenously applied ce-
ramide in these cells, activated the PI3K/Akt pathway but whether
this was due to ceramide itself or further metabolization of cera-
mide to S1P was not addressed.

Next to the effects of ceramide on NO bioavailability, lactosyl-
ceramide which is a glycosylated form of ceramide, inhibited
eNOS mRNA expression in HCAECs (Bismuth et al., 2009),
thereby affecting NO bioavailability in a negative manner. Since
eNOS activity is highly dependent on its cellular localization,
sphingolipid metabolism may also affect eNOS activity by altera-
tions in membrane lipid composition and affect membrane micro-
domains. Thus sphingolipids can, via multiple mechanisms fine-
tune or orchestrate eNOS activity in the endothelium.

Endothelium-derived hyperpolarizing factor

Although NO-mediated vasodilation is a major feature of large
conduit arteries and depends on cGMP formation, smooth
muscle cell membrane hyperpolarisation appeared also to be
part of the NO-induced relaxation (Feletou and Vanhoutte, 2007).
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Since many relaxating substances, released from the endothe-
lium, mediate smooth muscle cell hyperpolarisation, this proc-
ess is regarded as an additional major pathway for relaxation
induced by substances collectively termed endothelium-derived
hyperpolarizing factors (EDHF). Candidate EDHFs are several
arachidonic acid metabolites, radicals and peptides and mainly
involve direct and indirect influence on potassium channel and
consequently calcium channel ‘open probability’ (Feletou and
Vanhoutte, 2007). The role of sphingolipids in EDHF signaling
has been studied only sparsely. Research from our laboratory
showed that in rat mesenteric arteries, inhibition of sphingosine
kinase resulted in augmented EDHF-mediated relaxation after
Ms receptor stimulation, suggesting an inhibitory role of S1P on
EDHF signaling (Mulders et al., 2009). Furthermore, there are
indications that potassium channel activity, which is involved in
EDHF signaling, is under direct influence of the surrounding
membrane composition. Although small and intermediate con-
ductance K* channels are highly expressed in endothelial cells
(Crane et al., 2003), large conductance Ca®" activated K*
channels (BKc.) which are involved in EDHF signaling (Hilgers
et al., 2006), are highly expressed on the vascular smooth mus-
cle cells (Dimitropoulou et al., 2001). In an artificial membrane
setup, BKc. open-probability was prolonged when situated in
increasingly thicker membrane domains, rich in sphingomyelin
(Yuan et al., 2007) as found in e.g. caveolar structures. This find-
ing was further substantiated by Kim et al., which indicated stimu-
lation of BKc, activity after S1P addition in HUVECs, which was
S1P receptor - and calcium-independent (Kim et al., 2006). How-
ever, it is important to note the low expression level, if present at
all under physiological conditions, of BKc, in endothelial cells
(Sandow and Grayson, 2009). Whether small and intermediate
Kca channels are affected by lateral migration to or from specific
membrane micro domains similarly to BKc,, thus possibly altering
EDHF signaling, remains to be determined.

Prostanoids

Prostanoids are well known endothelium-derived vasoactive
compounds. While prostacyclin (PGl,, a product of prostacyclin
synthase) has mainly dilatory actions in the vasculature, pros-
taglandin E, (PGE_, produced by prostaglandin synthases) and
thromboxane A, (TXAz, produced by thromboxane synthase)
are potent vasoconstrictors. These endothelium-derived pro-
stanoids, act on different receptors on the smooth muscle cells
of the vessel: PGl stimulates Gs-coupled IP receptors, TXA;

Fig. 2. Schematic representation of the
cross-talk between the eicosanoid system
and sphingolipids. See main text for details.
EC, endothelial cell; SM, sphingomyelin; Cer,
ceramide; Sph, sphingosine; S1P, sphingos-
ine-1-phosphate; S1Pg, S1P receptor; C1P,
ceramide-1-phosphate; PLA,, phopholipase
As; PL, phospholipid; AA, arachidonic acid;
COX, cyclooxygenase; PGH,, prostaglandin
Hp; PGE,, prostaglandin Ey; PGl,, prostacy-
clin; TXA,, thromboxane A,.

