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ABSTRACT

Human embryonic stem cells (hESC) hold immense potential due to their 

pluripotency, which is defined by their ability to generate cells of nearly all 

types. The mechanisms that underpin proliferation, differentiation, and the 

transition between these states are poorly understood. Evidence suggests that 

a major component of the regulation of cell state is the glycocalyx, 

especially the glycosaminoglycan (GAG) component. Superior 

understanding of the glycocalyx may provide the basis to develop more 

precise and accurate induced differentiation techniques. By differentiating 

cells and analyzing them to determine changing growth rate and morphology 

in both two- and three-dimensional cell culture systems, a snapshot of cell 

state was obtained. qRT-PCR and immunofluorescent analysis of established 

marker expression and glycosynthetic potential, and liquid chromatography/

mass spectrometry (LC/MS) analysis of the constitutive disaccharide 

components of GAGs produced by the cells, were performed to obtain this 

snapshot of cell state. These analyses were tested on a cancerous model 

system for hESC, a human teratocarcinoma embryonal carcinoma cell line, 

NCCIT, before being applied to hESC. Established techniques for 

differentiating these cells were used to convert NCCIT cells into neural cells. 

In addition to production of differentiated cells and significant changes in 

growth rate, morphology and cell state marker production, significant 

changes in message levels for glycosynthetic core proteins and enzymes and 

expression levels for the core proteins were observed. These changes were 

accompanied by minor changes in cellular GAG content and composition, 

suggesting steady-state production of cellular GAGs. In addition, the cells 

displayed similar growth rates and protein expression patterns in two- and 

three-dimensional systems, suggesting the utility in this technique of three-
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dimensional cell culture, which also allows for high-throughput analysis of 

cell state. Following this analysis on NCCIT cells, hESC were induced using 

an established technique to differentiate into oligodendrocytes, a cell type of 

the central nervous system responsible for myelination. Initial results 

indicate the production of a mixed population of oligodendrocytes, neurons, 

and glia. These results are consistent with results from others, emphasizing 

the great need for finer control of hESC differentiation. Before the GAG 

content and production ability can be analyzed, a pure population of 

differentiated cells must be produced. Analysis of undifferentiated hESC 

growth rates and morphology under oxygen conditions that more closely 

match the in vivo environment reveals a lower rate of background 

differentiation, which, together with established cell separation techniques 

(e.g. flow cytometry) may provide pure populations of differentiated cells 

for further GAG analysis. This analysis, in turn, holds potential to explain 

the processes underpinning differentiation and pluripotency. This work 

provided the first analysis of changes in the glycocalyx as a result of 

differentiation in human pluripotent cells and established a baseline to which 

other pluripotent cell types can be compared. Also, the similarity of cell 

behavior in two- and three-dimensional culture suggests the universality of 

these traits, and the differences may be indicators of in in vivo state.
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