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Abstract
Circulating lipoproteins containing the nondegradable lipid, cholesterol, accumulate 
within the arterial wall and perhaps are oxidized to more toxic lipids. Both lipid 
accumulation and vascular reaction to the lipids lead to the gradual thickening 

and cardiomyopathy.

INTRODUCTION

Circulating lipoproteins containing the nondegradable lipid, cholesterol, accumulate within 
the arterial wall and perhaps are oxidized to more toxic lipids. Both lipid accumulation 
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nonalcoholic liver disease, Type 2 diabetes due to reduced insulin secretion1 and skeletal 
muscle insulin resistance2 3 Several mechanisms have 

4 (2) reactive 
4 (3) FA-induced 

apoptosis3

mediated by protein kinase Cs.5 When the balance between oxidation and FA uptake is 

route to utilize the FA surplus is via the sphingolipid biosynthetic pathway.

uptake and accumulation may be a central metabolic derangement in lipotoxicity and 

6

7,8

SM levels and decreases atherosclerosis in a mouse model.9

by lipid accumulation in heart10

saturated FAs11

sphingolipids and lipid metabolism, atherosclerosis and cardiomyopathy.

SPHINGOLIPID BIOSYNTHESIS

synthase, dihydroceramide desaturase and sphingomyelin synthase (Fig. 1).
Located in the endoplasmic reticulum (ER) membrane, SPT is the rate-limiting 

enzyme in the pathway.12 Mammalian SPT contains two subunits, Sptlc1 and Sptlc2, 
encoding 53- and 63-kDa proteins, respectively.13,14 The subunits are homologous (about 
20% identity)13,14

Both Sptlc1 and Sptlc2 have a single, highly hydrophobic N-terminal transmembrane 
domain.13,14 Neither appears to be glycosylated.13 Indirect immunocytochemical analysis 

oriented to the lumen and cytosol, respectively.15 A third possible subunit, Sptlc316 has 
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cellular SPT activity, but not a complete loss.16 The authors speculated that Sptlc3 was 

and Lcb2p, and a third subunit, Tsc3p, which increases enzyme activity markedly 
17 Recently, 2 proteins, ssSPTa 

and ssSPTb, which despite sharing no homology with Tsc3p, substantially enhances 

18 The small subunits 
18 SMS is located 

mainly in the cis-, medial-Golgi19-21 and plasma membranes.22-24

trans-Golgi network25 and the nucleus.26 

SM content.27 Two SMS genes, SMS1 and SMS2, have been cloned and characterized 
28,29 trans-Golgi apparatus, while 

28,30 and also Golgi apparatus.28,30 

31-33

three bioactive lipids: ceramide, diglyceride, and sphingosine-1-phosphate; and two 
structure-related lipids: sphingomyelin and phosphatidylcholine. In this chapter, we 

Figure 1.
synthase.
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ROLE OF SPHINGOMYELIN (SM) IN LIPOPROTEIN METABOLISM

and anti-atherogenic lipoproteins. Chylomicrons, very low density lipoprotein (VLDL) 
and low density lipoprotein (LDL) are atherogenic lipoproteins, while high density 
lipoproteins (HDL) are antiatherogenic ones. Chylomicrons, VLDL and LDL are enriched 
with SM.1

SM and Chylomicron/VLDL Metabolism

34,35 In vitro studies indicate that SM in these lipoproteins 
36

the lowest TG clearance rate in vitro. Saito et al37 and Arimoto et al38

manner. Lobo and Wilton39 and Cantin et al40 showed that cholesterol inclusion in the 

was eliminated by adding SM.

Figure 2.
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SM and Apolipoprotein E-Containing Lipoprotein Metabolism

Apolipoprotein E (ApoE) is a protein which has anti-atherogenic property. Bound to 

41,42

43,44 45 Arimoto 
et al reported that SM in lipoproteins delays remnant clearance by decreasing the binding 

46 Sphingomyelinase causes particle aggregation in 

this aggregation,47

SM in lipoprotein uptake, Morita et al48 prepared lipid emulsions containing triolein, PC 

with apoE in secreted lipoprotein particles.49

50 51

SM and HDL Metabolism

HDLs are well-known anti-atherogenic lipoproteins. HDL particles are involved in the 

and cells. The cholesterol on HDL becomes cholesterol ester (CE) through the activity 

to liver or steroidogenic tissues by the scavenger receptor B1 (SR-B1)52,53

54

by decreasing its binding to HDL55 (Fig. 2). A negative correlation between the SM 

reconstituted HDL.56

Rye, Hime and Barter57

an anti-atherogenic process.58

59
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HDL growth.60

SPHINGOMYELIN AND ATHEROSCLEROSIS

cholesterol-rich lipoproteins with the arterial wall.61 Many processes have been implicated 
in early atherogenesis, including lipoprotein oxidation,62,63 lipoprotein retention and 
aggregation,64-67 endothelial alteration,61 monocyte recruitment, macrophage chemotaxis 