Gg-coupled TP receptors and PGE, stimulates EP receptors
that couple to different G-proteins. The precursor for all these
prostanoids is PGH, synthesized from arachidonic acid by
cyclooxygenases. The main source of arachidonic acid in its
turn is the breakdown of membrane phospholipids by phosphol-
ipase A; (PLAy). Endothelial cells express different isoforms of
PLA; including cytosolic PLA; (cPLA,), secreted PLA; (sPLA)
and calcium-independent PLA, (iPLA,). Several sphingolipids
have been show to modulate arachidonic acid metabolism and
thereby they can, at least in theory, orchestrate endothelium-
dependent vasomotion. Both, ceramide and ceramide-1-pho-
sphate have been reported to activate cPLA, (Huwiler et al.,
2001; Nakamura et al., 2006; Pettus et al., 2004; Sato et al.,
1999; Stahelin et al., 2007). It was shown that ceramide modu-
lates cPLA; activity by a direct interaction with the CalB (cal-
cium-dependent phospholipid binding) domain of the enzyme,
which facilitates membrane docking (Huwiler et al., 2001). In a
similar fashion, C1P has been suggested to increase the mem-
brane association of cPLA; in vitro via a site in the cationic
beta-groove of the C2 domain (Stahelin et al., 2007).

Sphingomyelin has inhibitory actions on both cPLA; and
sPLA; (Koumanov et al., 1997; Nakamura et al., 2009; Singh et
al., 2007). Sphingomyelin most likely decreases PLA, activity
by inhibiting its binding to membrane-associated phosphatidy-
linositol bisphosphate, thereby promoting membrane dissocia-
tion of cPLA, (Nakamura et al., 2009).

Thus activation of sphingomyelinase will lead to an activation
of cPLA; firstly because of a decrease in inhibitory sphingomye-
lin, and secondly by the generation of of the PLA, activator
ceramide. Further metabolization of ceramide to sphingosine
will again lower cPLA; activity because of the inhibiting activity
of sphingosine on cPLA, (Nakamura et al., 2004) (for overview
see Fig. 2). Arachidonic acid that is released by PLA; activity has
been shown in several cellular systems to stimulate sphingomye-
linase activity (Chan et al., 1998; Jayadev et al., 1994; Robinson
et al., 1997; Visnjic et al., 1997), thus providing a positive feed-
back loop.

Sphingolipids also interact with the eicosanoid system at a
transcriptional level. For instance, ceramide may increase cPLA,
expression (Hayakawa et al., 1996) and S1P is an inducer of
COX-2 expression (Pettus et al., 2003; 2005). The latter is medi-
ated most likely via a S1P receptor, Gouz, and NF-kB-dependent
mechanism (Ki et al., 2007; Nodai et al., 2007). Therefore, also
this sphingomyelin breakdown system may act as a positive
feedback loop; S1P increases expression of COX-2 whereas its
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Fig. 3. Schematic representation of the pos-
sible regulation of Weibel-Palade body exocy-
tosis by sphingolipids. EC, endothelial cell;
SM, sphingomyelin; Cer, ceramide; Sph,
sphingosine; S1P, sphingosine-1phosphate;

ET-1

precursor ceramide and ceramide-1-phosphate increase sub-
strate delivery via activation of cPLA; (Pettus et al., 2005).

To what extend the aforementioned effects of sphingolipids
on arachidonic acid metabolism take place in the endothelium,
still needs to be determined. As indicated, there are several
ways by which, at least in theory, sphingolipids may orchestrate
the production of dilatory and contractile prostanoids.

Endothelin-1

Endothelin-1 is a potent vasoconstrictor peptide released by the
endothelium and is synthesized from a precursor (big-endo-
thelin-1) by the activity of endothelin converting enzyme. Endo-
thelin-1 signals through activation of two specific G-protein-
coupled receptors termed ETa and ETg. These receptors are
expressed in a variety of tissues. In the vasculature, smooth
muscle cells express both ETa and ETg receptors, whereas the
endothelium mainly expresses ETg receptors [only rat and hu-
man brain endothelial cells are suggested to express ETa recep-
tors (Dehouck et al., 1997)]. The contractile responses to endo-
thelin-1 are mediated via the ETa receptors on the smooth mus-
cle cells. Only very limited information is available on how sphin-
golipids are involved in, or can modulate, endothelin-1 signalling.
ETs receptor stimulation in neuronal tissue has been shown to
increase ceramide levels via sphingomyelin and glycosphingol-
ipid metabolism (Catalan et al., 1996). ETa receptor-mediated
activation of sphingosine kinase is reported to be involved in
myometrial contraction (Leiber et al., 2007). In the bovine brain
microvasculature, endothelin-1 is reported to increase ceramide
levels via an ETa dependent mechanism, but the functional impli-
cation of this pathway is not established yet (Collado et al., 2003).
Information on interactions between the endothelin and sphingol-
ipid systems in the endothelium are lacking so far.

