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Abstract  

Lysosomes are highly dynamic organelles with multiple roles in maintaining cellular homeostasis. 

Any imbalance in the regulatory mechanisms of lysosomes can lead to cell death and diseases, 

one of which is the lysosomal storage diseases (LSDs). LSDs are rare disorders caused by 

mutations in genes encoding lysosomal proteins or their transporters leading to accumulation of 

metabolites and lysosomal dysfunction. Gaucher disease and Krabbe disease are different LSDs 

in which glucosylsphingosine (GluSph) and galactosylsphingosine (GalSph) accumulate, 

respectively. GluSph and GalSph are barely detectable and have no known function in healthy 

individuals, whereas they accumulate extensively in patients of Gaucher disease and Krabbe 

disease, respectively, and cause cytotoxicity by unknown mechanisms.  

The overall aim of this thesis was to investigate the cytotoxic mechanisms of GalSph and GluSph. 

In the first manuscript, we were prompted by a recent study showing that GalSph- and GluSph-

induced cell death is associated with an increase in the lysosomal pH and cathepsin activity, 

therefore we investigated whether these lysosphingolipids induced lysosome-dependent cell 

death similar to that induced by cationic amphiphilic drugs. Here, we show that GluSph- and 

GalSph-induced lysosomal membrane permeabilization (LMP) before loss of plasma membrane 

integrity, a hallmark of lysosome-dependent cell death, in cancer cells, oligodendrocytes, 

neuronal-like cells, mature neurons, GD fibroblasts and NPC fibroblasts. Additionally, LMP was 

visualized in the cerebral cortex in brains from mice suffering from a neuronopathic form of 

Gaucher disease. Taken together, the data indicate that GalSph and GluSph induce lysosome-

dependent cell death in vitro and that LMP occurs in Gaucher disease in vivo.  

Furthermore, this thesis includes a published review about non-lethal LMP. Minor lysosomal 

leakage does not necessarily lead to cell death. On the contrary, some cellular functions depend 

on LMP including some form of inflammation. The NLRP3 inflammasome has been recognized as 

the driver of chronic inflammation in many common diseases and can become activated by LMP. 

Considering the in vivo results from the first manuscript, it is tempting to speculate that GluSph-

induced minor lysosomal leakage may be an initiator of inflammation in vivo possibly through 

the NLRP3 inflammasome in Gaucher disease.  

This thesis contributes to the understanding of the toxic mechanisms of GluSph and GalSph and 

provides a potential novel therapeutic target in LSDs. 


