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ABSTRACT:

Since the discovery of the p120°" binding partner, Kaiso, a BTB/POZ transcription
factor, several studies have implicated the protein in both development and
tumourigenesis. Most information about Kaiso’s function in vertebrate development has
been gleaned from studies in Xenopus laevis embryos where Kaiso negatively regulates
the Wnt signalling pathway. Since the Wnt signalling pathway is crucial in intestinal
development, intestinal-specific Kaiso overexpressing mice were generated and
characterized to elucidate Kaiso’s role in a mammalian context. Kaiso transgenic

Tg/+

(Kaiso' ™) mice were viable and fertile but developed gross histopathological changes in

Tg/+

the small intestine. The Kaiso mice exhibited enlarged crypts accompanied by

increased secretory cell differentiation reminiscent of inhibition of the Notch pathway.

Tgl+

Indeed, the Notch effector protein, HESL, is decreased in Kaiso *" mice. Additionally,

Kaiso'¥*

mice display a neutrophil-specific intestinal inflammation reminiscent of the
knockdown of p120°". Interestingly, the Kaiso'™®" mice display decreased p120°"
localization at the membranes and an increase in the neutrophil adhesion molecule,
ICAM-1, both of which induce neutrophilia. Notably, the Kaiso™* mice developed
multiple crypt abscesses over time due to massive neutrophil infiltration of the epithelial
cell layers. This is the first study to examine the in vivo roles of Kaiso in a mammalian

context and our findings suggest a regulatory role for Kaiso in the inflammatory and

Notch signalling pathways.
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CHAPTER 1: INTRODUCTION

The gastrointestinal (Gl) tract is an important and fascinating vital organ system. In
addition to digesting food and facilitating the uptake of nutrients, it also provides an
internal line of defense against pathogens and other harmful agents, while allowing
beneficial microbiota to flourish. Accomplishing these diverse tasks requires a healthy Gl
tract be maintained through the delicate balance of proper homeostasis. Disruptions in
pathways involved in regulating intestinal homeostasis, such as the canonical Wnt
(hereafter Wnt) and Notch signalling pathways, greatly increases the risk of developing

diseases such as Inflammatory Bowel Disease (IBD) and Colorectal Cancer (CRC).

Canada has one of the highest incidence rates of IBD in the world; ~1/150
Canadian live with IBD (~233,000 Canadians), and ~10,000 new cases are diagnosed
every year (Canadian Colitis Association Annual Review, 2013). Due to the persistent
inflammation of the colon, young patients diagnosed with IBD are at increased risk of
developing CRC which accounts for ~13% of all newly diagnosed cancers in Canada,
making it the second most diagnosed cancer in males and third in females (Canadian
Cancer Society, 2014; Lutgens et al., 2013). It is hypothesized that sporadic CRC and
IBD both result from the same genetic mutations, though the exact mechanism is yet to
be elucidated (reviewed in Ahmadi et al., 2009). In this study, we investigated the role of
the novel transcription factor, Kaiso, in intestinal homeostasis and its contribution to

chronic intestinal inflammation.
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1.1 INTESTINAL ANATOMY

Functionally, the intestines are segmented into the small and large intestines, which
are responsible for nutrient and water absorption respectively (De Mey and Freund,
2013). The mucosa of the small intestine (SI) is organized into finger-like projections
called villi, which serve to maximize the surface area for nutrient absorption by extending
into the lumen of the gut (Vanuytsel et al., 2013). Neighbouring villi are separated by
deep invaginations, called crypts, where the stem cells and the highly proliferative

progenitor cells reside (Vanuytsel et al., 2013).

The Sl epithelium is comprised of several short-lived cell types that must be
continually renewed through differentiation of the progenitor cells located near the base
of the crypts (Solanas and Batlle, 2011). The undifferentiated progenitor cells give rise to
five known epithelial cell types that populate the crypt-villus axis; they are the absorptive
enterocytes, mucous-secreting goblet cells, hormone-releasing enteroendocrine (EEC)
cells, antimicrobial peptide-secreting Paneth cells, and the newly discovered tuft cells
whose function is unclear (Solanas and Batlle, 2011). All but one (Paneth cells) of these
intestinal epithelial cell types migrate up from the base of the crypts and are eventually
shed into the lumen of the intestine at the villi tips after 3-5 days (Solanas and Batlle,
2011). The absorptive enterocytes are the most abundant cell type in the intestine and
their primary function is nutrient absorption (Noah et al., 2011). As the most abundant
cells in the intestines, enterocytes come into contact with the external environment and
act as the host’s first line of defense against potentially harmful agents (microbes and/or

chemicals) (Pastorelli et al., 2013). Goblet cells are the second-most abundant cell type
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and they produce mucus that further protects the mucosal surface and reinforces the
intestinal barrier (Pastorelli et al., 2013). Unlike the other intestinal cell types, Paneth
cells migrate downwards towards the crypt base where they localize and reside alongside
intestinal stem cells (Solanas and Batlle, 2011) (Figure 1.1). Paneth cells secrete
antimicrobial peptides that are involved in excluding bacteria from the epithelial surface
to further establish a biochemical barrier in the SI (Peterson and Artis, 2014). Finally, the
EEC and tuft cells represent <1% of all intestinal epithelial cells and are scattered
throughout the crypts and the villi (Solanas and Batlle, 2011) (Figure 1.1). EEC cells are
further differentiated into 16 subtypes, which secrete various gut hormones, and are

associated with glucose homeostasis and thus energy intake (Noah et al., 2011).

