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2 ABSTRACT

Patients with high-risk stage Il colorectal cancer lack Caudal homeobox 2 (CDX2) expression
and have appeared to benefit from adjuvant chemotherapy or surgery. CDX2 is a key
regulator in maintaining the intestinal homeostasis and in important for the differentiation of
epithelial cells. CDX2 needs to be tightly regulated to maintain homeostasis of the colon and

the differentiation of the epithelial cells otherwise it can lead to cancerous consequences.

This thesis investigates modulations of CDX2’s gene regulatory activity through
posttranscriptional modifications. This is done by using the new cell line LS174T7D9, in
which two system can regulate the CDX2 driven promoter activity of pGL4.10-IL-33-
promoter-enhancer and Wnt driven promoter activity of TOPflash through induction with
doxycycline (DOX). Screening of 196 kinase inhibitor aids in identifying a regulatory effect
on the CDX2 and last identify CDX’2 regulatory effect on target genes ABCB1, IL-33 and

MYC expression.

From the 196 kinases inhibitor, 4 Kls was found to have a regulatory effect on CDX2 and
showed significant difference. These were SB 525334, PD0332991, Everolimus and XL765,
all kinase inhibitors that regulates cell proliferation, cell survival, cell growth, cell cycle and

cell differentiation.

LS174T7D9 is a promising new model organism for researching modulations of CDX2’s
gene regulatory activity through posttranscriptional modifications and it provided 4 new

pathways in which CDX2 is regulated on a posttranslational level.
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4 INTRODUCTION

On average, from 2012-2016, 1.721 males and 1.658 females were diagnosed with colorectal
cancer (CRC) each year in Denmark. The survival rate has been increasing over the last
couple of years, with 84% males and 85% of females surviving after 1 year. After 5 years the
survival rate is 63% for males and 65% for females (Nordcan & Kraftens bekempelse -
visited 17/06/2021). Patients with CRC often undergoes treatment either by chemotherapy or
surgery or a combination of both. However, 30% of these patient experience relapse after
surgery. It has been found that patients with a high-risk stage 1l CRC lack Caudal homeobox
2 (CDX2) expression and have appeared to benefit from adjuvant chemotherapy. Therefore, it
has been concluded that CDX2 expression is a possible prognostic biomarker for both stage 11
and stage 111 of colon cancer (Dalerba et al., 2016). However, the current knowledge of how
the mechanism that is controlling the expression of the CDX2 gene/protein is deficient.
CDX2 is a key regulator in the intestinal epithelium and the genes that are regulated by
CDX2 are important for differentiation and homeostasis of the intestinal epithelia cells.
Further studies have indicated that knock-out of the CDX2 gene removes the normal state of
the epithelia function and thereby increases the risk of the intestinal cells to transform into
cancer like cells. This indicated that the CDX2 function as a tumor suppressor (Hryniuk et la.,
2014). However, non-intestinal tissue with aberrant CDX2 expression act as an oncogenic
driver (Barros et al., 2012; Rawat et al., 2012; Tamagawa et al., 2012). Therefore, tight
regulation of the CDX2 activity for normal differentiation and homeostasis in the different
tissues are important, if not regulated properly it can lead to cancerous consequences.
Moreover, Larsen et al. 2018 investigated the transcriptional regulation of interleukin 33 (IL-
33) and alarmin and found that CDX2 is an important transcription factor for IL-33 promoter
activity and have a key role in the high expression levels in the intestinal epithelial cells.
Currently, the mechanisms behind the transcription and regulation of IL-33 inside the nucleus
remains elusive, however its function outside the cell is comprehensive. Furthermore, there
have been indications of cross talk between CDX2 and the stem cell niche regulator
Wingless-type (Wnt) signalling pathway, which controls the maintenance of the stem cell
niche, cell proliferation, cell migration and cell fate all key components for maintaining the
progression of CRC development. Based on these previous finding, this thesis will investigate

the following hypothesis and aim:
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Hypothesis:
CDX2 has a regulatory role in the development of colorectal cancer.
Aim:

To investigate possible modulations of CDX2’s gene regulatory activity through

posttranscriptional modifications.
More specifically, the goals were:

- To use the newly modified cell line LS174T7D9 for the induction of CDX2 driven
promoter activity of pGL4.10-I1L-33-promoter-enhancer construct and Wnt driven
promoter activity of TOPflash construct

- To identify kinase inhibitors that have a regulatory effect on the promoter activity by
screening a kinase inhibitor library

- To identify CDX2’s regulatory effect on target genes ABCBL, IL/33 and MYC
expression, when stimulated with top five kinase inhibitors selected from the

screening of the kinase inhibitor library
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5 BACKGROUND

5.1 CDX2 AND ITS ROLE IN REGULATING AND MAINTAINING THE COLON
EPITHELIA

5.1.1 Normal homeostasis of colon epithelial
The human intestinal epithelial are rapidly regenerated and cell proliferation and

differentiation of the epithelial in the small intestines and colon are tightly regulated by
various genes and transcriptions factors and through this homeostasis are maintained.
The structure of the colon epithelial are lined with tubular glands called crypts, which turn
inwards. The crypts are alle divided in to three parts and each part have a different function.
At the bottom is the stem cell niche which divide and then produce the proliferating cells also
called transient amplifying cells, which then moves up to reside in the middle of the crypt.
The transient proliferating cells migrate further to the top of the crypt and the cells become
more differentiated. Different types of colonocytes produced from the stem cells and transient
amplifying cells are goblet cells, which secret mucous, Paneth cells, which is a part of the
innate immune system, and enteroendocrine cells, which produce/release hormones. The
differentiated cells remain at the luminal surface until they undergo apoptosis or phagocytosis
and are thereby shredded into the lumen. This occurs approx. 5-7 days after the stem cells

starts producing the cells at the bottom of the crypts.

At the bottom of the crypt is the stem cell niche, which is maintained by epidermal growth
factors (EGF), Notch inhibitors of bone morphogenetics protein (BMP) and wingless-type
(Wnt) (Spit et al., 2018) As shown in Figure 1, the expression of the different signalling
components variants depending on where in the crypts you look. All four signalling
components has highly expressed at the bottom of the crypt. When moving along the
transient amplifying zone Wnt, EGF and Notch is still expressed, however, BMP inhibitors
decreases and the level of BMP increases moving up to the differentiated cells and toward the
luminal surface. When the cells are differentiated the expression levels of Wnt, EGF and
Notch are decreased.
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Figure 1 Signalling components in the stem cell niche, proliferation and differentiation of the colon epithelial. The figure
shows that during the stem cell niche and proliferation the Wnt expression is high. EGF and Notch remain constant during
the stem cell niche and almost throughout the cell proliferating state. BMP inhibitors are expressed during the stem cell
niche but decreases before cell proliferation and then slowing start to increase as the cells goes from a proliferating state to
differentiating state. CDX2’s expression remains decrease during the stem cell niche but increase along cell proliferation
and is high during differentiation. When Wnt decrease during cell proliferation, CDX2 increase in expression during cell
proliferation into differentiation (modified version from Davidsen et al.,2018).

5.1.2 The canonical Wnt signalling pathway
Whnt transduction signalling happens through the binding of Wnt ligands from the

extracellular matrix (ECM) to its receptor. Moreover, the activation of the Wnt pathway is
also dependent on the presence of R-spondins, which is a soluble protein that binds to LGR
family transmembrane receptor (Yan et al., 2017). If R-spondins are not present, this will lead
to the degradation of the receptors Frizzled (FDZD) and lipoprotein receptor-related protein
(LRP) through ubiquitination (Hao et al., 2012), which both are part of Wnt’s receptor. The
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signalling pathway can operate in two different ways, either through non-canonical or
canonical. Non-canonical Wnt pathway regulates cell polarization during epithelial
development and intracellular Ca2+ influx (Hoppler & Kavanagh, 2007), whereas the
activation of the canonical Wnt pathway regulates targets genes and stem cell renewal, cell
proliferation, cell migration and cell survival. (Komiya & Habas, 2008; Fagotto et al., 1998;
Cong & Varmus, 2004; Schwarz-Romond et al., 2007).

Figure 2 illustrates the following: If Wnt is not present, LRP and FDZD maintain their
position in the cell membrane. The degradation complex containing scaffold protein Axin,
Casein kinase 1 o (CKla), Glycogen synthase kinase 3 (GSK3), Adenomatosis Polyposis
Coli (APC) and B-catenin. B-catenin is phosphorylated by CK1 a and then degraded through
ubiquitin-mediated proteolysis, which leads to no transcriptional activation of target genes in
the nucleus. In the absence of B-catenin , transcription factor 7-like 2 (TCF7L2) forms a
complex with the co-repressor Groucho, making TCF7L2 a transcriptional repressor. When
Whnt is present in the ECM it binds to the FDZD/LRP complex and induces membrane
translocation. Dishevelled (Dsh) inhibits the activity of GSK-3 enzyme in the degradation
complex, which leads to the accumulation and stabilization of B-catenin in the cytoplasm.
The translocation of B-catenin to the nucleus remains elusive. It is proposed that it is
transported together with other factors, Axin being one of the possible factors. In the nucleus,
B-catenin replaces the co-repressor Groucho, thereby turning TCF7L2 into a transcriptional
activator (Kriegl et al., 2010; Pinto et al., 2003), which makes (-catenin a co-activator. This
complex then activates the transcription of downstream target genes such as c-myc and
cycline D1 (Fevr et al., 2007; Yu et al., 2019)

Page 5 of 76



Activated Wnt Signaling Pathway Inhibited Wnt Signaling Pathway

LRP Frizzled LRP Frizzled
®00000e0000000000 ©00000000080000000000000000a000000000000fllbesscncsosdiiNIRIRENIREN- - sccecece 0000000000000
EEECTREETEEEEEEE X ! 1 | | | | EEEEEEEEEEErEEE eseossosses sesssvancsee cesssso s 920930000000 000000000000

Dishevelled CKia

l ( GSK-38 ) B-Catenin HP)
( GSK-3B Axin )
f N e
| Axin > =
@ \ / ‘~.~ )
D) —\i) ro ©
J/

0,
050
NS o o
(B<Calenin3 7
& 1 Ubiquitin-mediated
biquitin-mediated
proteolysis

Groucho

Created in BioRender.com bio

Figure 2 Wnt signalling pathway. Left: When Wnt is not present, beta-catenin is degraded by the degradation complex,
which consists of GSK3beta, CKlalfa, APC and AXIN. Beta-catenin remain in the intracellular space and transcription of
target genes is inhibited by Groucho binding to the TCFL” transcription factor. Right: When Wnt ligands are present and
bind to the Wnt receptor (LRP/FZD), beta-catenin will accumulate inside the intracellular space and cross the nucleus
membrane. Here it binds to TCF7L2 and initiate transcription of target gene (Created with biorender template for Wnt
signalling pathway).

