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ABSTRACT

High resolution proton magnetic resonance spectroscopy (*H MRS) was used
to distinguish between various tumor specimens differing in their malignancy,
tumorigenicity, invasiveness and differentiation. This study investigates those MR-visible
changes on colorectal carcinoma cells which are specifically due to changes in cellular

differentiation.

A poorly differentiated colorectal carcinoma cell line, SW620, was subjected to
a differentiation inducer, sodium butyrate (NaBT). 3-5 mM NaBT affected growth rate,
morphology, cell cycle phase and activity of brush border marker enzymes indicating
increase in cellular differentiation.

Viable butyrate-treated cells were examined by *H MRS. 1-dimensional and 2-
dimensional COSY water-suppressed spectra of 3 mM and 5 mM NaBT-treated cells
were compared with those of untreated control. One and two dimensional MRS was
used to document specific changes in the biochemical profiles of lipid, metabolites and
cell surface fucose. NaBT-induced cells can be differentiated from untreated SW620
cells on the basis of their increased MR-visible unsaturated lipid profile, reduced
concentration of glycosylation intermediates UDP-hexoses, decreased N-acetylation
and complexity of cell surface fucosylation pattern. These spectral data were in

agreement with those obtained from a more differentiated colorectal cell line, SW1222.

Treatment of cells with NaBT also affected other parameters of culture, not
specifically related to cellular differentiation, such as growth phases, sensitivity to

mechanical injury, extracellular pH and glucose concentration. In order to distinguish the



i
effects of these parameters on MR spectra from the changes specifically caused by
cellular differentiation, the culture conditions of untreated SW620 were artificially
manipulated prior to the MRS examination. These experiments indicated that both
increased lipid and reduced UDP-hexoses may not be unique to the process of

differentiation, but rather result from environmental changes caused by the treatment.

In order to provide further evidence linking differentiation effects with spectral
changes, SW620 cells were also subjected to other methods of inducing differentiation,
namely treatment with dimethyl sulfoxide, retinoic acid, and replacement of glucose by
galactose in the culture media. Cellular differentiation was only obtained after treatment
with dimethyl sulfoxide. The results of these experiments confirmed that reductionin MR
signals from fucose and N-acetylated compounds is associated with differentiated
phenotype, while the increase in lipid is not. Additionally, dependence of N-acetyl and
UDP-hexose concentration on changes in carbohydrate metabolism has been

demonstrated.

MRS is able to distinguish colorectal cells according to the degree of their
differentiation. These data may contribute to more accurate diagnosis of tumors by
distinguishing symptoms of dedifferentiation from those of changes in malignant and
metastatic potential. Results presented in this thesis provide chemical evidence in
support of the role of differentiation in the well recognised adenoma-carcinoma
sequence. MRS also provides biochemical information which, in the future, may aid
better understanding of the processes involved in development and progression of

cancer.
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