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Chapter 5 

Summary 

Degradation of lipids occurs in the lysosomes and is an important 
process in the life cycle of the cell. Deficiency of enzymes tha t are involved in 
e.g. lipid degradation leads to lysosomal storage disorders. Over 40 
lysosomal storage disorders are known, of which Gaucher disease is the 
most prevalent. In Gaucher disease the glycolipid GlcCer is accumulated in 
lysosomes of t issue and blood macrophages due to a deficiency of the 
lysosomal enzyme glucocerebrosidase. Because m u c h GlcCer is present in 
senescent blood cells that are degraded by phagocytosing cells such as 
macrophages, these cells are predominantly affected by this deficiency. The 
lipid-laden macrophages become activated, acquire a specific foamcell 
morphology and are called Gaucher cells [1]. It is believed that these 
Gaucher cells are responsible for the most predominant clinical features of 
Gaucher disease, such as enlarged spleen and liver and bone crises. 

Apart from the fact that massive lysosomal accumulat ion of GlcCer 
precedes the formation of Gaucher cells, little is known about the 
mechanism of activation. Increases in intracellular GlcCer concentrat ions 
have been shown to increase cellular proliferation and hypertrophy in both 
t issue cul tures and animal models [2-5]. However, unti l now the signal 
t ransduct ion pathway induced by GlcCer is still an enigma. PKCÇ appears to 
be involved [6], bu t activation of known downstream targets of this kinase 
like N F - K B and Raf-1 has not been shown. 

The studies described in chapter 2 were performed to elucidate the role 
of GlcCer in proliferation by studying the signal t ransduct ion cascade tha t is 
allegedly initiated by GlcCer. The h u m a n hepa toma cell line HepG2 was used 
in these studies, because of the expertise in our laboratory on the 
metabolism of hepatocytes and the fact that in Gaucher cells the liver is 
enlarged. Liver protein and carbohydrate metabolism depend on the 
presence of amino acids, which are mediators of an anabolic signal 
t ransduct ion pathway and metabolism. The effects of changing GlcCer 
concentrat ions in amino acid-induced signal t ransduct ion and metabolism, 
such as glycogen and protein synthesis, were investigated. In HepG2 cells 
the concentration of GlcCer was high compared to primary hepatocytes. The 
rate of protein synthesis was also relatively high and not regulated by amino 
acids, al though the p70S6 kinase pathway was initiated. This s tudy did not 
provide any evidence that changes in the intracellular GlcCer concentration 
interfere with amino acid-mediated protein synthesis or signal t ransduct ion. 
The highly anabolic state of HepG2 cells might explain the lack of effect of 
increasing GlcCer concentrat ions. However, the effects of decreased GlcCer, 
after PDMP incubation, to approximately zero should still have been 
detectable. 

Ceramide, the precursor and breakdown product of GlcCer, is also 
known to play a role in signal t ransduct ion pathways. The pathway initiated 
by ceramide is well-defined, al though there continues to be a lot of 
discussion on the role of ceramide in signal t ransduct ion [7;8]. Two 
pathways have been defined for ceramide (see fig. 7 in chapter 1). One 
pathway leads to apoptosis or cell cycle arrest via stress kinases , the 
mitochondria and caspases . The other pathway leads to inflammation, 
proliferation and differentiation and travels via Raf-1, MAP kinases and NF-

69 



Chapter 5 

KB. This second pathway seems similar to the signalling cascade that is 
believed to be induced by GlcCer. Because both lipids play a role in cellular 
metabolism, it is likely that the intracellular ratio of GlcCer and ceramide is 
an important factor in the determination of the metabolic s ta tus of the cell. 
In affected cells and t issues in Gaucher disease patients, such as 
macrophages, liver and spleen, the overall GlcCer/ceramide ratio is greatly 
disturbed due to the massive GlcCer accumulation. This ratio may play a 
role in the pathophysiology of Gaucher disease. Until now data on GlcCer 
distribution amongst the plasma lipoprotein fractions in control subjects and 
patients are scarce, whereas there are no data at all regarding plasma 
ceramide concentrations. Although measurements in liver, spleen and bone 
marrow are more relevant sources for the determination of the storage 
product GlcCer, blood and urine are more preferred, because the biopsies 
are invasive and can be hazardous for the patient. Plasma is the most 
frequently used material to follow up Gaucher patients, because it can be 
easily stored for a long period of time. The studies described in chapter 3 
were performed to obtain more information regarding the GlcCer and 
ceramide concentrations in overall p lasma as well as in the lipoprotein 
fractions. First an assay was needed for s imultaneous, sensitive 
determination of ceramide and GlcCer in plasma. The widely used TLC assay 
was not suitable for the determination of ceramide and GlcCer 
simultaneously and this assay was rather insensitive in the determination of 
the concentration of GlcCer. The second assay that was tested was the DAG 
kinase assay, which was adapted to determine ceramide as well as GlcCer. 
This assay appeared to be suitable for the determination of ceramide and 
GlcCer in spleen and reference solutions. However, this enzymatic assay 
appeared to be sensitive for unidentified interfering compounds present in 
plasma. The third method, microwave deacylation of lipids and subsequent 
HPLC-based detection of these deacylated products after OPA-derivatisation, 
was very adequate and sensitive for the follow-up of Gaucher pat ients . In 
addition this assay also provides information on other p lasma lipids, such as 
for example lactosylceramide and ceramidetrihexoside levels. This 
information will even be available in retrospect. 