Studies of Wnt signalling have, as already stated, an important role in maintaining the stem
cell niche, while other studies have investigated its role maintaining the transient amplifying
zone of the intestinal crypts (Kuhnert et al., 2005; Pinto et al., 2003). A study using
genetically modified mice, which lacked TCF7L2, showed the important role of Wnt
signalling, in relation to the lack of proliferative ability of the intestinal crypts (Korinek et la.,
1998). When deleting beta-catenin and TCF7L2 together with overexpression of Dickkopfl,
an inhibitor of Wnt, resulted in a ceased proliferation of the crypts as well (Fevr et al., 2007,
Pinto et al., 2003; van Es et al., 2012). Under normal homeostasis, Wnt decreases when the
cell stops to proliferate and start to differentiate, this has been found to be correlated with
TCF7L2 trigger the shift in the two states (Kuhnert et la., 2004; Mariadason et al., 2001,
Pinto et al., 2003).
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5.1.3 CDX2’s role in differentiation of the colon epithelial
A key factor involved in the regulation of proliferation and differentiation of the epithelial is

Caudal homeobox 2 (CDX2). CDX2 is a homeodomain transcription factor and is important
for the development and homeostasis of the colon. CDX2 binds to gene enhancers and
promoter regions on DNA and functions mainly as an activator (Pinto et al., 2017) but
sometimes also a repressor (Drummond et al., 1997). Previous articles have shown that the
differentiation of colon epithelial is downregulated in the absence of CDX2 and that CDX2 is
important for the differentiation of the colon epithelium. Further results showed that murine
experiments with knock-down of CDX2 revealed severe diarrhoea and rapid defecation, but
continuation of proliferation and lack of differentiation of the colon epithelium (Natoli et al.,
2013; Hryniuk et al., 2012). One study using intestinal organoids, which did not have CDX2
expression present in the cells, showed that the differentiation of the cells turns into a gastric
like lineage, rather than the differentiation into the colon epithelium (Simmini et al., 2014).
CDX2 further modulates and regulates cell adhesion, migration, and tumorigenesis. If the
controlled expression of CDX2 is lost, it can lead to various intestinal diseases and
developmental disorders such as inflammatory bowel disease, Crohn’s disease, and colorectal

cancer (CRC). The last is the focus of this thesis.

5.1.4 How is the intestinal homeostasis regulated by CDX2?
Many kinds of genes are involved in the functioning and structure of the colon. These genes

have been shown to be transcriptionally regulated by CDX2. CDX2 regulates different
processes taking place in the colon such as nutrients breakdown and uptake, cell-cell
adhesion and tight junctions, regulation of transcription factors, the intestinal barrier and cell
migration (Error! Reference source not found.). Transport of nutrients such as iron have
been shown to be regulated by CDX2. Expression of the iron-transport protein hephaestin
(HEPH), which transports iron from processed food, is regulated by CDX2 (Boyd et al.,
2010; Coskun et al., 2012; Hinoi et al., 2005). Furthermore, the enzyme Meprin 1 A
(MEP1A) and lactase is also regulated by CDX2. MEP1A is a membrane associated protein,
that hydrolysis various peptides and protein substrates, whereas lactase is responsible for
hydrolysis of lactose. These findings highlight CDX2’s role in breakdown and transport of
nutrients. To maintain and uphold the integrity of the colon, CDX2 has been found to
regulate different factors which is important for cell adhesion and tight junctions. CDX2 has
been linked to the cadherins family, which mediates cell-cell adhesion, and has been coupled
to transcription of glycoprotein A33 (GPA33) (Hinio et al., 2002; Pinto et al., 2017). GPA33

has been implicated in the cell-cell adhesion and maintenance of the intestinal barrier
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function (Johnstone et al., 2000; Ackerman et al., 2008; Williams et al., 2015). CDX2 has
further been linked to claudins, which is membrane proteins that act as a critical component
in creating tight junctions between epithelial cells (Bhat et al., 2012; Sakaguchi et al., 2002;
Satake et al., 2008). Tight junction further upholds the permeability of the epithelial barrier,
and it has been shown that CDX2 regulates the transcription of ST14, which encodes
transmembrane serine protease matripase a component of maintaining the permeability. On a
post-translational level, matripase is regulated by two inhibitors SPINT1 and SPINT2. SPNT1
transcription is further regulated by CDX2 as well (Danielsen et al., 2018). Together with
permeability, the surface of the gastrointestinal tract must be protected against acid, enzymes,
food, and bacteria and one way to protect the surface is the production of mucins (Krishn er
al., 2016). Mucins are secreted by goblet cells, and they give a protective layer of lubrication
on the surface. A study has shown that a number of mucins are transcriptionally regulated by
CDX2, these mucins being MUC5AC, MUC5B and MUCS6 (Pinto et al., 2017). In relation to
cell migration taking place in the colon, two genes have been seen to be transcriptionally
regulated by CDX2. The first being laminin subunit y 2 (LAMC2) an extracellular matrix
(ECM) protein important for cell migration and the second being ELMO 3 which encodes a
scaffold protein that stimulate cell migration. CDX2 is further involved in transcriptional
regulation of other transcription factors, which is important for e.g., proliferation, migration,
adhesion, ECM organization, crypt formation, cell-cell adhesion, and goblet cell maturation.
Yes-associated protein 1 (YAP1) is a co-transcription factor and it have been shown that
genes important for proliferation, adhesion, migration and ECM organization is regulated by
YAPL. CDX2 regulates YAP1 by binding to its enhancer region and thereby regulates the
before mentioned processes (Larsen et al., 2019). Another transcription factor regulated by
CDX2 is hepatocyte nuclear factor 4 o. (HNF-a) gene (Boyd et al., 2010), this transcription
factor plays a vital role in crypt formation, cell-cell adhesion, and goblet cell maturation
(Cattin et al., 2009; Garrison et al., 2006). Studies have indicated at link between CDX2
expression and Wnt-signalling. The studies found a correlation in expression between CDX2,
APC and beta-catenin. Loss of CDX2 expression showed an inversely correlation with beta-
catenin. Furthermore, experiments with colon cancer cells lines indicated that CDX2 bound
to the promoter region of APC and AXIN2, lead to the activation of transcription (Olsen et al.,
2014). Thereby increasing the degradation of beta-catenin and thus stopping cell
proliferation, cell fate and cell migration. Taken together, these examples give an insight to
how CDX2 cooperates with other broadly expressed transcription factors thereby regulating
different aspects of the intestinal homeostasis.
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CDX2's regulation of the intestinal homeostasis
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Figure 3 CDX2’s role in regulation of the intestinal homeostasis. The illustration shows the CDX2 regulate nutrient uptake
through HEPH, MEP1A and lactase. It regulates transcription factors such as YAP1 and HNF4alfa, intestinal barriers such as
Mucins, cell migration through ELMO3 and LAMC2, Cell-cell adhesion and tight junction through cadherins, GPA-33,
Claudins and Matriptase (Own creation through BioRender).

5.1.5 Regulation of CDX2
Expression of CDX2 is regulated by many different factors (Figure 4). First off, the

expression of CDX2, can autoregulate itself by activating transcription from its own promoter
(Barros et al., 2011; Boyd et al., 2010). Regulation of CDX2 can happen at both
transcriptional and post-translational levels. Transcriptional regulation can happen with a
combination of different factors, such as TCF7L2, HNF-alfa, GATAG6, NF-KB and promoter
methylation, whereas the latter inhibits the expression of CDX2 (Benahmed et al., 2008;
Boyd et al., 2009; Kim et al., 2002; Graule et al., 2018). Post-translational regulation of the
expression of CDX2 can happen through MAPK pathway, which can control/stimulates cell
proliferation. When phosphorylating serine 60 via the MAPK pathway the transactivation
capacity decrease of CDX2. This decrease was found by adding the kinase inhibitor U0126,
which targets MEK1/2 in the MAPK pathway (Rings et al., 2001). Furthermore, when
phosphorylated by p38, which is a member of the MAPK family, the transactivation of CDX2
increased. Kinase inhibitor SB203580 was used to inhibit p38 and thereby showing the
increase of the transactivation (Houde et al., 2001). The inflammatory cytokine tumour

necrosis factor-alfa (TNF-a) has been showed to influence the expression of CDX2 at the
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invasive front and in tumour buddings in CRC. Moreover, oxygen supply might be able
changes the expression of CDX2 through hypoxia-inducible factor-1a (HIF-1a). Research
showed that CDX2 mRNA levels decreased when hypoxia was induced in colon cancer cell
lines (Zheng et al., 2014). Degradation of CDX2 has shown to be targeted by Cdk2 after its
phosphorylation of CDX2 and thereby regulating CDX2 activity in coordination with the cell
cycle process (Boulanger et al., 2005). Further regulatory factors of CDX2 are spares and

need to be elucidated, which will be one of the main focuses of this thesis.

