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Glycosphingolipids (GSLs) consist of a ceramide moiety with one or several 

attached sugar units. They are localized primarily on the plasma membrane of 

animal cells, and function to mediate cell adhesion and signal transduction via 

lipid rafts. Many GSL species that are abundant in early embryogenesis, decline 

during development, and are expressed minimally in adult cells, have been found 

to reappear in tumor cells. Certain GSLs are highly expressed in human cancer 

cells and enhance tumor phenotypes, particularly cell proliferation, invasiveness, 

and motility. We recently analyzed GSL expression profiles of human embryonic 

stem cells (hESCs) and their differentiated counterparts. hESCs were found to 

contain specific GSL structures with potential application as surface markers for 

cancer diagnosis or therapy. In another study, we used an 

epithelial-mesenchymal transition (EMT) model to generate breast cancer 

stem-like cells from immortalized human mammary epithelial cells, and 

compared GSL expression profiles of cancer stem cells (CSCs) vs. non-CSCs. 

Gangliosides (i.e., sialylated GSLs) GD2 and GD3 were found to be specifically 

enriched in a CD44hi/CD24lo population of CSCs. CSC phenotypes such as 

mammosphere formation and migration ability were reversed when GD2 

synthase (B4GALNT1) or GD3 synthase (ST8SIA1) were knocked down in breast 

cancer cell line lines. Our findings indicated that GD2/GD3 play an important 



functional role in maintaining the CSC phenotype in human breast cancer. 

Gangliosides in combination with their interacting receptors/ adaptors are 

present in lipid rafts on the plasma membrane surface and are involved in 

regulation of signal transduction. There is increasing evidence for regulation of 

GSL expression by plasma membrane-associated glycohydrolases and 

glycosyltransferases. This type of regulation appears to be a rapid, essential 

mechanism for local control of ganglioside composition, membrane organization, 

and related signaling processes in response to external and internal stimuli. 

The major aims of our studies are to: (1) identify the GD2/GD3 interacting 

molecules in lipid rafts of the cell membrane; (2) elucidate the regulation and 

function of GD2/GD3 interacting molecules; (3) elucidate the functional role of 

GD3 synthase (ST8SIA1) and GD2 synthase (B4GALNT1) in breast CSCs. Our 

results will clarify the functional organization of lipid rafts and the molecular 

mechanism underlying the signaling transduction pathways mediated by 

GD2/GD3 in breast CSCs. We expect that our findings will improve understanding 

of the role of GD2/GD3 in regulating CSC formation and maintenance, and lead to 

more effective molecular and pharmacological approaches to breast cancer 

therapy 

 

 


