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Abstract

Chemotherapy remains a primary treatment for advanced stage colorectal cancer (CRC).
Although more targeted chemotherapeutic agents are under development, currently prescribed
cytotoxic agents target rapidly-dividing cells without discrimination between neoplastic and
non-neoplastic cells, inducing debilitating side-effects with high morbidity and mortality
rates. The development of less injurious chemotherapeutic agents holds promise in alleviating
the negative side-effects of chemotherapy. Fatty acids (FAs) are bioactive aliphatic
monocarboxylic acids categorized by the number of carbon atoms in the aliphatic chain,
classified as short chain fatty acids (SCFAs) (< C8:0), medium chain fatty acids (MCFAS)
(C8-14:0) and long chain fatty acids (LCFAs) (>C16:@3-9). Exogenous applications of FAs
has demonstrated anti-neoplastic properties, and FA have been suggested as adjunctive
chemotherapeutic agents for the treatment of CRC. SCFAs and LCFAs have demonstrated
potent anti-neoplastic properties in in vitro models of CRC. However, there are gaps in the
literature regarding the potential anti-neoplastic properties of MCFAs in CRC. Endogenous
adjunctive CRC therapies manipulate signalling pathways related to the instigation and
progression of CRC, and have only recently been incorporated into standard
chemotherapeutic protocols. The Wnt/B-catenin signalling pathway is dysregulated in the
majority of CRC cases leading to up-regulation of cell proliferation, crypt expansion and
mutated intestinal stem cells (ISC). Inhibition of this pathway has demonstrated a down-
regulation of cell proliferation. However, the effect on the process of crypt fission and ISC
expression is unknown. In vitro (cell culture) technologies are underutilised in investigations
of the biological effect and mechanisms of actions of pharmacological agents, bioactive
agents and anti-neoplastic agents, when related to intestinal function. There is a paucity of

intestinal non-transformed cell lines due to difficulties in the derivation and culture of these
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cells. This thesis investigates the effects of a MCFA on a CRC cell line (Caco-2) and a non-
neoplastic intestinal cell line (IEC-6), and the in vivo endogenous application of Dickkopf-1
(Dkk-1), a Wnt signalling pathway inhibitor. Furthermore, this thesis describes the derivation

of a short term porcine small intestinal cell line.

Initially in Chapter 2, Caco-2 cells were treated with increasing concentrations of the MCFA,
Lauric acid (LA) (C12:0), with cell death compared to the established anti-neoplastic SCFA,
butyrate (C4:0) to induce cell death or cytotoxicity, using a CRC in vitro model. This study
demonstrated the novel finding that LA exerts cytotoxic properties at doses of 0.5mM and
1mM, having induced a significant reduction in cell viability in Caco-2 cells, compared to
butyrate and negative controls, as ascertained by trypan blue exclusion assay. This data is
supported by published cytotoxic studies in lymphoblastic cells. It has been proposed that
anti-neoplastic properties of FAs are carbon atom chain length dependent. On this basis,
preferential cytotoxic properties of MCFAs of differing carbon atom chain lengths were
investigated. LA exerted preferential cytotoxic properties compared to C10:0 and C14:0
MCFAs. Few studies simultaneously investigate the potential negative side-effects of FAs on
non-neoplastic intestinal cell lines. In Chapter 2, the murine small intestinal cell line, IEC-6
was treated with cytotoxic doses of LA. LA induced significant cell death compared to
butyrate and negative control cells. This data supported further investigation into the

mechanisms underpinning cell death induced by LA in Caco-2 and IEC-6 cell lines.

Using flow cytometric analysis compared to butyrate, Chapter 3 demonstrated that cytotoxic
doses of LA induced a significant increase in the percentage of cells undergoing apoptosis as
opposed to necrosis in Caco-2 cells. The new discovery that LA induced apoptosis in Caco-2