However, sphingolipids can to a certain extent regulate the
release of endothelin-1 from endothelial cells. Endothelial cells
contain unique organelles first described in 1964 by Weibel and
Palade as “rod-shaped cytoplasmic components, which consist
of a bundle of fine tubules” (Weibel and Palade, 1964). These
Weibel-Palade bodies (WPB) contain a variety of factors that
are involved in coagulation (von Willebrand Factor, factor XIlIA
and Tissue Plasminogen Factor), inflammation (interleukin-8,
eotaxin, p-selectin) and also vasomotion since these structures
also contain endothelin-1, endothelin converting enzyme and

S1Pg, S1P receptor; AC, adenylyl cyclase;
eNOS, endothelial nitric oxide synthase; NO,
nitric oxide; PI3K, phosphoinositide 3 kinase;
Akt, protein kinase B.

calcitonin gene-related peptide. The release of endothelin-1
from the endothelium is accomplished through both constitutive
and regulated pathways, in which the latter is achieved by a
rapid release from WPBs. These WPBs can release their con-
tent by exocytosis upon agonist stimulation. Several agonists
are known to induce exocytosis of WPBs by stimulating Gg- or
Gs-coupled receptors, inducing a rise in intracellular Ca®* or
cAMP respectively. For instance, thrombin and histamine en-
hance exocytosis by stimulating G4-coupled receptors, whereas
adrenaline and vasopressin achieve this by stimulating Gs-
coupled receptors. Also growth factor receptors such as the
vascular endothelial growth factor (VEGF) receptor 2 can
stimulate WPB exocytosis by Ca®* and cAMP-dependent re-
sponses (Goligorsky et al., 2009; Rondaij et al., 2006). S1P
receptors can increase intracellular calcium via both Gi- and Gg-
dependent mechanisms. In addition, due to their Gi-coupling
they also will lower cAMP levels and because of these proper-
ties S1P receptor stimulation could potentially affect WPB exo-
cytosis. Indeed, stimulation of human aortic endothelial cells
with S1P triggers WPB exocytosis in a concentration depend-
ent manner (Matsushita et al., 2004). Interestingly, this re-
sponse proved to be pertussis toxin sensitive indicating Gi-
dependent responses. The fact that a phospholipase C inhibitor
inhibited, and calcium-free medium prevented S1P-stimulated
exocytosis of WPBs, suggests that S1P via stimulation of G-
coupled receptors most likely via the B/y subunits of the Gi-
protein, activates phospholipase C and subsequent calcium
increases. As described before, S1P; and S1P5 receptors can
activate the PI3K/Akt pathway in endothelial cells that, via
phosphorylation of eNOS, increases NO production. In the
report by Matsushita, PI3K inhibition potentiated WPB exocyto-
sis which was associated with decreased eNOS phosphoryla-
tion and concomitant lower NO production. The same group
had shown before that NO inhibits exocytosis via S-nitrosylation
of N-ethylmaleimide-sensitive factor, a protein that plays a role
in membrane fusion (Matsushita et al., 2003). Because of the
aforementioned, it was concluded that S1P has opposing ef-
fects on WPB exocytosis; by stimulating calcium signalling
exocytosis is triggered, while eNOS activation by S1P has the
opposing effect, possibly as a sort of negative feedback loop. In
addition, it remains unanswered which receptor subtype medi-
ates the observed responses since all three S1P receptors
normally expressed in endothelial cells are G; coupled and both
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Fig. 4. Schematic representation of how sphingolipid
metabolism may influence vasomotor tone by modu-
lating the release of vasoactive substances from the
endothelium. Alterations in this system may contrib-
ute in the etiology and/or pathophysiology of endo-
thelial dysfunction. EC, endothelial cell; VSMC, vas-
cular smooth muscle cell; NO, nitric oxide, EDHF,
endothelium-derived hyperpolarizing factor; PGl,,
prostacyclin; TXA,, thromboxane A, ET-1, endo-
thelin-1.
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S1P; and S1P; receptors are known to activate the PI3K/Akt
pathway (Peters and Alewijnse, 2007).