Regulation of CDX2 on a transcriptional and
post-translational level

Phosphorylation

Ll through MAPK
TCF7L2
Phosphorylation by
CDX2 p38
HNFalfa /\
NF-kappaB
: Phosphrylation by
Cdk2
Promoter
methylation
Transcriptional regulation Post translational regulation

Created in BioRender.com bio

Figure 4 Transcriptional and post-translational regulation of CDX2. The figure illustrates the regulation of CDX2 on a
transcriptional level and a post-translational level. CDX2 is regulated by GATA6, TCF7L2, HNFa, NF-kB and by promoter
methylation at a transcriptional level. CDX2 is regulated by phosphorylation though MAPK, p38 and Cdk2 on a post-
translational level (own creation through BioRender).

5.2 COLORECTAL CANCER DEVELOPMENT
Most colon cancers are adenocarcinomas, which originates from adenomatous precursor

lesions/polyps and over time they will grow and degree of dysplasia, this resulting in tumours
(Grady & Markowitz, 2016). As mentioned in the introduction the median age when
diagnosed with CRC is approximately 70 (Brenner et al., 2014). Risk factors includes, age,
which has been the most dominant factor, but also inflammatory bowel disease (Jess et al.,

2012) smoking (Liang et al., 2009), obesity (Ma et al., 2013) excessive alcohol consumption
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(Fedirko et al., 2011), diabetes (Jiang et al., 2011) high consumption of red and processed
meats (Chan et al., 2011) and family history of colon cancer (Taylor et al., 2010). There are
increasing incidents of CRC with young adults under 50 and this could be the result of
difference in diet, sedentary lifestyle and rise of obesity (Cai et la., 2019; Loomans-Kropp &
Umar, 2019). Some of the molecular risk factors for developing CRC includes genetic event
and genomic instability (Hannahan & Weinberg, 2011). Genomic and epigenomic instability
in colon cancer includes chromosomal instability (CIN), microsatellite stable (MSS),
microsatellite instability (MSI) and CpG island methylator phenotype (CIMP). CIN is
observed in 70-85% of sporadic cancer and typically comes as duplications or deletions of the
either the whole chromosome or parts of the chromosome (Grady & Markowitz, 2016). For
MSS and MSI, MSS is often associated with APC loss, which leads to adenomas, whereas
MSI is associated with DNA mismatch repair (MMR) defects and these defects results in
increased mutation rate of the entire genome (Novellasdemut et al., 2015). When CpG-island
is hypermethylated it results in gene silencing through the CIMP pathway. Based on these
different pathways a tumour can be the result or exhibit features from multiple pathways a
once (Grady & Markowitz, 2016).

The degrees of colon cancer can be determined by describing the primary tumour (T), the
involvement of regional lymph node (N) and metastasis to distant sites (M). TNM id further
classified into staging groups I-1V, where stages | describe the tumour to be in the submucosa
or muscular layer of the colon and stage IV describes the tumour with distant metastasis
(Pifieros et al., 2019). A study has shown that 5-year survival with patients have stage | and Il
IS 90% and patients with stages Il and Il is 71%. This indicate that the mortality rate is
mostly dependent on stage of the disease at the time the patients is diagnosed (Mattiuzzi et
al., 2019). When diagnosed with CRC the primary treatment is surgical resection of the
tumour and dependents on the stage adjuvant chemotherapy is added. Adjuvant
chemotherapy is often used for patients with stage Il and IV diagnoses, however, some
subsets of patients with stage Il have shown also to benefit from adjuvant chemotherapy,
even though 80% of these patients are cured slowly by surgery (Kannarkatt et al., 2017). In
Denmark, the following adjuvant chemotherapy drug is used after surgery, those being 5-
Flouroracil (5-FU), Capecitabin and Oxaliplatin (Kraeftens bekempelse - Visited
17/06/2021). When patients undergo surgery, the surgery can induce a surgical stress
response, which can lead to reduced anti-tumoural defense and can increase in inflammatory

factors (Neeman & Ben-Eliyahu, 2013), which leads to an increased risk of postoperative
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recurrence. Furthermore, van der Bij et al., 2009 found that after curative resection, the risk
of relapse was up to 30% with patients. Patients with a high-risk stage Il colon cancer lack
CDX2 expression and have appeared to benefit from adjuvant chemotherapy. In the

following section CDX2’s role in colorectal cancer will be elaborated.

5.2.1 CDX2’s role in tumorigenesis and metastasis
Loss of CDX2 expression is a common event in tumorigenesis labelling CDX2 a tumour

suppressor (Mallo et al., 1997). However, the gene CDX2 is rarely mutated, but epigenetic
changes, e.g hypermutation of the CDX2’s promoter, are thought to be the leading course of
downregulation or loss of expression of CDX2 (Xia et al., 2009; Dawson et al., 2014; Graule
et al., 2019). Complete deletion of CDX2 in mice embryos resulted in death before birth and
heterozygote CDX2 mice developed multiple adenomatous polyps (Chawengsakophak et al.,
1997). Further studies with mice also showed that when a mosaic deletion of CDX2 was
present the mice a gastric-like lesion occurred but did not spontaneously evolve into cancer.
But when paired with mice containing mutant Apc there was a significant increase in tumour
formation (Balbinot er al., 2018; Hrynuik et al., 2014). It was further indicated that CDX2
depleted cells do not become tumorigenic, but the depleted cells stimulate tumorigenesis in
adjacent CDX2 intact Apc mutated cells (Balbinot et al., 2018) As mentioned before, CDX2
can function as a tumour suppressor, but studies have found that CDX2 possess oncogenic
properties. CDX2 has been considered an oncogene in cancers such as leukaemia, gastric
intestinal and esophagus cancers (Barros et al., 2012; Rawat et al., 2012; Tamagawa et al.,
2012). Human colon cancer cells, which exhibits chromosomal instability, by having
amplified the CDX2 locus, which plays a crucial role in colon cancer cell survival (Subtil et
al., 2007). In vitro and in vivo experiments have seen that knock down of CDX2 in colon
cancer cells promoters cell proliferation and accelerates tumour formation, respectively.
However, overexpression of CDX2 suppresses cell proliferation and viability, which could
indicate an inhibition of proliferation of colon cancer cells through CDX2 (Yu et al., 2019).
As mentioned earlier, CDX2 regulates the transcription of many genes, that when
dysregulated can become tumorigenic. Hereunder is the YAP1 gene, which mentioned earlier
is a key regulator in proliferation, adhesion, migration and ECM organization, but it has also
been linked to cancer progression in relation with CDX2 (Liang et al., 2014; Steinhardt et al.,
2008; Tschaharganeh et al., 2013). Furthermore, YAP1 expression has been associated with
poor prognosis in colon cancer and other cancer types as well this being in relation to nuclear

localization and overexpression (Xia et al., 2018). On the surface of mucosal epithelial cells
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there can be found mucins. Mucins are highly glycosylated, and their biological functions are
to form mucus/lubrication on the cell surface, and they are involved in cell signalling.
Association between colon cancers and mucins has been found when there occurs alteration
in the expression, the glycosylation and organization of the mucins (Krishn et al., 2016). One
mucin protein, MUCS5AC, is not expressed in healthy colon epithelium and is rendered a
target of CDX2 (Pinto et all., 2017) It has been observed that expression is upregulated in
early stages of colon cancers, but when dysplasia increases expression of MUC5AC
decreases. It has also been estimated that patients which is MUC5AC negative have a worse
overall survival and more aggressive diseases (Imai et al., 2013; Wang et al., 2017). Lack of
mucin expression through dysregulation of CDX2 may possibly drive to colon cancer
development. Some colon cancers can in later stages release cells from the adenocarcinoma
and create metastasis. Cancer progression and the development of metastasis have been
linked to CDX2. Cells which are released from the primary adenocarcinoma are called
tumour budding cells and these cells have reduced CDX2 expression, despite the tumour
being CDX2 positive, (Graule et al., 2018; Hansen et al., 2018) this being related to
downregulation of CDX2 with metastatic process. The cells further ability to adherer to other
cells can be affected by loss of CDX2, this implicating CDX2 in the downregulation of
adhesion in tumour budding cells. Furthermore, cancer cells have been found to
downregulation cell-cell adhesion through modifications of cadherin-catenin complex
(Aamodt et al., 2010) and downregulation of claudins it thought to reduce the integrity of
tight junctions (Tabariés and Siegel, 2017). Studies have shown that CDX2 mediate E-
selectin ligand expression and hereby being involved in cancer cell attachment at distant sites
of metastasis and therefore making it possible for the tumour budding cells to attach
themselves to metastatic sites (Sakuma et al., 2012)
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Figure 5 Downregulation of CDX2 possible role in transition of epithelial to mesenchymal cells in metastatic colon cancer
cells. The figure illustrates that CDX2 positive cancer cells can transition in to CDX2 negative cells due to downregulation
of CDX2. The transition from epithelial to mesenchymal state is initiated and the CDX2 negative cancer cells buds out into
the blood vessels and disperse to a new site in the body. The CDX2 negative cancer cells starts to attach and invade at the
new site and transition from mesenchymal to epithelial cells again and then progress into a new tumor. (Created with
BioRender - own creation - with inspiration from Brablets et al., 2004; Zhang et al., 2015;Gross et al., 2008; Zheng et al.,
2011).

