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SUMMARY 

 

Although conventional two-dimensional (2D) cell culture is convenient for routine work, 

researchers are turning to three-dimensional (3D) cell culture for more accurate, physiologically 

representative information on the way their cells behave and respond to stimuli. Cells can now 

be routinely cultured in the many commercially available 3D formats.  

 

In this study, we developed non-woven scaffolds for 3D cell culture and enhanced cell function. 

By making use of methods that measure the behaviour of liver cells in the 3D system we were 

able to demonstrate, compared to standard 2D systems, significantly higher expression of key 

liver enzymes involved in drug metabolism and albumin production (specifically cytochrome 

P450). Cell proliferation on the various scaffolds was comparable to that of a commercially 

available hydrogel 3D cell culture system, AlgimatrixTM. 

 

When culturing cells in 3D, the means by which cells are harvested or extracted from the 3D 

scaffold for downstream applications is more challenging than in 2D. For this reason, many of 

the 3D scaffolds currently manufactured are either bio-degradable or require the use of salts to 

dissolve the scaffold which may negatively impact on the cells they contain. By grafting the non-

woven scaffolds with the thermoresponsive polymer, poly(N-isopropylacrylamide) (PNIPAAm), 

we demonstrated that cells growing on the scaffolds are able to be released from the scaffold in 

a 3D conformation, non-enzymatically, through temperature changes. Selected 

thermoresponsive non-woven fabrics were also tested in an automated cell culture device for 

cell proliferation and thermally induced harvesting.  

 

One of the applications of a 3D cell culturing system would be in exploration of the many 

diseases plaguing mankind, in particular malaria which is still responsible for severe disease 

and mortality, especially in Africa. Most available antimalarials are designed to target the 

pathogenic blood stages in humans and to address the constant threat of drug resistance. 

However, to meet the objective of malaria eradication, medicines that block parasite 

transmission also need to be developed. Molecules that efficiently target the parasite stages in 

the liver would prevent pathogenesis, symptoms and transmission. Equipped with the 

knowledge that the infectious sporozoites traverse several hepatocytes prior to cell infection, it 

may be physiologically limiting to culture the exo-erythrocytic stage in vitro in a 2D cell culture 

system where the hepatocytes are in an unnatural flat conformation, distinctly different to their in 

vivo counterparts. Moreover, monolayer cell cultures lose their tissue-related functions rapidly, 

greatly impairing the predictive power of such assays. Thus, the second aim of this thesis was 
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to establish if hepatocytes that have been cultured on 3D non-woven scaffolds improve in vitro 

sporozoite invasion compared to conventional 2D systems. Sporozoite invasion was detected in 

the conventional 2D monolayers using a TaqMan® assay but not in the hepatocytes growing in 

3D. Future studies beyond the scope of this thesis will include modifications to the 3D scaffold 

to attempt achieving superior sporozoite invasion in this model system. 
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