As discussed before, also ceramide can induce calcium
signalling and modulate eNOS activity in endothelial cells. The
same group that reported the effects of S1P on WPB exocyto-
sis showed that also exogenously applied as well as endoge-
nously generated ceramide increases exocytosis (Bhatia et al.,
2004). In this report the authors show that, in contrast to the
S1P-mediated effects, exocytosis induced by ceramide is inhib-
ited by intracellular calcium chelation and is not affected by
extracellular calcium depletion. Therefore it was suggested that
ceramide by releasing calcium from intracellular stores induces
WPB exocytosis. Inhibition of eNOS increased ceramide-induced
exocytosis, while exogenous NO had an inhibitory action. In
analogy with S1P it could be possible that also ceramide has dual
actions on WPB exocytosis by activating eNOS via calcium in-
creases and/or directly in a calcium-independent manner as has
been demonstrated before (Igarashi et al., 1999b), however, this
was not addressed in this study. Although the effects of cera-
mide are not consistently reported by the same group (Bhatia et
al., 2004; Matsushita et al., 2004), the available data suggest
that WPB exocytosis, and the concomitant release of endothe-
lial cell mediators, is a process that can be tightly regulated by a
delicate balance of ceramide and S1P. WPB exocytosis is also
triggered by several physical stimuli such as hypoxia and radia-
tion (Hallahan and Virudachalam, 1999; Pinsky et al., 1996).
Since ceramide levels are known to increase during hypoxia
and radiation it is tempting to speculate that ceramide may
mediate the increases in exocytosis of WPBs.

The data discussed above implicate that sphingolipids and the
enzymes involved in sphingolipid metabolism, are important
regulators of endothelial function with respect to exocytosis of
coagulation, pro-inflammatory and vasoactive substances (for
overview see Fig. 3). Especially under circumstances of endothe-
lial dysfunction (decreased NO bioavailability), this may explain
the pro-inflammatory and pro contractile effects of sphingosine
kinase activation.

CONCLUSION/ FUTURE PERSPECTIVES

Previous paragraphs clearly indicate that sphingolipids may
interfere with endothelial mediators in multiple ways. They po-
tentially can influence the release of dilatory (NO, PGl, and
EDHF) and contractile (TXAz and endothelin-1) mediators re-
leased from the endothelium, and it is therefore becoming in-
creasingly clear that sphingolipids are regulators of vascular
tone. Several extrinsic and intrinsic factors (e.g. growth factor,
vasoactive substances, shear stress etc.) initiate sphingolipid
signalling by activating sphingolipid-metabolizing enzymes, and
in this way influence vasomotor function (see Fig. 4). However,
many intriguing questions remain unanswered. For instance,
the distribution of cell surface and intracellular sphingolipid
pools has not been addressed in relation to endothelial function.
Several pathways described above have been studied using
exogenously added sphingolipids. Importantly, exogenous
addition of sphingolipids to cell cultures or tissue could obvi-
ously evoke effects that are not derived from the initial sphingol-
ipid but due to metabolic products. For endothelial cells like
HUVECS, sphingolipid-associated enzymes have been found
to be exported and present extracellularly (Ancellin et al., 2002),
contributing to the importance of monitoring overall changes in
sphingolipid species when describing sphingolipid-induced
effects. Furthermore, since endothelial cells are equipped with
specialized membrane compartments such as caveolae and
Weibel-Palade bodies that are build up with sphingolipids, it is
not unlikely that alterations in sphingolipid composition per se
will affect endothelial function. The fact that both, sphingolipids
themselves as well as sphingolipid-metabolizing enzymes are
highly compartmentalized, forms an additional dimension of
regulation has to be addressed in the coming years.

In addition, there is still information lacking about the patho-
physiological role of sphingolipids in disease states associated
with endothelial dysfunction, such as hypertension, diabetes and
atherosclerosis. How do these disease states affect (endothelial)
sphingolipid levels? Is decreased NO-bioavailability associated
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with alterations in sphingolipid biology? Answers to these ques-
tions will most likely also answer the question whether the sphin-
golipid system is an attractive target to restore endothelial func-
tion in these disease states.

REFERENCES

Alewijnse, A.E., and Peters, S.L. (2008). Sphingolipid signalling in
the cardiovascular system: good, bad or both? Eur. J. Pha-
rmacol. 585, 292-302.

Ancellin, N., Colmont, C., Su, J., Li, Q., Mittereder, N., Chae, S.S.,
Stefansson, S., Liau, G., and Hla, T. (2002). Extracellular export
of sphingosine kinase-1 enzyme. Sphingosine 1-phosphate
generation and the induction of angiogenic vascular maturation.
J. Biol. Chem. 277, 6667-6675.

Anderson, R.G. (1998). The caveolae membrane system. Annu.
Rev. Biochem. 67, 199-225.