cells supported further exploration into the anti-neoplastic mechanisms of LA. Few studies
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have explored the effects of intracellular redox modulation of intestinal cell homeostasis, thus
this study investigated the effect of LA on reduced glutathione (GSH) levels as measured by
enzymatic analysis, ROS generation and modification to cell cycle phases were measured
using flow cytometric analysis. It was determined that LA reduced the availability of GSH,
thereby demonstrating that LA modulated the redox system of the Caco-2 cell line. A
significant increase in levels of ROS was detected in LA-treated Caco-2 cells compared to
butyrate, indicating that LA induced a higher oxidative state than butyrate. Therefore, the
reduction in all phases of the cell cycle in LA treated Caco-2 cells may not have been the key
contributor to the induction of apoptosis. Butyrate induced significant apoptosis in Caco-2
cells compared to PBS-treated controls, reduced GSH levels equivalent to LA, decreased cells
in GO/G1 phases and generated less ROS than LA. These different effects are proposed to be
due to the different carbon atom chain lengths of butyrate and LA. LA at cytotoxic doses
significantly reduced cell viability in IEC-6 cells, associated with a reduction in GSH,
generation of ROS and modification to all cell cycle phases. Butyrate on the other hand did
not decrease IEC-6 viability, reduce GSH, modify phases of the cell cycle or generate ROS,
indicating that this SCFA did not influence the redox system of this cell line. This may have
been related to the genetic differences in non-transformed (p53 and Wnt positive wild type)

and transformed cell lines (p53 and Whnt signalling mutant).

Mutations in Wnt/B-catenin are present in the majority of CRC cases, resulting in over-
expression of the downstream molecule, B-catenin, inducing uncontrolled cell proliferation
leading to up-regulation of crypt fission, a precursor and promoter of CRC polyps, thereby
generating a greater number of crypts which produce mutated intestinal stem cells to populate
CRC tumours. Dickkopf (Dkk-1) is a pan negative regulator of the Wnt/B-catenin signalling

system. In Chapter 4 neonatal rats (day 11-15) were treated with increasing doses of Dkk-1
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(30ng and 100ng). A microdissection technique in the small intestine demonstrated that both
doses of Dkk-1 reduced villus and crypt areas significantly. Therefore, it was concluded that
Dkk-1 reduced crypt fission but not crypt hyperplasia in neonatal rats. The Wnt controlled
intestinal stem cell (ISC) marker Lgr5 mRNA was significantly reduced in Dkk-1 treated
animals in both the small and large intestine. Expression of other ISC markers, DCAMKL-1,
Bmil and OLFM4 mRNA remained unchanged in the small intestine. In the large intestine the
ISC marker DCAMKL-1 mRNA expression remained unchanged. Bmil and OLFM4 mRNA
expression was significantly reduced. Protein expression of the Wnt downstream effector
molecule, B-catenin, as measured by immunohistochemistry, was significantly reduced in the

small intestine of Dkk-1 treated animals.

Rapid and easily reproducible cell culture models are essential for expanding studies of
intestinal function and investigations into pharmacological and nutraceutical agents,
concomitantly reducing the use of research animals. In Chapter 5 a hybrid of intestinal
primary cell isolation methods was used to derive a short-term porcine small intestinal cell
line. Cells were isolated from the jejunum and ileum of a stillborn large white piglet, and, for
the first time, maintained in culture for a 5 week period before reaching senescence. This
demonstrates that a non-transformed epithelial cell line can be generated using basic cell
culture practices, leading to the increased capacity to evaluated bioactive molecules on normal

intestinal epithelial cells.

In conclusion, this thesis has provided new evidence into the anti-neoplastic properties of
MCFAs in a CRC model. The MCFA, LA modulated the intracellular redox system, inducing
apoptosis in Caco-2 cells, with short carbon atom chain FAs inducing a lesser degree of cell

death. This finding is important as it demonstrates that carbon atom chain length influences
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the rate of apoptosis and possibly the mechanisms underpinning this cytotoxicity. Thus, FAS
hold promise to augment adjunctive chemotherapeutic agents. It is essential that FAs of all
carbon atom chain lengths are evaluated both in vitro and in vivo for anti-neoplastic potential.
Another key finding of this thesis was that crypt fission is negatively regulated by inhibition
of the Wnt signalling system, critical in reducing the number of neoplastic adenomas and
mutated ISC populations. This finding has potential for the use of negative regulators of the
Whnt/B-catenin signalling system as possible adjunctive CRC chemotherapeutic agents.
Finally, a new method to derive an intestinal cell line was developed. This simple method
opens up wider scientific opportunities to evaluate the effects of bioactive compounds on

species-specific non-transformed intestinal cells.
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=
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