Elevated level of ganglioside GM3: Secondary lipid abnormality in plasma of type 1 Gaucher patients
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Introduction
Glycosphingolipids are thought to influence various processes, including responsiveness to insulin. Glucosylceramide (GlcCer), ceramide and ganglioside GM3, are the main components, together with cholesterol and sphingomyelin, of membrane structures called lipid rafts. It is thought that lipid raft composition, and mainly GM3 concentration, is of great importance in the binding of insulin to the insulin receptor. Gaucher patients have an altered whole body metabolism and are less insulin responsive than normal individuals. Altered GM3 levels could be responsible for this phenomenon. To explore this further, we studied plasma GM3 levels in symptomatic type 1 Gaucher patients.

Methods

Neutral glycosphingolipids were measured after deacylation and derivatisation with O-phtaldialdehyde by reverse phase HPLC. Gangliosides were measured after treatment with ceramide glycanase. The released oligosaccharides were labelled with anthranilic acid and measured by normal phase HPLC.

Results

In plasma of symptomatic type 1 Gaucher patients (n=40), GM3 was on average 2.5 times elevated (median Gaucher plasma 10.2, range 4.3-19.1 nmol/ml (n=40); median control plasma 3.6, range 2.7-5.4 nmol/ml (n=30)). GlcCer levels were on average 3.5 times increased (median Gaucher plasma 20.3, range 7.2-54.2 nmol/ml (n=40); median control plasma 5.6, range 3.7-7.6 nmol/ml (n=30)). A strong correlation was found between GM3 and GlcCer in Gaucher plasma (ρ=0.6411, P<0.0001) (n=40) and in plasma of controls (ρ=0.7042, P<0.0001) (n=30). 

Conclusions

In plasma of symptomatic Gaucher patients, the concentration of GM3 is increased. This could lead to reduced insulin sensitivity found in Gaucher patients. Besides the lowered insulin responsiveness, symptomatic Gaucher patients have an elevated Resting Energy Expenditure (REE) and glucose production in the liver. This could be a way of handling the massive presence of glucose-utilising macrophages. We observed that the amount of GM3 found in plasma, correlates with the amount of GlcCer in plasma. Furthermore, GM3 also correlated to the same extend as GlcCer, with clinical and biochemical parameters. It is thought that the higher amounts of GlcCer found in the blood of Gaucher patients, at least in part, comes from lipid-laden macrophages. The correlation of GlcCer en GM3, found in plasma of symptomatic Gaucher patients, could indicate that GM3 comes from lipid-laden macrophages as well. We report here of a secondary lipid abnormality in Gaucher, which could interfere with biochemical pathways outside the lysosome and ultimately lead to pathologigal mechanisms apparent in Gaucher disease.