Bhatia, R., Matsushita, K., Yamakuchi, M., Morrell, C.N., Cao, W.,
and Lowenstein, C.J. (2004). Ceramide triggers Weibel-Palade
body exocytosis. Circ. Res. 95, 319-324.

Bismuth, J., Chai, H., Lin, P.H., Yao, Q., and Chen, C. (2009).
Lactosylceramide causes endothelial dysfunction in porcine
coronary arteries and human coronary artery endothelial cells.
Med. Sci. Monit. 15, BR270-274.

Brinkmann, V., and Baumruker, T. (2006). Pulmonary and vascular
pharmacology of sphingosine 1-phosphate. Curr. Opin.
Pharmacol. 6, 244-250.

Catalan, R.E., Aragones, M.D., Martinez, A.M., and Fernandez, .
(1996). Involvement of sphingolipids in the endothelin-1 signal
transduction mechanism in rat brain. Neurosci. Lett. 220, 121-
124.

Chalfant, C.E., and Spiegel, S. (2005). Sphingosine 1-phosphate
and ceramide 1-phosphate: expanding roles in cell signaling. J.
Cell Sci. 118, 4605-4612.

Chan, T.A., Morin, P.J., Vogelstein, B., and Kinzler, KW. (1998).
Mechanisms underlying nonsteroidal antiinflammatory drug-
mediated apoptosis. Proc. Natl. Acad. Sci. USA 95, 681-686.

Collado, M.P., Latorre, E., Fernandez, |., Aragones, M.D., and
Catalan, R.E. (2003). Brain microvessel endothelin type A
receptors are coupled to ceramide production. Biochem.
Biophys. Res. Commun. 306, 282-285.

Crane, G.J., Gallagher, N., Dora, K.A., and Garland, C.J. (2003).
Small- and intermediate-conductance calcium-activated K+
channels provide different facets of endothelium-dependent
hyperpolarization in rat mesenteric artery. J. Physiol. 553, 183-
189.

Czarny, M., and Schnitzer, J.E. (2004). Neutral sphingomyelinase
inhibitor scyphostatin prevents and ceramide mimics mech-
anotransduction in vascular endothelium. Am. J. Physiol. Heart
Circ. Physiol. 287, H1344-1352.

Czarny, M., Liu, J., Oh, P., and Schnitzer, J.E. (2003). Transient
mechanoactivation of neutral sphingomyelinase in caveolae to
generate ceramide. J. Biol. Chem. 278, 4424-4430.

Dehouck, M.P., Vigne, P., Torpier, G., Breittmayer, J.P., Cecchelli,
R., and Frelin, C. (1997). Endothelin-1 as a mediator of
endothelial cell-pericyte interactions in bovine brain capillaries. J.
Cereb. Blood Flow Metab. 17, 464-469.

Dimitropoulou, C., White, R.E., Fuchs, L., Zhang, H., Catravas, J.D.,
and Carrier, G.O. (2001) Angiotensin Il relaxes microvessels via
the AT(2) receptor and Ca(2+)-activated K(+) (BK(Ca)) channels.
Hypertension 37, 301-307.

Edsall, L.C., Van Brocklyn, J.R., Cuvillier, O., Kleuser, B., and
Spiegel, S. (1998). N,N-Dimethylsphingosine is a potent
competitive inhibitor of sphingosine kinase but not of protein
kinase C: modulation of cellular levels of sphingosine 1-
phosphate and ceramide. Biochemistry 37, 12892-12898.

Feletou, M., and Vanhoutte, P.M. (2007). Endothelium-dependent
hyperpolarizations: past beliefs and present facts. Ann. Med. 39,
495-516.

Goligorsky, M.S., Patschan, D., and Kuo, M.-C. (2009). Weibel-
Palade bodies--sentinels of acute stress. Nat. Rev. Nephrol. 5,
423-426.

Goni, F.M., and Alonso, A. (2002). Sphingomyelinases: enzymology
and membrane activity. FEBS Lett. 531, 38-46.

Hallahan, D.E., and Virudachalam, S. (1999). Accumulation of P-

selectin in the lumen of irradiated blood vessels. Radiat. Res.
152, 6-13.

Hannun, Y.A., and Obeid, L.M. (2008). Principles of bioactive lipid
signalling: lessons from sphingolipids. Nat. Rev. Mol. Cell Biol. 9,
139-150.

Hayakawa, M., Jayadev, S., Tsujimoto, M., Hannun, Y.A., and lto, F.
(1996). Role of ceramide in stimulation of the transcription of
cytosolic phospholipase A2 and cyclooxygenase 2. Biochem.
Biophys. Res. Commun. 220, 681-686.

