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Abstract:

associated with excessive hepatic triglyceride accumulation. Examples include 

into the connections between sphingolipids and triglyceride synthesis in an attempt 

INTRODUCTION

abdominal obesity, dyslipidemia, hypertension, insulin resistance and chronic low-grade 
1

2-4 Given the liver’s place in 
5 it is noteworthy that these 
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6 In the early stages the steatosis is largely benign, but as lipids 
continue to accrue the condition worsens, developing into steatohepatitis with damage 

7-8

obese have NAFLD,9

7,10

more cases likely exist undiagnosed.

synthesis pathway substantially reduces hepatic triglyceride levels in rodents. Herein we 
probe into the relationship between these disparate events.

Figure 1.
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SPHINGOLIPID LEVELS IN THE STEATOTIC LIVER

hepatic sphingolipid levels.11-14 Employing an agnostic lipidomic methodology to 
ob/ob mouse, Yetukuri et al15 determined that hepatic levels 

drive sphingolipid metabolism, but not with ceramides themselves.16-17 However, Kolak 
et al18 adipose ceramide content and liver triglyceride in 

which adipose ceramides could contribute to NAFLD.

MODULATION OF SPHINGOLIPID SYNTHESIS IMPACTS 
HEPATIC STEATOSIS

synthesis and degradation (Fig. 2),19 relatively little interest has been devoted to the 

have yielded noteworthy results.

Serine Palmitoyltransferase

sphingolipid synthesis, condensing palmitoyl-CoA and serine to produce 3-ketosphinganine 
(Fig. 2). Memon et al20

, on SPT activity and gene 
expression in hamsters and HepG2 cells. LPS treatment increased hepatic sphingolipid  
levels (i.e., sphingomyelin (up 75%) and ceramide (up 200%) and doubled hepatic SPT 

transcript levels and activity in vivo and both IL-1 and TNF  induced SPT transcript 
levels in HepG2 cells. In these studies, cytokine and LPS treatment increased sphingolipid 

circulation via lipoproteins.

21

ob/ob 

21

Glucosylceramide Synthase

to ceramide. The initial product is glucosylceramide, which is produced by  
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GCS inhibitors: N-(5 -adamantane-1
(AMP-DNM) and Genz-123346 ((1R,2R)-nonanoic acid[2-(2 ,3 -dihydro-benzo [1,4] 
dioxin-6 -yl-2-hydroxy-1-pyrrolidin-1-ylmethyl-ethyl]-amide-1-tartaric acid salt).

Aerts et al14 administered AMP-DNM to 6-week-old C57Bl/6J mice and observed a 
ob/ob mice with AMP-DNM 

hepatic triglyceride levels. The compound improved insulin signal transduction in the 
22 reported that a 

similar treatment in control and ob/ob mice led to a marked reduction in liver weight and 
steatosis.22

genes, including Fatty Acid Synthase (FAS) and Stearoyl-CoA Desaturase-1 (SCD1). The 

23

Genz-123346. Drug treatment reduced hepatic GC content in ob/ob mice by roughly 40% 
compared with control (water) treatment, a change that was associated with improved 

Figure 2.
synthesis impacts steatosis.
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whole-body glucose homeostasis as evident by reduced blood glucose and HbA1c levels. 

whether GCS inhibition could reverse preexisting steatosis, older mice that had been 

Sphingomyelinase

abundantly in plasma membranes and lipoproteins. The sphingolipid can be converted 

optima.24 Deevska et al25

knockout mice resolved diet-induced hepatic steatosis and improved insulin sensitivity. The 
improvement in steatosis and insulin sensitivity was associated with a paradoxical elevation 
in hepatic ceramides and sphingomyelin and a marked increase in de novo synthesis.

Numerous cell stimuli regulate SMase activity and the enzyme is implicated in 

TNF  and IL-1
26-32

established across various human and rodent cell lines.33-36 Among its many activities, 
TNF  induces SMase by binding the p55 TNFR.37

 receptor (also known as 
38

Oxidative stress also regulates SMase activity.24 Alessenko et al39 demonstrated that 
a SMase-mediated elevation in hepatic ceramides positively correlated with peroxide 
products in response to endotoxic stress. Additionally, they observed that administration 

ceramide levels and lipid peroxide oxidation.39 In exploring the mechanisms behind 
bile-salt induced hepatocyte apoptosis, Reinehr et al40 treated primary rat hepatocytes 

stress response. In addition to rapidly inducing oxidative stress, TLCS treatment was 
also shown to stimulate ceramide synthesis via elevated SMase activity. When cells were 
treated with desipramine, a SMase inhibitor, prior to TLCS exposure, ceramide levels 
and downstream oxidative stress were both reduced.40

FACTORS ASSOCIATED WITH NAFLD INDUCE SPHINGOLIPID 
SYNTHESIS

41-43

likely to drive sphingolipid production (Fig. 3).
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Saturated Fatty Acids Induce Hepatic Sphingolipids

15%), which can 
enter the liver by either spillover into plasma FFA or through chylomicron remnants.44-45 

12

12

metabolic disorders.46

47-48 Several groups provide evidence supporting a correlation between 
38,49-57 

In particular, Jarrar et al58 observed both elevated TNF

Similar trends are observed with hepatic TNF

elevated in those with advanced NASH.59-61

Figure 3.
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years and evidence attesting to the liver’s ability to produce sphingolipids in response to 
dyslipidemia is even older.62-64 Since those early discoveries, emerging evidence suggests a 
noteworthy relationship between sphingolipids and cytokines in various tissues.65-68 Further, 

adipose-derived cytokines and ceramides.18 Unsurprisingly, many studies have revealed a 
positive correlation between TNF  and sphingolipids.19,21,69

13-14,51,70

71-72

73

response to pathogens are the pattern recognition receptors (PRR),74-75 among which are 
75-77 In particular, TLR4 plays a key role in 

, IL-1 , IL-6, etc.), which are known to 
77-80

Gram-negative bacteria. The liver’s ability to respond to LPS via TLR4 plays an important 

81-82 Indeed, due to the liver’s place as 

synthesis. In addition to eliciting an immune response, LPS treatment has been shown to 

is mediated by TLR4 is unknown.20,83

Adiponectin

 and other 

and NASH, Jarrar et al58

levels than those with simple steatosis and obese controls without NAFLD. Moreover, in 
18 revealed that adiponectin 

Peng et al84

adiponectin and adipoR2 expression with advancing steatosis.56,85

Interventional studies support the idea that adiponectin may deplete hepatic triglycerides. 
In particular, Yamauchi et al86 discovered that obese mice treated with adiponectin had 

87 demonstrated that adiponectin 
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receptor polymorphisms, which prevent normal adiponectin signal transduction, are 

hepatic sphingolipids have yet to be explored, recent evidence suggesting 
that adiponectin receptors contain intrinsic ceramidase activity88-90 provides exciting insight 
into a possible mechanism.

POSSIBLE MECHANISMS

synthesis.25

hepatic sphingolipids, also depletes hepatic triglycerides.21

depleting ceramides improves peripheral insulin sensitivity, leading to the appropriate 

CONCLUSION

evidence indicates the liver occupies an increasingly prominent role in the etiology 

to uncover better treatments.
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