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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 muscle 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 recognized. In Chapter 2 we 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. 

Hypertension is, amongst others, characterized by endothelial dysfunction and vascular 

remodeling. As sphingolipids have been implicated in both the regulation of vascular 

contractility and growth, we investigated in Chapter 3 whether sphingolipid biology is altered 

in hypertension and whether this is reflected in altered vascular function. In isolated carotid 

arteries from spontaneously hypertensive rats (SHR) and normotensive Wistar- Kyoto (WKY) 

rats, shifting the ceramide/S1P ratio towards ceramide dominance by administration of a 

sphingosine kinase inhibitor (dimethylsphingosine) or exogenous application of 

sphingomyelinase, induced marked endothelium-dependent contractions in SHR vessels (DMS: 

1.4±0.4 and SMase: 2.1±0.1 mN/mm; n = 10), that were virtually absent in WKY vessels (DMS: 

0.0±0.0 and SMase: 0.6±0.1 mN/mm; n=9, p<0.05). Imaging mass spectrometry and 

immunohistochemistry indicated that these contractions were most likely mediated by ceramide 

and dependent on iPLA2, cyclooxygenase-1 and thromboxane synthase. Expression levels of 

these enzymes were higher in SHR vessels. In concurrence, infusion of dimethylsphingosine 

caused a marked rise in BP in anesthetized SHR (42±4%; n=7), but not in WKY (-12±10%; n = 

6). Lipidomics analysis by mass spectrometry (i.e. HPLC ESI-MS/MS), revealed elevated levels of 

ceramide in arterial tissue of SHR compared to WKY (691±42 vs. 419±27pmol, n=3–5 

respectively, p<0.05). These pronounced alterations in SHR sphingolipid biology are also 

reflected in increased plasma ceramide levels (513±19 pmol WKY vs. 645±25 pmol SHR, n = 6–

12, p<0.05). Interestingly, we observed similar increases in ceramide levels (correlating with 
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hypertension grade) in plasma from humans with essential hypertension (185±8 pmol vs. 

252±23 pmol; n=18 normotensive vs. n=19 hypertensive patients, p<0.05). Thus, hypertension 

is associated with marked alterations in vascular sphingolipid biology such as elevated ceramide 

levels and signaling, that contribute to increased vascular tone. 

Consequently, in Chapter 4 we investigated whether lowering of BP can reverse elevated 

ceramide levels and reduce ceramide-mediated contractions in SHR. For this purpose SHR were 

treated for 4 weeks with the angiotensin II type 1 receptor antagonist losartan or the 

vasodilator hydralazine. Both drugs decreased BP equally (SBP untreated SHR: 191±7 mmHg, 

losartan: 125±5 mmHg and hydralazine: 113±14 mmHg). The BP lowering was associated with 

a 20–25% reduction in vascular ceramide levels and improved endothelial function of isolated 

carotid arteries in both groups. Interestingly, losartan, but not hydralazine treatment, markedly 

reduced sphingomyelinase-induced contractions. While both drugs lowered cyclooxygenase-1 

expression, only losartan and not hydralazine, reduced the endothelial expression of calcium-

independent phospholipase A
2
. The latter finding may explain the effect of losartan treatment 

on sphingomyelinase-induced vascular contraction. 

In summary, this study corroborates the importance of sphingolipid biology in BP control and 

specifically shows that BP lowering reduces vascular ceramide levels in SHR and that losartan 

treatment, but not BP lowering per se, reduces ceramide-mediated arterial contractions. 

FTY720 (Fingolimod) is a recently approved orally administered drug for the treatment of 

multiple sclerosis. Phase II and III clinical trials have demonstrated that this drug modestly 

increases BP. We have previously shown that inhibition of sphingosine kinase increases vascular 

tone and BP in hypertensive, but not normotensive rats. Since FTY720 is reported to have 

sphingosine kinase inhibitory effects, we investigated in Chapter 5 whether FTY720 increases 

vascular tone and BP only in hypertensive rats via this mechanism. The contractile and BP 

modulating effects of FTY720 were studied in vivo and ex vivo (wire myography) in age-

matched WKY rats and SHR. Oral administration of FTY720 induced an increase in mean arterial 

pressure in SHR, whereas a decrease in BP was observed in WKY rats, as measured 24 hours 

after administration. In analogy to the sphingosine kinase inhibitor dimethylsphingosine (DMS), 

FTY720 induced major contractions in isolated carotid arteries from SHR, but not in those from 

WKY. In contrast, the phosphorylated form of FTY720 (FTY720-P) did not induce contractions 

in isolated carotid arteries from SHR. FTY720-induced contractions (like DMS-induced 

contractions) proved to be endothelium-dependent and to be mediated by thromboxane A2, 

since these contractions could be inhibited by endothelium denudation, cyclooxygenase and 

thromboxane synthase inhibitors and by thromboxane receptor antagonism. These data 
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demonstrate that FTY720 increases vascular tone and BP only in hypertensive rats, most likely 

due to its sphingosine kinase inhibitory effect.  