Downregulation of CDX2 in a primary tumour has been proposed to be a precursor to
epithelial to mesenchymal transition (EMT) in metastatic colon cancer cells, has been
indicated in Figure 5. When the circulating tumour budding cells travels along the blood
vessel to at metastatic site and establish metastasis, the expression of CDX2 is then re-
established and the cancer cells then convert from mesenchymal to epithelial transition
(MET) again (Brablets et al., 2004; Zhang et al., 2015). It has further been observed that
decrease in mobility and dissemination of cancer cells happens when overexpression of
CDX2 in colon cancer cell lines occur, this just indicating CDX2’s further implication in the
metastatic process (Gross et al., 2008; Zheng et al., 2011).

Most colon cancer cells show that CDX2 is aberrant and therefore have been thought of as a
potential prognostic marker. Studies have further implied that the expression of CDX2 can be
applied as a tissue marker, which can be used to determine the origin of primary tumours.
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However, the potential to be a prognostic marker is controversial because studies have found
that epigenetic changes e.g., hypermethylation of CDX2 promoter led to transcriptional
downregulation or loss of expression of CDX2 (Dawson et al., 2014; Graule et al., 2018).
This indicating that the loss of CDX2 may be related to other changes in the colon cancers
cells, besides the signature feature that CDX2 expression is lost in undifferentiated colon
cancer cells and poorly differentiated cancers, which have been correlated with a higher risk
of relapse (Merlos-Suérez et al., 2011). A review of studies investigating the applicability of
CDX2 as a prognostic marker, showed that there is a relatively larger amount of publication
which imply that CDX2 is a possible prognostic marker, however there where many factors

in the studies compromising the true value of CDX2.

5.2.2 Whntsignalling and tumorigenesis of CRC
Studies have indicated that there is more than one way of the Wnt signalling pathway to

indue tumorigenesis. This is interesting due to Wnt signalling pathway crucial role in
maintaining stemness of the colon, cell proliferation, cell fate decision, cell polarity (Saito-
Diaz et al, 2013; MacDonald et al, 2009) and furthermore, control the transient amplifying
zone of the intestinal crypts. This is done by activating the transduction signalling pathway
and then initiating transcription of target genes necessary from the before mentioned
processes. Table 1 gives a quick overview of which genes are mutated in/by the Wnt
signalling pathway and how this could possibly lead to the development of CRC. However,
further studies have shown that not only does these mutations play a role in the development
of CRC, but further mutations within these regions can progress the CRC to malignancy and
invasiveness (Bienz & Clevers, 2000)

Table 1 Mutations in Wnt signalling pathway as possible factors for CRC. The table indicates what genes are affected and
how they are affected by mutations. The table is modified from Saito-Diaz et al., 2016.

Gene Type of change Reference

AXIN 1/2 Truncation/loss of function Salahshor & Wodgett, 2005
Liu et al., 2000
Lammi et al., 2004

APC Truncation/loss of function Bienz & Clevers, 2000

Novellasdemunt et al., 2015
Zhan et al., 2017
Nishisho et al., 1991
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CTNNBL (p-catenin ) Missense/in-frame deletions/gain  Korinek et al., 1998

of function Bienz & Clever et al., 2000
Liu et la., 2002
Morin et al., 2015
TCF7L2 (TCF4) Missense/deletion/truncation/gain  Cilliere-Dartigues et al.,
of function 2006

Duval et al., 1999

Novellasdemunt et al., 2015

As shown in the table, these mutations often lead to loss of function, which can in AXIN 1/2
and APC lead to an accumulation of B-catenin and an uncontrolled transcription initiation of
target genes. Mutation in CTNNB1/4-catenin is also referred to as activating mutations. These
activating mutations can affect cell-cell adhesion (REF), the regulatory N-terminal
serine/threonine residues, which can affect the binding of p-catenin to TCF7L2 inside the
nucleus. Mutations in TCF7L2 are still under investigation and the Wnt activating potential
of the mutation is not fully characterized. However, experiments testing the loss-of-function
of TCF4 showed that the mouse intestines had crypt degeneration (Novellasdemunt et al.,
2015). Moreover, TCF7L2 has been found to have a proliferating-stimulation activity in
CRC, but at the same time is acts as an invasion suppressor, which has been shown through
loss-of-function assays. A large fraction of CRC tumors has been found with mutation in the
TCF7L2 gene (Wenzel et al., 2020).

5.2.3 CDX2 and Wnt signalling cross-talk
As mentioned in Wnt signalling and tumorigenesis, there exists many Wnt regulators and in

addition to these CDX2 also acts as a Wnt regulator. Through TOP/FOP-flash reporter
system (explained in theoretical method section) the effect of CDX2 on Wnt signalling have
been investigated (Veeman et al., 2003). A study indicated that CDX2 is inversely related to
B-catenin expression, together with the expression of cyclin D1 and c-myc, which are target
genes of Wnt signalling (Yu et al., 2019). Furthermore, another study found that CDX2
inhibits the binding of B-catenin to the transcription factor TCF7L2 by binding itself to B-
catenin (Guo et al., 2010). CDX2 have been linked to the cadherin family, however, an
indirect effect of CDX2 on B-catenin activity has been found, and this effect happens through
CDX2s regulation of protocadherin Mucdhl transcription, which then interacts and inhibits

the transcriptionally activity of B-catenin (Hinkel et al., 2013). A study found that in
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differentiated colon cancer cells, a reduction of CDX2 showed an increase of transcription
factor TCF7L2 and moreover CDX2 was found to bind and activate the transcription of
HBP1, which is a transcriptional repressor that inhibits TCF transcription factors and supress
Wnt signalling (Boyd et al., 2010). The degradation complex’s different proteins APC,
AXIN2 and GSK3-beta have through many studies have indicated an involvement in Wnt
signalling with cross talk through CDX2. In relation to APC, knock out and overexpression
of CDX2 did not show any changes in the expression pattern of APC (Yu et al., 2019),
however contradictory with this another study did found that APC var transcriptionally
regulated by CDX2 (Olsen et al., 2013). Furthermore, Nuclear levels of APC was associated
with the loss of CDX2, but in relation to the cytoplasmic expression of APC no association
was found in colon cancer liver metastasis (Toth et al., 2018). Regarding AXIN2 research
have indicated that knock out and overexpression of CDX2 had opposite effect on AXIN2
expression. When CDX2 was knocked out, he expression of AXIN2 decreases whereas when
CDX2 was overexpressed the mRNA level of AXIN increased. (Yu et al., 2019). ChIP-seq
data showed that when cells differentiate compared to proliferating cells there is an increase
of CDX2’s binding to the promoter region of AXIN2. This could possibly indicate that
CDX2 upregulate the expression of AXIN2 during differentiation in colon cancer cells (Boyd
et al., 2010) and AXIN2 has also been proven to transcriptionally be regulated by CDX2 also
in colon cancer cells (Olsen et al., 2013). GSK3-beta expression decreased in colon cancer
cells having knocked out CDX2, while overexpression of CDX2 led to an increase of GSK3-
beta expression at mMRNA level (Yu et al., 2019). It was further found that CDX2 binds to the
promoter region of GSK3-beta, however, is does no activate transcription of GSK3-beta
(Olsen et al., 2013). TNF-alfa was found to induces the expression of Wnt signalling
components, when CDX2 expression was downregulated (Coskun et al., 2014). These
findings indicate a possible cross talk between CDX2 and Whnt signalling both as an inhibitor

and activator.

5.3 CYTOKINE ALARMIN IL-33’S PHYSIOLOGICAL FUNCTION AND REGULATION

The following section will include a short introduction of IL-33 as an “alarmin” and how it is
regulated through CDX2 and current knowledge of how it can promote tumorigenesis. 1L-33
was first identified as a member if the IL-1 family of cytokines and IL-33 is located on
chromosome 9. Common properties of IL-1 family are that all possesses a core tetrahedron-
like structure, which is composed of 12 B-strands these being indispensable for their

biological activity. The cytokines bind as monomers to the IL-1 receptor subfamily of Toll-
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interleukin 1 receptor (TIR) domain-containing receptors. Heterodimeric transmembrane
receptors complexes are formed, which initiate signalling mechanisms. Most of IL-1 family
are proinflammatory cytokines, with pleiotropic processing. They can exert the acute
inflammatory processes locally, but in severe cases, they can exert them systematically as
well. In addition, the IL-1 cytokines assist in shaping the adaptive immunity by skewing the
differentiation of naive helper T lymphocytes and by directly influence the functions of
subsets of T and B lymphocytes. IL-33 has been found to effect different target genes in
many organs. Studies has implied that IL-33 is set to ‘favour’ immune response in T helper
type 2 (TH2) lymphocytes, due to the fact that the ligand-binding chain of IL-33 receptor
complex IL-1R4/ST2 was found expressed on Th2 lymphocytes (Martin & Martin, 2016)
(Important: IL-1R4/ST2 have two forms, where soluble ST2 (sST2) function as a decoy
receptor for IL-33 and stop possible initiation of signalling mechanisms in Th2 cells;
ST2/ST2L, which is the membrane bound ST2 IL-33 binds to. The receptor will from
hereafter be referred to as ST2 or sST2 depending on which function is described. The major
production and release of 1L-33 in human are in epithelial barrier tissues. These tissues
include the lungs, skin, stomach, and large intestines. IL-33 is also expressed in lymphoid
organs such as the lymph nodes and spleen and has been found in the endothelial of blood
vessels (Caryol and Girard, 2014). Several diseases such as allergic asthma, chronic
inflammation of the gut, arthritis, disorders of the central nervous system and cardiovascular
diseases has paved the way for how IL-33 function as a proinflammatory cytokine. However,
IL-33 has been found to be beneficial or harmful, depending on the development of the given
disease (Martin & Martin, 2016).