61 and smooth muscle cell migration and alteration.61

68-73 LDL extracted 
74-77 A 

78,79

(ACAT) inhibitor.80

synthesis,81

rabbits.82 ApoE knockout (KO) mice are a well known atherogenic model. Plasma SM 
51 and this may contribute 

to the increased atherosclerosis.83,84

6,85 Moreover, 

atherosclerotic lesions in LDL receptor KO mice.86 All these data suggest that plasma 

in atherosclerotic lesions is hydrolyzed by an arterial wall sphingomyelinase, which 
promotes aggregation by converting SM to ceramide51,76 (Fig. 3).

sphingomyelinase levels. Indeed, it has recently been reported that apoE KO mice 

87

atherogenicity is by reducing SM levels in the atherogenic lipoproteins through 

as the liver and small intestine.
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SM and Cholesterol Metabolism

an important goal. Leventhal et al,88 reported that lysosomal sphingomyelinase is involved 

hydrolyzes SM in late endosomes and lysosomes.89 Because SM avidly binds cholesterol,90,91 
SM hydrolysis by sphingomyelinase enables cholesterol transport through preventing 

(Types A and B Niemann-Pick disease) have low plasma HDL cholesterol levels,92 which 
93

apolipoproteins, while ABCG1 and SR-BI export cholesterol to phospholipid-containing 
acceptors.94

95,96 ABCA1 expression causes a change in overall 

97 ABCG1 exports cholesterol to 

Figure 3.
sphingomyelinase aggregates intimal atherogenic lipoproteins and leads to early atherogenesis. Inhibition 

intimal lipoproteins.
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HDL and other phospholipid-containing acceptors. These include particles generated 

in cholesterol export.98

(LXR) agonist treatment, ABCG1 redistributes to the plasma membranes and increases 
99 100 

KO mice.101

controls.102,103

104,105 A 

is also expressed in the liver,106

107 
108,109

110,111

112,113 
94-97,114

hamster ovary (CHO) cells has been reported.115

Serine Palmitoyltransferase (SPT) and Atherosclerosis

Plasma SM and other sphingolipid intermediates play important roles in the 

are critical?

SPT Inhibitors

preparations with IC50 values in the nanomolar range116-118 (Fig. 4). Structurally they 

is highly dependent on its stereochemistry.119 Myriocin-linked resins bind the Sptlc1/
Sptlc2 complex tightly.120

both cultured cells and in vivo.116-118
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The Effect of SPT Inhibition in Mouse Atherosclerosis

Park et al7 8 have reported that myriocin treatment (oral administration 

in apoE KO mice. Myriocin treatment also can induce lower lipid levels in apoE KO mice.121 
However, both administration methods led to reduced atherosclerosis, whereas only oral 

7 Oral administration may 
reduce cholesterol absorption in small intestine. When wild type and apoE KO animals 

with no observable pathological changes in the small intestine. Myriocin treatment also 
increased insulin sensitivity.11 Thus, myriocin has direct anti-atherosclerosis vascular 

Homozygous Sptlc1 and Sptlc2 KO mice are embryonic lethal, whereas heterozygous 
/  and Sptlc2 / , are healthy. Compared with wild type 

mice, Sptlc1 and Sptlc2 /– mice had: (1) decreased liver Sptlc1 and Sptlc2 mRNA 
by 44% and 57%, respectively and (2) decreased liver SPT activity by 45% and 60%, 
respectively. However, these animals had no change in plasma SM, triglyceride, total 
cholesterol, phospholipids and liver SM levels.123

absorption were measured. NPC1L1 and ABCA1 were decreased, whereas ABCG5 was 

controls.122

Figure 4.
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Regulation of SPT

A. Transcriptional and posttranscriptional regulation: Although the mechanism 

begun to provide insight into transcriptional and posttranscriptional regulation.
 Sptlc1 and Sptlc2 mRNA and SPT enzyme activity levels increase in response to 

and SM.124,125  
124

126

obese fa/fa rats. This is suggested to be a response to an increase in intracellular 
127

mammalian cells, SPT enzyme activity has been detected in many tissues 
and cell preparations.128

to neonatal period and reaches a plateau at the adult stage.129

130,131

reported that the greatest activity was obtained with palmitoyl-CoA supply.132 

133

Sphingomyelin Synthase (SMS) and Atherosclerosis

and ceramide, as well as diacylglycerol (DAG) levels.12 Manipulating SMS activity also 
can regulate plasma and membrane SM levels.