Unlike the small intestines, the mucosa of the large intestine (LI) is comprised of a
flattened surface that lacks villi but is separated into crypts (Noah et al., 2011). The
epithelial precursor cells give rise to absorptive colonocytes, EEC, and goblet cells. These
differentiated cells are present on the surface epithelium and the top third of the crypts of
the LI (Kapoor et al., 2007). The LI is responsible for most of the water and vitamin

absorption (De Mey and Freund, 2013).

A healthy intestinal epithelium requires interactions between the epithelial cells and
the surrounding mesenchyme, along with proper differentiation, proliferation, and
communication between cells and beneficial microbes, all of which helps to maintain

overall intestinal homeostasis (Maloy and Powrie, 2011).
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Figure 1.1: Small intestine anatomy and homeostasis.

A depiction of a villus with connected crypts where progenitor cells contribute to the
renewal of differentiated epithelial cells. Stem cells lie near the crypt base, intercalated
between the Paneth cells. Differentiated epithelial cells that migrate up the crypt-villus
axis include the enterocytes, goblet cells, enteroendocrine cells and the tuft cells. Various
signalling pathways are involved in maintaining intestinal homeostasis and there is a
gradient of signalling activity along the crypt-villus axis. The Hedgehog (Hh), Bone
morphogenic protein (BMP), Wnt and Notch pathways function in different regions along
the crypt-villus axis. Hh and BMP signalling occurs primarily in the apical region of the
villus whereas the Wnt and Notch signalling pathways are active within the crypts of the
intestines. Wnt signalling decreases from the crypts to the villi while BMP signalling
increases. Wnt and Notch signalling are concentrated in the crypts where they influence
differentiation and proliferation of the progenitor cells. Original illustration inspired from

(Gregorieff and Clevers, 2005).
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1.2 INTESTINAL HOMEOSTASIS

Intestinal homeostasis refers to the proper maintenance of the intestine’s internal
environment, i.e. regulation of the microbiota, host innate immune system and the
intestinal epithelial cells (Maloy and Powrie, 2011). Intestinal homeostasis requires a
continual renewal of the single cell layered epithelium every 3-5 days. This epithelial
layer maintains the physical barrier separating the intestinal microbiota from the
underlying tissues, thus preventing bacterial infiltration (Vereecke et al., 2011). A
complex network of signalling pathways work together to ensure the proper regeneration
of the intestinal epithelium. This network includes pathways such as the Hedgehog (Hh),
the platelet-derived growth factor (PDGF), the bone morphogenic protein (BMP), the
Whnt, and the Notch signalling pathways, all of which function in different regions along
the crypt-villus axis (reviewed in Crosnier et al., 2006; Vanuytsel et al., 2013). The Hh
and PDGF signals are produced within the epithelium and their respective receptors are
found in the mesenchymal cells (reviewed in Crosnier et al., 2006). On the other hand,
Whnt ligands are produced by the mesenchyme while the Wnt receptors are found on the
epithelial cells (Crosnier et al., 2006). Both BMP signals and receptors are found in the
mesenchymal and epithelial cells, while Notch signals and receptors are found only on
the epithelial cells (reviewed in Crosnier et al., 2006; Vanuytsel et al., 2013). The Hh,
PDGF and BMP pathways are all involved in establishing the villar and crypt
compartments of the intestines and are concentrated within the villar regions (reviewed in
Vanuytsel et al., 2013). In contrast, Wnt and Notch signalling are involved in maintaining

the proliferation and differentiation within the stem cell compartment of the crypts, and
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are thus concentrated within the crypt regions (reviewed in Vanuytsel et al., 2013). This

study focuses on the latter two pathways, which are discussed in greater detail below.

1.2.1 The Wnt signalling pathway
The Whnt signalling pathway has been extensively studied in the mammalian

intestines where it plays critical roles in stem cell maintenance and proliferation (Solanas
and Batlle, 2011; Vereecke et al., 2011). The Wnt signalling pathways are categorized
into the PB-catenin dependent canonical pathway and the B-catenin independent non-
canonical pathway (Rao and Kuhl, 2010). The relative concentration of the Wnt ligands
and receptors in the tissue microenvironme