5.3.1 Production, release, and processing of 1L-33
The initiation of transcription of IL-33 remains to this day sparse and need to be elucidated

more. However, what is known is that IL-33 is constitutively produced in different epithelial
cells such as the keratinocytes, lung and gut epithelial, fibroblast and fibrocytes and smooth
muscle cells. As illustrated on Figure 6 Release and processing of IL-33 in human epithelial
cells. Left: after the cells are injured or necrosis occur the full-length bioactive IL-33 is released.
IL-33 is then modified by Calpain, esterases, Cathepsin G or Elastase, which gives to products, one
being 10-30X more active that the full-length 1L-33. When 1L-33 has worked put it role it is
inactivated outside the cells by chymases and other proteases or by caspase 3 or 7 or by forming
disulphide bridges through oxidation. Right: After apoptosis, 1L-33 is release from the nucleus and
then inactivated by caspase 3 or 7 and then it becomes biologically inactive. (Martin & Martin,

2016)full-length 1L-33 resides inside the cell’s nucleus as a biologically active protein. The

Page 18 of 76



full-length protein is 270 amino acids. Upon injury or necrosis of epithelial cells the full-
length 1L-33 is processed by different proteases such as Calpain, Esterase, Cathepsin G and
Elastase outside the cell. It has been shown that different sizes of IL-33 give different
biological activity compared to the full-length. When the injury or necrosis is under control,
IL-33 is inactivated outside the cell as well by either chymases, capsase 3 or 7 or it can
happen the formation of disulphide bridges. This leads to an alteration in the tetrahedron core
structure and thereby bioactivity of IL-33 is lost. In the case of apoptosis, the inactivation of
IL-33 happens through cleavage by caspase-3 or caspase 7, inactivating it as a cytokine or

alarmin.
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Figure 6 Release and processing of IL-33 in human epithelial cells. Left: after the cells are injured or necrosis occur the
full-length bioactive IL-33 is released. 1L-33 is then modified by Calpain, esterases, Cathepsin G or Elastase, which gives to
products, one being 10-30X more active that the full-length IL-33. When 1L-33 has worked put it role it is inactivated outside
the cells by chymases and other proteases or by caspase 3 or 7 or by forming disulphide bridges through oxidation. Right:
After apoptosis, IL-33 is release from the nucleus and then inactivated by caspase 3 or 7 and then it becomes biologically
inactive. (Martin & Martin, 2016)

5.3.2 1L-33 as a guardian of barriers and conductor of local inflammation
The following will depict a working model of how IL-33 function as an alarmin during local

inflammation and how it proceeds to induce an immune response and recruit immune
response cells to the site of inflammation. However, the working model were made
based/taking on/from different contexts and should be considered as preliminary working
model. Upon breach of the epithelial barrier by an allergen/antigen (this example a parasitic
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worm (Helminth)) IL-33 is released from the cells as full-length bioactive IL-33 alarmin then
binds to cells expressing ST2 receptors. If it is the first time an allergen/antigen invade (naive
state) cells expressing ST2 could be mast cells, dendritic cells, macrophages and group 2
innate lymphoid cells (ILC2). If it is a recall situation such as allergens, cells could be
effector and memory T and B lymphocytes, which includes regulatory T cells Figure 7 A.
When IL-33 is bound to mast cells, the mast cell can release proinflammatory cytokines, such
as IL-4 and IL-5, this leading to the recruitment of eosinophiles and basophiles to the site of
acute inflammation. The activated mast cells release proteases and as explained earlier these
proteases can in fact increase the specific biological activity of IL-33 by cleavage in the N-
terminus (Figure 7 B). Mast cells start to produce cytokine IL-33 and other cytokines.
Eosinophiles start to attack the antigen from the Helminth. IL-33 activates ILC2,
macrophages and B1 lymphocytes, which then release mediators. Fibroblast are recruited to
initiate wound healing, which then seals the breach where the antigen entered (Figure 7 C).
When the acute inflammation is under control, macrophages synthesize anti-inflammatory
cytokines, IL-33 stimulates B1 lymphocytes to produce IL-10, which leads to a dampening of
the inflammation. IL-33 is then degraded by capsase 3 or 7 or by the formation of the
disulphide bridges (Figure 7 D).
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Figure 7 Working model of how IL-33 interact as an alarmin during local inflammation. A) the bioactive IL-33 reside inside
the nucleus of the epithelial cells. B) upon attack with the parasite Helminth, 1L-33 is release from the cells and binds to the
receptor ST2 found on immune cells. IL-33’s binding to different immune cells (mast cells, dendritic cells, macrophages and
group 2 innate lymphoid cells (ILC2)) can release cytokines. C) Mast can produce further 1L-33, eosinophiles starts
attacking the parasite and ILC2, macrophages and B-lymphocytes release mediators. Fibroblasts are recruited to the site,
where it starts wound healing. D) IL-10 is release from B1 lymphocytes, which dampen the inflammation. IL-33 is degraded
by caspase 3 or 7, by formation of disulphide bridges (Martin & Martin, 2016).

5.3.3 Regulation of intracellular IL-33
The understanding of the regulation of 1L-33 expression remains to this day insufficient at a

genetic level. As mentioned, IL-33 is positioned on the short part of chromosome 9 on seven
exons, where in mice is encoded on chromosome 19 and contain 11 introns. In mice, studies
have indicated that two alternative promoters create transcripts il33a and il33b, which is
produces by macrophages, embryonal fibroblasts, and different tissues in a cell type-specific
manner, which both encodes full-length IL-33 on eight exons. Furthermore, the expression of
i133 is controlled by transcription factors IRF-3 and CREB and yields two mRNA species.
Several studies have also proven that IL-33 mRNA is not stabile and is degraded within hours
after synthesis (Martin & Martin), which could indicate that the process of converting it to an

alarmin happens fast to ensure the protective properties during injury or breach by antigens.

A newly published study by Larsen et al., 2021, found that in the human colon cancer cell
line LS174T that IL-33 proved to be regulated by CDX2. CDX2 was found to be an
important transcription factor for the promoter activity of 1L-33, and it was important for the
high expression levels in the intestinal epithelial cells. The mRNA from IL-33 was
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significantly upregulated by CDX2. The study further indicated that CDX2 recognizes and
binds to the enhancer of IL-33 thereby upregulating the mRNA expression of IL-33 in

intestinal epithelial cells (Figure 8).

Intestinal specific activation

‘ l Intestinal epithelial cells
r— @ a3

Promoter IL33 gene Enhancer

Figure 8 Regulation of 1L-33 gene. CDX2 recognize and binds to the enhancer region of IL-22 thereby enhancing the
transcription of IL-33, this leading to an up regulation of IL-33 in the cells (Larsen et al., 2021).

Based on this and the limited knowledge regarding IL-33 and its regulation inside the
epithelial cells, 1L-33 will be the main promoter applied for the measurements of CDX2

expression in LS174T cells.

5.3.4 1L-33 and tumorigenesis of CRC
IL-33 expression has been proven to be increased in CRC patient tissue compared to non-

cancer adjacent tissue). However, the IL-33/ST2 signalling axis has been an elucidating part
in the cancer pathology as well. Not only does the axis play an important part in
inflammatory response, tissue injury and tissue repair, but its role in the development of CRC
has been found to be both pro-and anti-tumour tumour microenvironment (TME). Studies
have created an overview of how the pro- and anti-tumour TME properties of IL-33/ST2,
which can be seen in Figure 9. The figure illustrates that in a pro-tumour TME situation, IL-
33 recruits pro-inflammatory cells, such as mast cells, myeloid derived suppressor cells
(MDSC), neutrophiles, macrophages and T regulator cells (Trg). The immune cells start to
secret cytokines, inflammatory molecules, and growth factors, which promote angiogenesis,
invasion, migration, tumour growth and metastasis. The secreted molecules work in paracrine
and autocrine manners, which creates a tumour promoting loop, that could lead to a further
enhancement of the growth and metastasis of the tumour. In an anti-tumour TME situation,
IL-33 recruits natural killer (NK) cells and cytotoxic T cells, to the TME, where they start to
secret INF-y and cytokines which leads to tumour regression and rejection. The pro-

tumorigenic effect on tumours has been found in both mouse models and patient tissue and
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cells lines in CRC, whereas anti-tumorigenic effect on tumours has only been seen in mouse
model and cell lines (Table 2) (Larsen et al., 2018.
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Figure 9 1L-33s pro- and anti-tumorigenic effect on tumours. The figure shows that IL-33 can either function as a pro-
tumour for the tumor-microenvironment (TME) or as an Anti-Tumour for the TME. The black arrows indicate the effect IL-
33 expression on immune cell recruitment, production of cytokines and pro- and anti-inflammatory cells. Pro-tumour TME
will recruit Mast cells, myeloid dendritic cells (MDSCs), Neutrophiles, macrophages and T regulatory cells (t reg), which
leads to an increase in cytokines, inflammatory molecules, growth factors. These three parameters lead to an tumour
promoting loop, that will further increase the tumour take. The cytokines, inflammatory molecules and growth factors will
lead to angiogenesis, invasion and migration, immune escape, and metastasis. Anti-tumour TME shows that I1L-33 will lead
to the recruitment of Natural killer (NK) cells and cytotoxic T cells. these leads to interferon gamma (INF-y), a dual function
and cytokines. These three parameters lead to tumour regression and rejection (Larsen et al., 2018)

Table 2 Summary of data indicating the effect of IL-33/ST2 axis on the development in CRC. (Larsen et al., 2018- modified
version) . the table show type of cancer and where pro- or anti-tumorigenic effect has been found.