metabolism were characterized.134 On a chow diet, SMS2 KO mice had reduced 
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macrophages, whereas SMS2LTg mouse plasma prevented it.134 These results indicated 

SMS and Apoptosis

It is believed that disordered apoptosis may occur in atherogenesis, leading to 
135 In two previous 

papers, investigators reported controversial results regarding the relationship between 
SMS activity and cell apoptosis. Van der Luit et al33 reported that SMS1 gene 

alkyl-lysophospholipid, thereby reducing cell apoptosis rates. Separovic et al136 reported 
that SMS1 overexpression suppresses cell apoptosis mediated by photo damage; however, 

on previous results,137 it is believed that SMS1 and SMS2 overexpression increases SM 

138 stimulation, 
thereby promoting CHO cell apoptosis. SMS1 and SMS2 knockdown by siRNA reduces 

139 that are presented on the plasma 

137

SMS reduces cellular DAG levels and PKC activity.140 SMS1 or SMS2 overexpression 

137 DAG can regulate 
both conventional and novel PKCs,141

PKC  is generally considered a growth inhibitory or proapoptotic PKC,142,143 while 
PKC 142,144 It is possible that in both CHO cells 

137

137 Separovic et al reported the same 
phenomenon when they overexpressed SMS1 in Jurkat cells.136 This may be due the 

28 The ceramide:SM 
ratio increases in cells that overexpress SMS compared with controls.137 This may 

145,146 

exposed to SMS siRNA.137 This indicates that the ceramide level might not be important 
in SMS-knockdown–induced macrophage apoptosis.
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SMS and NF B and MAP Kinase Activation

147

B,148

149,150

receptor 1 
B activation151 or ligand-induced RhoA 

activation152 139 
Studies also suggest that NF B activation is triggered by SM-derived ceramide.153 On 
the contrary, it has been also shown that ceramide is not necessary or even inhibits 
NF B activation.154 Luberto et al155

TNF -and phorbol ester-mediated NF B activation that was concomitant with decreased 

B activation. Hailemariam et al 
B activation and its target gene expression are attenuated in macrophages 

simulation.156 In line with attenuated NF B activation, it was 

and SMS2 siRNA treatment reduced TNF
receptor-1 in HEK293 cells.156 B activation and 
could play an important role in NF B-mediated atherogenic process (Fig. 5).

Figure 5.
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B 
156

atherosclerosis, we transplanted SMS2 KO mouse bone marrow into LDL receptor 
KO (Ldlr / ) mice (SMS2 /  macrophages Ldlr /

decreased atherosclerotic lesions in the aortic arch, root (57%, P  0.001) and the 
entire aorta (42%, P  0.01), compared with wild type macrophages transplanted into 
Ldlr /

produced less necrotic core area (71%, P  0.001) and more collagen content (35%, 
P 

9 (Fig. 5).

CERAMIDE IN LIPOTOXIC CARDIOMYOPATHY

157

carbohydrates and lactate.158,159

tissue bind to circulating albumin and are delivered to heart. Alternatively, TG-rich 
lipoproteins are internalized by receptor-mediated processes and are hydrolyzed to liberate 
FFA inside the cells.160

obesity,161,162

toxic.3,163 These potentially toxic metabolites include ceramide and DAG. Ceramide is 
3 Cardiac 

164

anchored LpL mice (LpLGPI) also have increased increased cardiac ceramide and apoptosis 
markers including cytosolic cytochrome c, caspase 3 expression and activity.165 Park 

cardiac contraction in LpLGPI.10

to modulate mitochondrial substrate oxidation (Fig. 6). LpLGPI hearts have increased 
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However, glucose uptake is increased in LpLGPI

phosphorylated glycogen synthase 3 .10
GPI hearts, myriocin 

GPI mice with 
myriocin only partially rescued the survival rate. A potential reason is due to involvement 

CONCLUSION

countries.

metabolism and atherosclerosis and ceramide is suggested as a metabolic switch 

Figure 6.
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the reported work is the discovery that inhibiting sphingolipid biosynthesis may have great 

these chronic diseases.
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