The preliminary study on the distribution of GlcCer and ceramide in 
p lasma lipoprotein fractions, as described in chapter 3, became feasible due 
to the extreme sensitivity of the HPLC-based assay that was jus t evaluated. 
GlcCer and ceramide were determined in the p lasma lipoprotein fractions of 
two untreated Gaucher patients and two age and sex matched control 
subjects. The overall distribution of GlcCer over the lipoprotein fractions was 
similar in control and Gaucher plasma: GlcCer was predominantly found in 
LDL and HDL. In Gaucher plasma , the increase in GlcCer was most 
prominent in the VLDL fraction. HDL and LDL lipoprotein fractions in 
p lasma of Gaucher patients were decreased compared to control plasma, 
whereas VLDL was increased, as was described previously [9-11]. The 
changes in the amounts of lipoproteins induced a more marked increase in 
GlcCer per protein than was already detected absolutely. In contrast, the 
amount of ceramide per protein in the lipoprotein fractions was similar in 
control and Gaucher plasma. Previously, it was postulated that this increase 
m VLDL is a compensatory mechanism of the liver to correct the decreased 
LDL and HDL [11]. However, the increased GlcCer/ceramide ratio in 
Gaucher pat ients (chapter 3) suggests an increased GlcCer synthesis by the 
liver. A more plausible explanation is that the increased secretion of VLDL as 
well as the increased GlcCer synthesis is driven by factors secreted by 
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Gaucher cells. Many cytokines, including TNF-a, are known to be produced 
by Gaucher cells [12; 13]. The concentrat ions of these cytokines secreted by 
Gaucher cells locally in the liver will be many times higher than can be 
detected in the circulation of Gaucher pat ients . Furthermore, TNF-ct was 
recently reported to stimulate GlcCer synthesis in hepatocytes of rodents 
[14]. Were TNF-a involved in the increase GlcCer production by the liver, an 
increased concentration GlcCer in VLDL would also be found in other 
diseases which involve inflammatory reactions. In the future, it would be 
interesting to check this hypothesis. 

Little is known about the plasma GlcCer concentration after therapy of 
Gaucher disease and nothing is known about the ceramide concentration in 
p lasma of Gaucher pat ients and the effects of therapy. The common therapy 
for Gaucher disease is enzyme supplementat ion therapy, which is based on 
addition by intravenous administrat ion of the affected enzyme 
glucocerebrosidase [15-17], Though very costly, this therapy is successful. 
Recently, a s tudy was started to examine subst ra te deprivation, based on 
inhibition of GlcCer synthesis, as a therapy for Gaucher disease [18]. In 
chapter 4 the HPLC method was used to determine GlcCer and ceramide in 
plasma of Gaucher patients and control subjects. The p lasma GlcCer 
concentration was increased approximately 3 times in Gaucher pat ients with 
considerable overlap between pat ients and controls. Although the 
concentration of ceramide was comparable in patient and control plasma, 
the GlcCer/ceramide ratio hardly overlapped between the two groups. 
Furthermore, in this s tudy the activity of chitotriosidase was determined in 
the p lasma of the Gaucher pat ients . Chitotriosidase is a h u m a n chitinase, 
which is increased on the average 600 times in p lasma of Gaucher pat ients 
compared with control persons [19]. The enzyme is secreted massively by 
Gaucher cells, therefore it is regarded as a marker for the amount of 
Gaucher cells tha t are present in the patient [19;20]. Prior to enzyme 
supplementat ion therapy plasma GlcCer and chitotriosidase activity 
correlated to some extent but following therapy chitotriosidase levels reduced 
more markedly and rapidly than lipid level. In contrast , with subs t ra te 
deprivation therapy the opposite was noticed. This is not surprising since the 
latter therapy is not directly removing storage cells but ju s t prevents further 
formation. Our data indicate that the chitotriosidase activity and plasma 
GlcCer concentration are markers for two different processes in Gaucher 
disease: chitotriosidase activity is a direct marker for activated macrophages 
(Gaucher cells), whereas GlcCer concentration is a marker for the 
involvement of the liver in GlcCer metabolism of the body. In this view it is 
very useful to measure both parameters in the follow-up of Gaucher 
patients. 

In the future, it would be interesting to determine the distribution of 
GlcCer in the lipoprotein fractions on regular time points before and after 
initiation of enzyme supplementat ion or subs t ra te deprivation therapy. If the 
liver is involved in the increased p lasma GlcCer concentrat ions the GlcCer 
would still be increased in VLDL after enzyme supplementat ion therapy 
whereas the GlcCer in HDL and LDL should be normalised. After subs t ra te 
deprivation therapy the GlcCer concentration in VLDL, LDL and HDL should 
be normalised. 

In conclusion, no evidence was found to support the hypothesis that the 
increase in intracellular GlcCer in Gaucher disease increases cell 
proliferation, thereby contributing to the hepatosplenomegaly observed in 
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these patients. Furthermore, the HPLC-based quantification method made 
the determination of GlcCer and ceramide in p lasma and lipoprotein 
fractions feasible. Determination of p lasma GlcCer and ceramide 
concentrations in lipoprotein fractions of Gaucher patients suggested that 
the liver plays an important role in the increased p lasma GlcCer 
concentration in Gaucher pat ients . This is supported by the more marked 
decrease in plasma GlcCer concentration achieved by subst ra te deprivation 
therapy compared to enzyme supplementat ion therapy. Whether the 
decrease in p lasma GlcCer is related to a decrease in clinical symptoms 
remains to be determined. In general, enzyme supplementat ion therapy 
decreases the clinical symptoms very well. Therefore in future a combination 
of both therapies may be beneficial for the Gaucher patient. 
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