Type of cancer Pro- or anti- Model used References

tumorigenic effect

on tumor
CRC Pro- tumorigenic Mouse model Maywald et al., 2015
Patient tissue and Mertz et al., 2016
cell lines Zhang et al., 2017

Akitomo et al., 2016
(both mouse and
patient samples)

Page 23 of 76



Fang et al., 2017

He et al., 2017 (both

mouse and patient)

Cui et al., 2015

Liuetal., 2014
Anti-tumorigenic Mouse model and O’Donnell et al,.

cell lines 2016
Eissmann et al.,
2018

Other cancer types, such as breast cancer, gastric cancer, hepatocellular cancer, hepatobiliary
cancer, pancreatic cancer, lung cancer and prostate/kidney cancer, have also shown that IL-
33/ST2 axis have either pro- and/or anti-tumor TME properties in them, however they will
not be address further in this thesis (Larsen et al., 2018).
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6 THEORETICAL METHODS SECTION

6.1 TET-ON/TETRACYCLINE-RESPONSE ELEMENT, CMV-LUCIA SYSTEM, AND IL-
33/TOPFLASH CONSTRUCTS

The thesis will apply a newly develop cell line LS174T7D9, which contains a variety of
different components for a tightly controlled regulation of CDX2 expression through DOX
stimulation. The following section will give an insight of how the individual components are

made, how they work and working models of how they interact inside the cells.

In the LS174T7D9 two different genes have been inserted on the two alleles in the AAVS1
locus, which is a safe harbour locus used for integrating new genetic materials. Pinto et al.,
2017 inserted on the first allele Tetracycline Response Element (TRE) and CDX2 in
LS174T6D6 cells. TRE is a part of tetracycline controlled TetOff and TetOn (also referred to
as Tet3G, however TetOn will be used in this thesis) gene expression system, which is
activated by the effector doxycycline (DOX). DOX is a tetracycline antibiotic and is used as a
research reagent both in vitro and in vivo. The TetOn was inserted, using Zinc Finger
Nucleases (ZFN), in the CDX2 gene thereby knocking out CDX2 expression and at the same
time introducing a constitutive expression of TetOn. CDX2and TRE was inserted in the
AAVSL1 locus also by ZFN (appendix 13.1). LS174T7D9 is induced with DOX, which binds
to the TetOn protein in the cytoplasm and forms as complex with the protein. The complex of
TetOn and DOX enters the nucleus where it binds to TRE, which initiates the transcription of
CDX2 (Figure 10 top half of the cell).

LS174T6D6 was later modified by PhD student Stine Bull Jensen (data not published) on the
second allele in the AAVS1 locus. By using homolog recombination and CRISPR-Cas9, it
was possible to incorporate the Lucia luciferase gene and its promoter hEF1 (Appendix 13.2).
Lucia luciferase is expressed by a synthetic gene designed on the naturally secreted
luciferases from marine copepods, whereas luciferase is a natural bioluminescent found in
fireflies and click beetles. Another difference is that firefly luciferase catalyses the oxidation
of firefly luciferin and acquires ATP to execute the reaction, whereas Lucia luciferase uses
coelenterazine as a substrate to emit an intense flash instead of a light/glow and do not use
ATP to get activity. When Lucia luciferase is translated into protein, it will be exported out of
the cell by vesicles where it will remain in the media until further assessment (Figure 10
bottom half of the cell).
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Figure 10 Modified DOX inducible LS174T7D9 cell line with Lucia luciferase. Dox binds to TetOn protein in the cytoplasm,
where it creates a complex that will find and bind to the tetra response element (TRE). TRE will initiate the transcription of
CDX2 and thus CDX2 protein will reside in the cytoplasm. For the expression of lucia luciferase hEF1 promoter will initiate
the transcription of Lucia. Lucia is translated and after entering the cytoplasm vesicles will export the protein out of the cell
into the media (Create with BioRender).

LS174T7D9 is then transfected with either pGL4.10-1L-33-promoter-enhancer (appendix
13.3) or TOPflash constructs (appendix 13.4). pGL4.10-IL-33-promoter-enhancer resides
inside the nucleus. DOX induced CDX2 from the TetOn system re-enters the nucleus where
is recognize and binds to a specific sequence in the enhancer region of pGL4.10-IL-33. By
binding to the enhancer, transcription of luciferase is initiated and is then translated into
protein. Luciferase proteins reside inside the cytoplasm of the cell, where is will be until
harvest (Figure 11 - left). If LS174T7D9 is transfected with TOPflash, the transcription of
luciferase will be initiated by Wnt ligands. TOPflash contains 7 TCF binding sites placed
before luciferase gene and thereby controls the expression of luciferase. Wnt present in the
cell media will activate the accumulation of B-catenin inside the cell. B-catenin translocate to
the nucleus and recognize the TCF region in the construct, forms a complex, and initiates the
transcription of luciferase. The expression of Wnt will be proportional with amount of
luciferase in the transfected LS174T7D9 (Figure 11 - right).
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Figure 11 CDX2 driven promoter activity of pGL4.10-IL-33-promoter-enhancer (left) and Wnt driven promoter activity of
TOPflash (right). Left: LS174T7D9 is transfected with pGL4.10-1L-33-promoter-enhancer construct The DOX induced
CDX2 from the TetOn system will enter the nucleus and bind to the enhancer region of pGL4.10-IL-33-promoter-enhancer
where is initiates the transcription of luciferase. The luciferase protein is translated and resided in the cytoplasm until
harvest. LS174T7D9 is transfected with TOPflash construct and here Wnt will activate the Wnt pathway by binding to its
receptor, which leads to an accumulation of -catenin inside the cell. p-catenin translocate to the nucleus and binds to the
TFC region in the TOPflash construct, this leading to the transcription of luciferase. Luciferase will reside inside the cell

until harvest (create with BioRender).
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/ METHODS AND MATERIALS

7.1 CULTIVATION OF CELL LINES
Human colon cancer cell line LS174T7D9 was grown and cultivated in Dulbeco’s modified

Eagle medium (DMEM) with 10% fetal bovine serum and 1% Penicillin-Streptomycin (Pen-
strep) antibiotic. The cell line was maintained at 37°C and humidified atmosphere of 5% CO>
and was sub-cultivated once to twice a week, depending on assay line ups. Cells were grown
in T75 culture flasks and if necessary zeocin was added to further protect the cells from
contamination. During sub-cultivation, the cells were washed in phosphate-buffered saline
(PBS) modified without Ca?* and Mg?* and then trypsinized with PBS containing 2% trypsin
and 0.02% EDTA.

7.2 PLASMID CONSTRUCTS

7.2.1 pGL.4.10 with IL-33 promoter and enhancer for analysis of CDX2
regulation
pGL4.10-1L-33 promoter and pGL4.10-1L-33 promoter-enhancer constructs were used in

transfections assays and pGL4.10-1L-33 promoter-enhancer was later used in the screening of
the kinase inhibitor library. The pGL4.10-IL-33-promoter-enhancer construct was created
through In-Fusion cloning (Larsen et al., 2021) and was used to measure CDX2 driven
promoter activity of pGL4.10-1L-33 promoter-enhancer via induction with DOX through the

TetOn expression system.

TOPflash promoter construct was used for the measurement of the Wnt driven promoter
activity of TOPflash. The construct was only used after the selection and validation of the 19

Kls and for the top five Kls validation experiments.

7.3 TRANSFECTION, LUCIFERASE (FIREFLY) PROMOTER ASSAY AND
MEASUREMENT OF LUCIA LUCIFERASE QUANTI-LUC MEASURING OF
REPORTER ACTIVITY

7.3.1 Induction with doxycycline
To control and assess the expression of CDX2, LS174T7D9 is induced with DOX. DOX

concentrations were assayed at 0-32 ng/ml to find the optimal DOX concentration. 16 ng/ml
was found to be the optimal concentration and is therefore used in the screening protocol.

Cells were treated with DOX for approx. 72 hours before measuring CDX2 driven luciferase
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activity using pGL4.10-IL-33-promoter-enhancer construct and the Wnt driven promoter
activity of TOPflash.

7.3.2 Transfection
For transfection assay, 50 ng of plasmids (12.5 ng of promoter plasmids, 8.5 ng of CMV-lacZ

and 29 ng of empty plasmid pBSK+I11) were incubated for 1 hour at room temperature with
2uM of polyethylenimine (PEI). PEI was mixed with the plasmids and then added to a 24
well plate containing 50000 cell/well. Seeding of the 50000 cells were done 72 hours before
harvest and the plasmid/PEI mixture was added 48 hours before harvest. After seeding the
plates media was changed when plasmid/PEI was added and left for 4 hours of incubation
with the plasmid/PEI mixture. After incubation media was changes again and then re-
stimulated with DOX.

Beside pGL4.10-1L-33-promoter-enhancer construct, HEPH, YAP1 and GPA-33 promoter
were tested under the same conditions as mentioned before, however, instead of a 24 well

plate a 96 well plate was used instead and only 8500 cell were seeded 72 hours before.

Before assessing the kinase inhibitor library, two Kls were tested on LS174T7D9. Previous
studies have identified a regulatory effect on CDX2 expression by stimulating with U0126
(Rings et al., 2001) and SB203580 (Houde et al., 2001). The transfection assay had the same
condition as the before mentioned assays, however, to find the optimal time for stimulation 1
uM of kinase inhibitor (KI) was added 24 hours, 48 hours, and 2 hours before harvest.

