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CHAPTER 4 

BLOOD SPHINGOLIPIDS IN HOMEOSTASIS 
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Abstract: 

lipoprotein particles (HDL, LDL and VLDL), carried by serum albumin and also 

plasma lipoproteins have provided intriguing data concerning the protein and 

been implicated in several diseases such as cancer, obesity, atherosclerosis and 

laboratory test could be a pioneering approach to diagnose disease in the population. 
This approach would probably evolve to be analogous in implication to determining 
“good” and “bad” cholesterol and triglyceride levels in lipoprotein classes.

INTRODUCTION

1-4 
Ceramide (Cer), the central molecule in sphingolipid metabolism, is generated by either 

phospholipases.5

by ceramidases to liberate sphingosine (Sph). The latter can be re-acylated to Cer or 
phosphorylated to sphingosine 1-phosphate (S1P) by sphingosine kinase (SK).1,4,6 Several 
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sphingolipid metabolites, particularly Cer, Sph, S1P and ceramide 1-phosphate (Cer1P), 
have been recognized as bioactive signaling molecules that regulate cell growth and 
death.1-4,7-12

) or oxidative stress, 
are associated with apoptotic responses.13

14 1 Studies addressing the 

BLOOD SPHINGOLIPIDS IN HOMEOSTASIS

Interest in blood sphingolipids has been broadened by the development and clinical 

in lymphocyte sequestration.15 It has since become increasingly essential to explore the 

to determine the mechanisms by which sphingolipid biosynthesis and turnover regulate 

and head groups, sphingolipids contain long-chain hydrocarbon groups.7 Furthermore, 
sphingolipids are insoluble in water and have both hydrophobic and hydrophilic properties.7 

16 however, studies addressing 

In a recent study using HPLC-MS/MS we have analyzed a comprehensive sphingolipid 

17 We simultaneously analyzed 
the sphingoid bases (C18:1, C18:0) Sph and dihydrosphingosine (dhSph); sphingoid base 

dihydroceramides (dhCer), Cer1P, SM, hexosylceramide (HexCer) and lactosylceramide 
17

sphingolipids, respectively. The abundant circulating SM, LacCer, HexCer and Cer are 
C16-SM, C16-LacCer, C24-HexCer and C24

16-SM and the very long-chain LacCers (C24:1, C26:1) increased, whereas 
16-C20) and C26

18- and C18:1-SM, 
C18

17 

18 Future studies should be able 

disease conditions.



59BLOOD SPHINGOLIPIDS IN HOMEOSTASIS AND PATHOBIOLOGY

LDL and HDL) and in blood cells and platelets and also bound to serum albumin.19 

in lipoprotein particles are still obscure. In our recent study, HPLC-MS/MS was also 

and HDL3.17

17 In an analysis 

20 which corresponds to 
C16- and C24:1-SMs containing C18:1 sphingoid backbone, respectively. In VLDL, LDL, 

C16 24:1-SM.17,20 
24-Cer is the most abundant Cer species in all lipoprotein 

17,20

21,22 

vascular remodeling, including endothelial cells, smooth-muscle cells, lymphocytes, 
monocytes and platelets.12,23-27

is associated with LDL, VLDL and HDL particles.19

17 Others have also 
shown that the smallest lipoprotein particles, HDL3, are enriched in S1P but poor in SM 
compared to the larger HDL2 particles.28

anti-atherogenic and anti-thrombotic molecules (e.g., nitric oxide and prostacyclin).23,29,30 
30,31 

and pro-atherogenic32

artery disease.33 In concurrence, we have recently demonstrated that HDL3, which 

in vivo.34

tissues to the liver, the larger diameter HDL2 particles viewed as more atheroprotective 
compared to the smaller sized HDL3 particles.35

36,37 More recently, it has been 

38 It is intriguing then to hypothesize that the 
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In a recent well-designed clinical study, Sattler et al demonstrated that the S1P content 

artery disease (CAD).40

40 

Red blood cells,41,42 vascular endothelial cells43 and platelets44,45 all contribute to 

S1P; but maintains a highly active Sph kinase,45

platelets are able to store and release S1P upon stimulation.44,45

17

metabolites, Cer, Sph and SM.46

47 This 

48

49 The use 

dynamics, is hampered by the large molecular dimensions and complex thermodynamic 
50 

Kumpula et al used a structural model to optimize the lipid distributions within lipoprotein 
48 This model 

48 Such structural models seem 

51

51 
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lipid metabolism at the individual molecular species level.

microdomains that mediate signal transduction. Complex membrane sphingolipids such as 

7 Accordingly, 

in sphingolipids have been implicated in several diseases.10,11,52-57 For example, elevated 
9 

8

lysophosphatidylcholine58,59 and Cer.60

glucosylceramide.61

in eukaryotes.2,62,63 In accordance with this concept, it has been shown that plasma levels 
24-Cer, increased in coronary artery disease and stroke 

Cer species.64

and SM.10

disease and metachromatic leukodystrophy have led to an interest in the composition, 
11

Gaucher disease is a glycolipid storage disorder characterized by the accumulation 

65 

monohexoside/SM ratio was increased in the Gaucher disease patients compared to controls. 

66 Fabry disease is 

MALDI-TOF-MS, it was revealed that ceramide trihexoside species clearly accumulated 
66

44 Plasma S1P 
may play diverse important roles in blood vessels. We have recently shown that 

permeability.23 Recent work in our laboratory also showed that S1P can be generated in 
response to monocyte/macrophage activation47 and S1P can also stimulate the secretion 

 and PGE2.12 In a study designed 

33
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67

67

Fusarium 
verticillioides
metabolism. Abnet et al studied the relationship between serum sphinganine and Sph 

68

68

69 To determine 

70 
Sphinganine and Sph in those studies were determined by HPLC. Lieser et al developed 

71

an enzymatic method to measure plasma SM, Schlitt et al showed that SM is particularly 

plasma.72 In an epidemiological case-control study Jiang et al showed that the plasma SM 
level is positively and independently correlated with age, body mass index and systolic 
blood pressure.73 They also showed lower mean plasma SM levels in men compared 
with women, in smokers compared with nonsmokers and in Caucasians compared with 
other ethnic groups.73 Nelson et al then investigated whether plasma SM is an early 

carotid intimal-medial wall thickness, ankle-arm blood pressure index and the Agatston 
coronary artery calcium score in asymptomatic adults.74 They concluded that plasma SM 
is associated with subclinical atherosclerotic disease.74 Recently, Park et al75

et al76

in apolipoprotein E-knockout mice. It has been also shown that adenovirus-mediated 
77 

Thus, abnormal sphingolipid metabolism could conceivably be involved with accelerated 
atherosclerosis and alterations in certain sphingolipid levels in the blood could be evaluated 

and lysophosphatidylcholine have a highly predictive power in respect to sepsis-related 
mortality.78 In addition to the absolute concentrations, they analyzed the molar ratios 

78
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CONCLUSION

metabolic pathways involved in lipoprotein metabolism in both health and disease states, 
79-81 Although 

17,20
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