Hilgers, R.H., Todd, J. Jr., and Webb, R.C. (2006). Regional
heterogeneity in acetylcholine-induced relaxation in rat vascular
bed: role of calcium-activated K+ channels. Am. J. Physiol.
Heart Circ. Physiol. 291, H216-222.

Hope, H.R., and Pike, L.J. (1996). Phosphoinositides and
phosphoinositide-utilizing enzymes in detergent-insoluble lipid
domains. Mol. Biol. Cell 7, 843-851.

Huwiler, A., Johansen, B., Skarstad, A., and Pfeilschifter, J. (2001).
Ceramide binds to the CaLB domain of cytosolic phospholipase
A2 and facilitates its membrane docking and arachidonic acid
release. FASEB J. 15, 7-9.

Igarashi, J., and Michel, T. (2000). Agonist-modulated targeting of the
EDG-1 receptor to plasmalemmal caveolae. eNOS activation by
sphingosine 1-phosphate and the role of caveolin-1 in sphingolipid
signal transduction. J. Biol. Chem. 275, 32363-32370.

Igarashi, J., Thatte, H.S., Prabhakar, P., Golan, D.E., and Michel, T.
(1999a). Calcium-independent activation of endothelial nitric
oxide synthase by ceramide. Proc. Natl. Acad. Sci. USA 96,
12583-12588.

Igarashi, J., Thatte, H.S., Prabhakar, P., Golan, D.E., and Michel, T.
(1999b). Calcium-independent activation of endothelial nitric
oxide synthase by ceramide. Proc. Natl. Acad. Sci. USA 96,
12583-12588.

Ignarro, L.J. (2002). Nitric oxide as a unique signaling molecule in
the vascular system: a historical overview. J. Physiol. Pharmacol.
53,503-514.

Jayadev, S., Linardic, C.M., and Hannun, Y.A. (1994). Identification
of arachidonic acid as a mediator of sphingomyelin hydrolysis in
response to tumor necrosis factor alpha. J. Biol. Chem. 269,
5757-5763.

Ki, S.H., Choi, M.J., Lee, C.H., and Kim, S.G. (2007). Galpha12
specifically regulates COX-2 induction by sphingosine 1-pho-
sphate. Role for JNK-dependent ubiquitination and degradation
of IkappaBalpha. J. Biol. Chem. 282, 1938-1947.

Kim, M.Y., Liang, G.H., Kim, J.A., Kim, Y.J., Oh, S., and Suh, S.H.
(2006). Sphingosine-1-phosphate activates BKCa channels in-
dependently of G protein-coupled receptor in human endothelial
cells. Am J. Physiol. Cell Physiol. 290, C1000-1008.

Koumanov, K., Wolf, C., and Bereziat, G. (1997). Modulation of
human type Il secretory phospholipase A2 by sphingomyelin
and annexin VI. Biochem. J. 326, 227-233.

Leiber, D., Banno, Y., and Tanfin, Z. (2007). Exogenous sphingosine
1-phosphate and sphingosine kinase activated by endothelin-1
induced myometrial contraction through differential mechanisms.
Am. J. Physiol. Cell Physiol. 292, C240-250.

Liu, J., and Schnitzer, J.E. (1999). Analysis of lipids in caveolae.
Methods Mol. Biol. 7116, 61-72.

Liu, J., Oh, P., Homer, T., Rogers, R.A., and Schnitzer, J.E. (1997).
Organized endothelial cell surface signal transduction in caveolae
distinct from glycosylphosphatidylinositol-anchored protein micro-
domains. J. Biol. Chem. 272, 7211-7222.

Maniatis, N.A., Brovkovych, V., Allen, S.E., John, T.A., Shajahan,
A.N., Tiruppathi, C., Vogel, S.M., Skidgel, R.A., Malik, A.B., and
Minshall, R.D. (2006). Novel mechanism of endothelial nitric
oxide synthase activation mediated by caveolae internalization
in endothelial cells. Circ. Res. 99, 870-877.

Matsushita, K., Morrell, C.N., Cambien, B., Yang, S.X., Yamakuchi,
M., Bao, C., Hara, M.R., Quick, R.A., Cao, W., O'Rourke, B., et
al. (2003). Nitric oxide regulates exocytosis by S-nitrosylation of
N-ethylmaleimide-sensitive factor. Cell 115, 139-150.

Matsushita, K., Morrell, C.N., and Lowenstein, C.J. (2004). Sphin-
gosine 1-phosphate activates Weibel-Palade body exocytosis.
Proc. Natl. Acad. Sci. USA 1071, 11483-11487.