After finding the optimal condition for the screening kinase library, the screening was
conducted with 50 ng of plasmid, where 12.5 ng of either pGL4.10-1L-33-promoter-enhancer
or TOPflash were added. The cells were then induced with 0 ng/ml and 16 ng/ml DOX 72
hours before harvest and stimulated with 1 pM of KIs also 72 hours before. The total
screening of the 196 kinases were done in duplicates in a 96 well plate seeded with 8500
cells/well. Validation experiments hereafter were done in triplicates first in 96 well plates and
then in 24 well plates, seeding 8500 and 50.000 cells/well, respectively. Media was changes

after the 4 hours of incubation with plasmid/PEI mix.

All transfection assays were carried out in a LAF bench and placed at 37°C and 5% CO2
atmosphere, incubation happened in a total of 72 hours and the plates were only taken out

when the cells were added with plasmid/PEI mix 24 hours after seeding the plates.
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7.3.3 Luciferase promoter assay
Glomax® 96 Microplate Luminometer was applied to measure the luciferase activity

produced during the transfection assays. After the total 72 hours of incubation, plates were
taken out and placed at a work bench in 20°C environment. The cells were washed twice with
PBS modified without Ca?* and Mg?* and then lysed with lysis solution and Dithiothreitol
(DTT) from Tropix® Dual-Light® luminescent reporter gene assay kit (ThermoFisher — Dual
light™). Lysis happened during 5 min of shaking the plate and here released luciferase from
LS174T7D9. For the detections of luciferase (produced by pGLA4.10-1L-33-promoter-
enhancer or TOPflash) and B-galactosidase (produced through the CMV-lacZ plasmid added
during transfection), two buffers were made: Buffer A and buffer B. To buffer B Galacton-
plus substrate was added. The Glomax® 96 Microplate Luminometer first measures
luciferase and then p-galactosidase. The assay must incubate for approx. 30-45 min after
measurement of luciferase, before measuring B-galactosidase. This is done to make sure that
luciferase decays before measuring B-galactosidase. f-galactosidase is measured at a different

pH and therefore Accelerator-I1 is added, by the machine, after the 30-45 min of incubation.

7.3.4 Quanti-Luc
From the transfection assays, after 72H of DOX induction and stimulation with Kls, samples

of cell culture supernatant are taken out before lysing the cells. 20 ul of the samples are
places in a white 96 well plate and measured on SpectraMax instrument. The samples are
analysed for secreted lucia luciferase. Experiments performed by Ph. D student Stine Bull
Jessen (not published) have demonstrated that the amount of Lucia luciferase secreted to the
media parallels the number of cells in the well and can be used as a proxy for cell viability.

7.4 SCREENING OF KINASE INHIBITOR LIBRARY

7.4.1 Kinase inhibitor screening library
The kinase inhibitor library contained 196 different Kls was purchased from Selleck
Chemicals (Appendix 13.6). The library consisted of 3 96 well plates where the Kls where
distributed. KI library was diluted from 1 mM to 1 um. The screening was done as describe

in 7.3.2 transfection and measured as done in 7.3.4 luciferase promoter assay.
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7.5 KINASE INHIBITORS REGULATORY EFFECT ON CDX2 TARGET GENES

7.5.1 RT-qPCR

7.5.1.1 RNA extraction and cDNA synthesis
50.000 LS174T7D9 cells were seeded in a 24 well plate and induced with 0 ng/ml or 16

ng/ml DOX and stimulated with 1 um of either SB525334, PD0332991, Neratinib,
Everolimus and XL765. RNeasy® Mini Kit (QIAGEN) kit was used in accordance with the
manufacturer’s protocol. Cells were collected using at pipette tip, homogenized in a
centrifuge, and then extracted. Sample concentrations were measured on NanoDrop, and total

RNA was calculated (appendix 13.5).

cDNA was synthesized from 250 ng RNA using First Strand cDNA synthesis Kit (Thermo
Fishers) applying the manufacturer’s protocol. Three target genes were investigated: ABCB1,
IL-33 and MYC and the primers applied to the cDNA for the RT-gPCR is shown in Table 3.
The genes were normalized to the reference gene ribosomal protein large subunit PO
(RPLPO). Furthermore, GAPDH was used as a positive control (provided by First strand
cDNA synthesis Kit) and 100 ng of RNA was used for cDNA synthesis.

Melting curve analysis was performed during the RT-gPCR run and assessed

postamplification.

Table 3 Primer overview for RT-gPCR of the three possible target genes ABCB1, IL-33 and MYC

Gene Forward primer 5°-3° Reverse primer 5°-3’ Size
(bp)/Tm of

primers

ABCB1 GGAACTCAGCTCTCTGGTGG CAGGGCTTCTTGGACAACCT 138/ 65°C

(Borchert
et al, 2020)

IL-33 AAGAACACAGCAAGCAAAGCC AGTGAAGGCCTTTTGGTGGT 158/ 65°C

(Larsen et
al., 2020)

MYC CCACAGCAAACCTCCTCACAG GCAGGATAGTCCTTCCGAGTG  105/64.9°C

(Coskun et
al., 2014)

RPLP02 GCAATGTTGCCAGTGTCTG GCCTTGACCTTTTCAGCAA 141 /61.7°C
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7.5.1.2 Quantitative PCR
RT-gPCR was conducted in technical duplicates, since the sample is the same only the

primers is the variant in these experiments. The program for the RT-qPCR is shown in
appendix 13.6). The RT-PCR was done on MX3005P and in the program was set to measure
the amplification during the third step of amplification. The primer annealing temperature
was set to 58. To measure the amount of amplified DNA, QuantiTect® SYBR® Green PCR
Kit (200) was used.

7.6 STATISTICAL ANALYSIS
Statistical analysis included Two-tailed Student T-test and was done when it was relevant to

determine the difference in promoter activity driven by CDX2 or Wnt between the control
without KI stimulation and samples stimulated with Kls. For quantitative experiments
standard deviation (STD), were calculated based on the triplicates. Optimally, for the
screening of the kinase inhibitor library, triplicates for the initial testing of all 196 would have
been applied, however, variance coefficient (CV%) was applied. The CV% give an indication
of the dispersion of the different data around the mean and further give a ratio between the
standard deviation and the mean. The significance level was set to 0.05, therefore p-values
equal to or below 0.05 were considered significant (p-value < 0.05*, p-vlaue < 0.01** and p-

value < 0.001**%*).
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8 RESULTS

8.1 CREATING THE OPTIMAL PROTOCOL FOR INVESTIGATING THE

EXPRESSION OF CDX2 THROUGH REPORTER LUCIFERASE ASSAYS
The first part of the results is the establishment of an optimal protocol for measurement of

promoter activity driven by CDX2, which is done in modified LS147T7D9. For the optimal
protocol, the following parameters were tested: 1) Optimal DOX concentration for the
induction of CDX2, 2) Testing pGL4.10-1L-33-promoter-enhancer construct and enhancer
activity against already published promoters in LS174T7D9 and 3) Optimal induction time
for DOX.

8.1.1 Optimal promoter system
pGL4.10-1L-33-promoter’s enhancer is recognised at the enhancer regions by CDX2 at a

specific sequence. Therefore, the first part of the results will focus on the two constructs
pGL4.10-1L-33 promoter and pGL4.10-IL-33-promoter-enhancer, to see if there was a
difference in CDX2 driven promoter activity when adding the enhancer to the construct.
LS174T7D9 was transfected with the two constructs and stimulated with a range of DOX
concentration spanning from 0-32 ng/ml (Figure 12). The figure shows that when
LS174T7D9 is transfected with pGL4.10-1L-33-promoter, the promoter activity is low when
inducing with 0-32 ng/ml DOX. However, when transfecting the cells with pGL4.10-1L-33-
promoter-enhancer, there is an increase in the promoter activity, when inducing the
LS174T7D9 with 0-32 ng/ml DOX. Therefore, when CDX2 is induced with 0-32 ng/ml DOX
and LS174T7D9 is transfected with pGL4.10-1L-33-promoter-enhancer, the promoter activity
increase with approx. 3x at 0 ng/ml, 9x at 8 ng/ml, 7x at 16 ng/ml and 11x at 32 ng/ml
compared to the pGL4.10.1L-33-promoter construct.
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Figure 12 Optimal DOX concentration for induction of CDX2. The graph shows how the CDX2 driven promoter activity of IL-
33 behaves when induced with 0, 8, 16 and 32 ng/ml DOX. LS174T7D9 was transfected with either a construct containing
only IL-33’s promoter (blue) or a construct containing both IL-33’s promoter and enhancer (orange). The assay was done in
triplicates. The data points are luciferase activity, which is measured in light units (LU), which is on the y-axis and the DOX
concentration from 0-32 ng/ml is placed on the x-axis. Due to technical issues the luciferase activity was not corrected to
the B-galactosidase activity.

8.1.2 Validation of pGL4.10-1L-33-promoter-enhancer activity compared to other
promoters
Next, a test to see how pGL4.10-1L-33-promoter-enhancer promoter activity increase

compared to previously published promoters, which had also been identified as to be driven
by CDX2. The previous promoters were HEPH, YAP1 and GPA-33. A new range of DOX
concentration were applied for the experiment ranging from 0-12 ng/ml. The figure shows
that the CDX2 driven promoter activity for pGL4.10-1L-33-promoter-enhancer, HEPH,
YAP1 and GPA-33 increased when induced 6 and 8 ng/ml DOX.