Pharmacological inhibition of glucosylceramide synthesis has been shown to improve several 

aspects of the metabolic syndrome such as insulin resistance and lipid metabolism. In addition, 

hypertension, another aspect of the metabolic syndrome, is associated with increased arterial 

and plasma ceramide levels. In Chapter 6 we investigated whether hypertension is associated 

with altered glucosylceramide levels and whether inhibition of glucosylceramide synthesis 

affects BP in rats. For this purpose we studied glucosylceramide levels and BP in normotensive 

WKY rats, SHR, and in SHR treated for 4 weeks with antihypertensive drugs or the 

glucosylceramide synthase inhibitor AMP-DNM.  

Mass spectrometric analysis revealed increased levels of glucosylceramides (± 60% increase) in 

arterial tissue of SHR compared to normotensive WKY rats. In contrast, plasma 

glucosylceramide levels were lower in SHR (± 50% decrease). Lowering BP by means of a 4-

week treatment with the angiotensin II type 1 receptor antagonist losartan or the vasodilator 

hydralazine, substantially reduced glucosylceramide levels in arterial tissue (± 35% decrease) of 

SHR whereas it tended to increase plasma levels of this glycosphingolipid. Inhibition of 

glucosylceramide synthase by a 4-week oral treatment with the iminosugar AMP-DNM, resulted 

in reduced glucosylceramide levels in arterial tissue (± 30% decrease). This was, however, not 

associated with a concomitant change in BP. In addition, AMP-DNM treatment did not 

influence endothelial dysfunction in SHR, nor it influenced ceramide-mediated contractions in 

isolated carotid arteries from treated rats. From these data we conclude that hypertension is 

associated with profound alterations in vascular and plasma glucosylceramide levels, but that 

inhibition of glucosylceramide synthesis does not influence BP in SHR. 

In Chapter 7, we focussed on the role of sphingolipids and endothelin-1 (ET-1). ET-1 is a 21-

aminoacid peptide involved in both vascular contraction as well as vascular relaxation mediated 

by endothelial nitric oxide synthase (eNOS) activity. Importantly, in hypertension the vascular 

contraction pathway involving ET-1 signaling is augmented. Since sphingolipids have been 

implicated in both the regulation of eNOS activation as well as in endothelium-dependent 

contractions, we investigated whether sphingolipids were involved, and differentially altered, in 

ET-1-mediated vascular signaling between WKY and SHR rats. ET-1-mediated eNOS activation 

was probably not dependent on sphingosine kinase activity. Using a novel imaging mass 

spectrometry approach, ET-1 stimulated SHR aorta indicated elevated ceramide subspecies 

accumulation in primarily SHR endothelium, which appeared lower in SHR VSMC and reciprocal 

in WKY aorta segments. Wire myography, using ex vivo isolated vessels from SHR and WKY, 

indicated elevated contractility towards ET-1 by the application of DMS in SHR aorta, but not in 
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WKY aorta. This augmentation was completely endothelium-dependent and cyclooxygenase-

dependent, indicating the involvement of thromboxane A2. In SHR aorta, ET-1-induced 

contractions are associated with endothelial ceramide elevation, probably causing increased 

thromboxane production. Inhibition of sphingosine kinase potentiates ET-1-induced 

contractions likely via elevation of ceramide, but possibly not via inhibition of eNOS activity. 

Thus, here we indicate a mechanism explanatory for elevated thromboxane signaling induced 

by ET-1 in essential hypertension. 

Endothelin-1 is one of many Weibel-Palade body (WPB) constituents. The major component of 

WBPs however is von Willebrand factor (vWF). Interestingly, vWF presence is found to be 

elevated in blood plasma of hypertensive subjects. An interesting secretagogue of WPBs is 

sphingosine-1-phosphate, although which receptor is responsible for this remains elusive. In 

Chapter 8 we focused on which receptor is responsible for the S1P-induced vWF excretion.  

Because of the current interest in S1P receptors as new targets for the treatment of 

autoimmune diseases and the recent approval of FTY720, a S1P receptor targeting pro-drug, it 

is of importance to elucidate the role of specific S1P receptor subtypes in Weibel Palade body 

exocytosis. 

Using human umbilical vein endothelial cells (HUVECs) predominantly expressing S1P1 and S1P3 

receptors as assesses by real-time PCR, we determined the capability of S1P, FTY720P and the 

S1P1 specific agonist CYM-5442 to induce vWF secretion. Furthermore, using the S1P1 

antagonist W146, and siRNA directed against S1P3, we showed that S1P-induced vWF 

secretion is dependent on both S1P1 and S1P3 receptors. Interestingly, FTY720P, a S1P1,3,4,5 

receptor agonist, induced vWF secretion predominantly via S1P1. Since hypertension is 

associated with elevated plasma vWF levels and we previously demonstrated an alteration in 

sphingolipid levels in essential hypertension a link between these two processes may be evident. 

Future studies should address whether this link indeed exists and whether S1P1/3 receptor 

expression differences exists in the vasculature of hypertensive subjects. A potential 

upregulation of either S1P1 and/or S1P3, next to the established upregulation of SK1 and 

elevated plasma S1P in hypertension, could indicate a pivotal role for S1P in mediating 

hypertension-associated elevated vWF secretion and possibly induce an altered thrombotic 

phenotype of patients treated with S1PR-targeting drugs. 