Merrill, AH., Jr., Schmelz, E.M., Dillehay, D.L., Spiegel, S.,
Shayman, J.A., Schroeder, J.J., Riley, R.T., Voss, KA., and
Wang, E. (1997). Sphingolipids--the enigmatic lipid class: bio-
chemistry, physiology, and pathophysiology. Toxicol. Appl. Pha-
rmacol. 142, 208-225.



Léon J.A. Spijkers et al. 111

Merrill, A.H., Jr., Wang, M.D., Park, M., and Sullards, M.C. (2007).
(Glyco)sphingolipidology: an amazing challenge and opportunity
for systems biology. Trends Biochem. Sci. 32, 457-468.

Meyer Zu Heringdorf, D. (2004). Lysophospholipid receptor-de-
pendent and -independent calcium signaling. J. Cell Biochem.
92, 937-948.

Mulders, A.C., Hendriks-Balk, M.C., Mathy, M.J., Michel, M.C., Alewi-
jnse, A.E., and Peters, S.L. (2006). Sphingosine kinase-depen-
dent activation of endothelial nitric oxide synthase by angiotensin II.
Arterioscler. Thromb. Vasc. Biol. 26, 2043-2048.

Mulders, A.C., Mathy, M.J., Meyer zu Heringdorf, D., ter Braak, M.,
Haijji, N., Olthof, D.C., Michel, M.C., Alewijnse, A.E., and Peters,
S.L. (2009). Activation of sphingosine kinase by muscarinic
receptors enhances NO-mediated and attenuates EDHF-
mediated vasorelaxation. Basic Res. Cardiol. 104, 50-59.

Nakamura, H., Hirabayashi, T., Someya, A., Shimizu, M., and
Murayama, T. (2004) Inhibition of arachidonic acid release and
cytosolic phospholipase A2 alpha activity by D-erythro-sphingo-
sine. Eur. J. Pharmacol. 484, 9-17.

Nakamura, H., Hirabayashi, T., Shimizu, M., and Murayama, T.
(2006). Ceramide-1-phosphate activates cytosolic phospholipase
A2alpha directly and by PKC pathway. Biochem. Pharmacol. 717,
850-857.

Nakamura, H., Wakita, S., Suganami, A., Tamura, Y., Hanada, K.,
and Murayama, T. (2009). Modulation of the activity of cytosolic
phospholipase A2{alpha} (cPLA2{alpha}) by cellular sphingolipids;
inhibition of cPLA2{alpha} by sphingomyelin. J. Lipid Res. [Epub
ahead of print]

Nodai, A., Machida, T., lzumi, S., Hamaya, Y., Kohno, T., Igarashi,
Y., lizuka, K., Minami, M., and Hirafuji, M. (2007). Sphingosine
1-phosphate induces cyclooxygenase-2 via Ca2+-dependent,
but MAPK-independent mechanism in rat vascular smooth
muscle cells. Life Sci. 80, 1768-1776.

Nofer, J.R., van der Giet, M., Tolle, M., Wolinska, 1., von Wnuck
Lipinski, K., Baba, H.A., Tietge, U.J., Godecke, A., Ishii, 1.,
Kleuser, B., et al. (2004). HDL induces NO-dependent
vasorelaxation via the lysophospholipid receptor S1P3. J. Clin.
Invest. 113, 569-581.

Pavoine, C., and Pecker, F. (2009). Sphingomyelinases: their
regulaton and roles in cardiovascular pathophysiology.
Cardiovasc. Res. 82, 175-183.

Peters, S.L., and Alewijnse, A.E. (2007). Sphingosine-1-phosphate
signaling in the cardiovascular system. Curr. Opin. Pharmacol. 7,
186-192.

Pettus, B.J., Bielawski, J., Porcelli, A.M., Reames, D.L., Johnson,
K.R., Morrow, J., Chalfant, C.E., Obeid, L.M., and Hannun, Y.A.
(2003). The sphingosine kinase 1/sphingosine-1-phosphate
pathway mediates COX-2 induction and PGE2 production in
response to TNF-alpha. FASEB J. 17, 1411-1421.

Pettus, B.J., Bielawska, A., Subramanian, P., Wijesinghe, D.S.,
Maceyka, M., Leslie, C.C., Evans, J.H., Freiberg, J., Roddy, P.,
Hannun, Y.A., et al. (2004). Ceramide 1-phosphate is a direct
activator of cytosolic phospholipase A2. J. Biol. Chem. 279,
11320-11326.

Pettus, B.J., Kitatani, K., Chalfant, C.E., Taha, T.A., Kawamori, T.,
Bielawski, J., Obeid, L.M., and Hannun, Y.A. (2005). The
coordination of prostaglandin E2 production by sphingosine-1-
phosphate and ceramide-1-phosphate. Mol. Pharmacol. 68,
330-335.

Pinsky, D.J., Naka, Y., Liao, H., Oz, M.C., Wagner, D.D., Mayadas,
T.N., Johnson, R.C., Hynes, R.O., Heath, M., Lawson, C.A., et
al. (1996). Hypoxia-induced exocytosis of endothelial cell
Weibel-Palade bodies. A mechanism for rapid neutrophil
recruitment after cardiac preservation. J. Clin. Invest. 97, 493-
500.

Rizzo, V., Mcintosh, D.P., Oh, P., and Schnitzer, J.E. (1998). In situ
flow activates endothelial nitric oxide synthase in luminal
caveolae of endothelium with rapid caveolin dissociation and
calmodulin association. J. Biol. Chem. 273, 34724-34729.

Robinson, B.S., Hii, C.S., Poulos, A., and Ferrante, A. (1997).
Activation of neutral sphingomyelinase in human neutrophils by
polyunsaturated fatty acids. Immunology 91, 274-280.

Rondaij, M.G., Bierings, R., Kragt, A., van Mourik, J.A., and
Voorberg, J. (2006). Dynamics and plasticity of Weibel-Palade
bodies in endothelial cells. Arterioscler. Thromb. Vasc. Biol. 26,
1002-1007.

Sandow, S.L., and Grayson, T.H. (2009). Limits of isolation and
culture: intact vascular endothelium and BKCa. Am. J. Physiol.
Heart Circ. Physiol. 297, H1-7.

Sato, T., Kageura, T., Hashizume, T., Hayama, M., Kitatani, K., and
Akiba, S. (1999). Stimulation by ceramide of phospholipase A2
activation through a mechanism related to the phospholipase C-
initiated signaling pathway in rabbit platelets. J. Biochem. 125,
96-102.

Singh, D.K., Gesquiere, L.R., and Subbaiah, P.V. (2007). Role of
sphingomyelin and ceramide in the regulation of the activity and
fatty acid specificity of group V secretory phospholipase A2.
Arch. Biochem. Biophys. 459, 280-287.

Smith, A.R., Visioli, F., Frei, B., and Hagen, T.M. (2006). Age-related
changes in endothelial nitric oxide synthase phosphorylation and
nitric oxide dependent vasodilation: evidence for a novel mech-
anism involving sphingomyelinase and ceramide-activated pho-
sphatase 2A. Aging Cell 5, 391-400.

Stahelin, R.V., Subramanian, P., Vora, M., Cho, W., and Chalfant,
C.E. (2007). Ceramide-1-phosphate binds group IVA cytosolic
phospholipase a2 via a novel site in the C2 domain. J. Biol.
Chem. 282, 20467-20474.

van Meer, G., and Holthuis, J.C. (2000). Sphingolipid transport in
eukaryotic cells. Biochim. Biophys. Acta 1486, 145-170.

Vanhoutte, P.M. (2003). Endothelial control of vasomotor function:
from health to coronary disease. Circ. J. 67, 572-575.

Visnjic, D., Batinic, D., and Banfic, H. (1997) Arachidonic acid
mediates interferon-gamma-induced sphingomyelin hydrolysis
and monocytic marker expression in HL-60 cell line. Blood 89, 81-
91.

Waeber, C., Blondeau, N., and Salomone, S. (2004). Vascular
sphingosine-1-phosphate S1P1 and S1P3 receptors. Drug News
Perspect 17, 365-382.

Weibel, E.R., and Palade, G.E. (1964). New cytoplasmic com-
ponents in arterial endothelia. J. Cell Biol. 23, 101-112.

Xiao-Yun, X., Zhuo-Xiong, C., Min-Xiang, L., Xingxuan, H., Schu-
chman, E.H., Feng, L., Han-Song, X., and An-Hua, L. (2009).
Ceramide mediates inhibition of the AKT/eNOS signaling pathway
by palmitate in human vascular endothelial cells. Med. Sci. Monit.
15, BR254-261.

Yuan, C., O’Connell, R.J., Jacob, R.F., Mason, R.P., and Treistman,
S.N. (2007). Regulation of the gating of BKCa channel by lipid
bilayer thickness. J. Biol. Chem. 282, 7276-7286.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