Validatio of promoter activity in LS174T7D9
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Figure 13 Validation of pGL4.10-1L-33-promoter-enhancer (Blue) activity compared with HEPH (orange), YAP1(Grey) and
GPA-33 (yellow) promoters. The graph shows LS174T7D9 transfected with pGL4.10-IL-33-promoter-enhancer, HEPH,
YAP1 and GPA-33 and induced with DOX concentration ranging from 0-12 ng/ml DOX. The assay was done in duplicates.
The data points were adjusted to S-galactosidase numbers, which give the relative light units (RLU), which is on the y-axis
and DOX concentrations on the x-axis.
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8.1.3 Optimal induction time and DOX concentration
This next part investigated the optimal induction time, DOX concentration and when to

stimulate the cells with Kls when using pGL4.10-1L-33-promoter-enhancer construct or
TOPflash construct. Two kinases were chosen, SB203580 and UO0126 with previous
published CDX2 modulatory activity (Rings et al., 2001; Houde et al., 2001). U1026 targets
MEK1 and MEKZ2, which is a part of the Ras/Raf/MEK/ERK pathway and SB203580 targets
p38 mitogen, which is a part of the MAPK pathway.

Validation experiments showed that when LS174T7D9 were stimulated with U0126 and
induced with 0 ng/ml and 16 ng/ml the CDX2 driven promoter activity of pGL4.10-1L-33-
promoter-enhancer construct increased when induced with 16 ng/ml DOX at both 24 h and 72
H before harvest and measurement (Figure 14 A). When stimulating LS174T7D9 with
SB203580 the promoter activity increases when induced with 16 ng/ml DOX as well,
however only for 24 H (Figure 14 B).

A

Optimal stimulation time with U0126 B Optimal stimulation time with S8203580

FOLD CHAMGE
FOLD CHAMGE

il il o ol e ol G

Figure 14 Optimal stimulation time with U0126 and SB203580 in LS174T7D9 transfected pGL4.10-IL-33-promoter-enhancer.
A) LS174T7D9 were induced with 0 ng/ml and 16 ng/ml DOX. Cells were stimulated with 1 uM U0126 inhibitor 24 H, 48H
and 24 H before harvest and measurement. B) LAS174T7D9 were induced with 0 ng/ml and 16 ng/ml DOX. Cells were
stimulated with 1 uM SB230580 24 H, 48 H and 72 H before harvest and measurement. Controls were not stimulated with
Kls but were induced with 0 ng/ml and 16 ng/ml as well. The y-axis shows the fold change in regulation and the x-axis the

stimulation time. Assay was done in duplicates.

Next, LS174T7D9, transfected with the Wnt driven promoter construct TOPflash, was
stimulated with U0126 24 h, 48 H and 72 H before harvest and measurement and induced
with 0 ad 16 ng/ml DOX (Figure 15A). The figure shows that the control for both U0126 and
SB203580, decreased in the Wnt driven promoter activity of TOPflash. When stimulated with
U0126 the Wnt driven promoter activity of TOPflash decrease when induced with 16 ng/ml
DOX and stimulated 24 H 48 H and 72 H before harvest and measurement. However, the

promoter activity did not decrease further when comparing 24 H 48 H and 72 H with the
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control. The stimulation at 48 H shows to have almost the same promoter activity as the
control. When stimulating LS174T7D9 with SB203580, the Wnt driven promoter activity of
TOPflash show a small decrease at 24 H, 48 H and 72 H (Figure 15 A). When comparing the
three stimulation times with the control, the promoter activity does not decrease the promoter

activity further when induced with 16 ng/ml DOX.

A Optimal stimulation time w th UD126 B Optimal stimulation time w th SB203580

IR N T

B 1 Conro 24
STIMULATION TIME STIMULATION TIME
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Figure 15 Optimal stimulation time with U0126 and SB203580 in LS174T7D9 transfected with TOPflash. A) LS174T7D9
were induced with 0 ng/ml and 16 ng/ml DOX. Cells were stimulated with 1 uM U0126 inhibitor 24 H, 48H and 24 H before
harvest and measurement. B) LAS174T7D9 were induced with 0 ng/ml and 16 ng/ml DOX. Cells were stimulated with 1 uM
SB230580 24 H, 48 H and 72 H before harvest and measurement. Controls were not stimulated with Kls but were induced
with 0 ng/ml and 16 ng/ml as well. The y-axis shows the fold change in regulation and the x-axis the stimulation time. Assay
was done in duplicates.

To summarize, when testing the optimal stimulation time for U0126 and SB203580 needed
for LS174T7D9 transfected with pGL4.10-I1L-33-promoter-enhancer construct the results
show that at 24 H and 72 H there is a difference in promoter activity when stimulated with 0
ng/ml and 16 ng/ml DOX. However, when testing the optimal stimulation time for U0126
and SB203580 when using the Wnt driven promoter construct TOPflash, the optimal
stimulation time was 72 H. Due to the limited time available in the thesis, a validation of the
data was not possible. Therefore, stimulation time when assessing the screening of the kinase
inhibitor library, will be 72 H for both pGL4.10-IL-33-promoter-enhancer and TOPflash

constructs.

8.2 SCREENING OF KINASE INHIBITOR LIBRARY ON LS174T-7D9 CELLS WITH

TETON AND LUCIA SYSTEM

CDX2 is regulated both on a transcriptional and post translational level in the cell, this
happening through different factors such as GATAG6, TCF7L2, HNF-a, NF-kB, promoter
methylation (transcriptional regulation), phosphorylation through MAPK and p38 and CDK2
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(translational regulation). Here in the second part of the results, the same kinase inhibitor
screening library will be screened on LS174T7D9 to see how the kinases affect the CDX2
driven promoter activity of either pGL4.10-IL-33-promoter-enhancer and TOPflash.

8.3 SCREENING OF KINASE INHIBITOR LIBRARY
The following section contains the data obtained from the screening of the kinase inhibitor

library. The screening of the 196 Kls was designed to be done in duplicates. Whereas the
validation of the selected Kls were done in triplicates, for the possibility of doing a 2 tailed
paired student t-test and seeing if there is a difference in CDX2 driven and Wnt driven
promoter activity in LS174T7D9. The following flow sheet gives an overview of the

selection process of the Kls and what criteria were applied to the data sheet.
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Table 4 Overview of screening and selection process. From Selleck’s kinase inhibitor screening library 196 Kls were screened
to see their possible regulatory effect on CDX2 through its driven promoter activity on pGL4.10-IL-33-promoter-enhancer
and TOPflash constructs. Based on luciferase, 8-galactosidase numbers and CV% criteria 19 Kis were selected for further
assessment. After validation of the 19 Kls the same criteria for the 196 were applied to the data together with student t-test
with a p-value of 0.05. After the selection 5 Kis were validated and analysed.

( )

Screening of 196 kinase inhibitors

4 )
Selecting top kinase inhibitor based on the following criteria
for both IL-33 and TOpflash constructs:

e |uciferase equal or above 200

® beta-gal equal or above 30000

® CV% equal or less than 0.25-0.30

—19 kinase inhibitors remained after criteria were applied
to the data sheet

. J

4 )

Validation of the 19 Kls
Selecting top kinase inhibitor based on the following criteria:

e |uciferase equal or above 200

¢ beta-gal equal or above 30000

® CV% equal or less than 0.25-0.30
¢ Student t-test, with a = 0.05

— 5 Kinase inhibitors remained after criteria were applied to
the data sheet

- J

Validation of the 5 Kls
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First, all three plates containing the 196 were screened on LS174T7D9 induced with 0 ng/ml
and 16 ng/ml DOX. The data showing the Kls inhibitory effect on the CDX2 driven promoter
activity of pGL4.10-IL-33-promoter-enhancer together with the regulatory difference
between the control (no Kl is added) and samples is shown in appendix 13.9 Table 5. For a
graphical overview of all 196 KiIs regulatory effect on the promoter activity, the relative fold
change is illustrated in Figure 16. The three graphs are noted as A, B and C. On the graph the

selection of the 19 Kis for further validation are indicated by a black star.

A RO}’U] atory effect on the CDX2 driven promoter
ctivity of pGL4.10-1L-33-promoter-enhancer
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B Regulatory effect on the CDX2 driven promoter
activity of pGL4.10-IL-33-promoter-enhancer
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Figure 16 Overview of the regulatory effect on the CDX2 driven promoter activity of pGL4.10-IL-33-promoter-enhancer
construct shown in relative fold change (y-axis). The graph illustrates the fold change in CDX2 driven promoter activity when
the cells are induced with 0 ng/ml and 16 ng/ml DOX and stimulated with 1 uM. On alle three graphs (A, B, C), Series 1 # 1
represents the control (no Kl is added), and the rest of the columns represents one Kl pr. Column. A = first plate of Kis, B =
second plate of KIS and C = third plate of Kis. Black stars indicate selected 19 Kls, for further validation.

8.3.1 CDX2 driven promoter activity of pGL4.10-1L-33-promoter-enhancer when
stimulated with the selected 19 Kls
Based on the selection process 19 Kls met the applied criteria: Ki8751, Flavopiridol

(Alvocidib), XL880 (GSK1363089), SB 525334, PD0332991, MGCD-265, PHA-793887,
Neratinib, AZD0530, Dastinib, Bl 2536, Vinorelbine (Navelbine), PI-103, Everolimus
(RADO001), PD98059, WYE-345, XL 147, XL765 and DOC-2036. The purpose with this
validation was to find Kls that increase the CDX2 promoter activity of pGL4.10-IL-33-
promoter-enhancer and when compared to the control’s 0 ng/ml had the same promoter
activity at 0 ng/ml. The comparison with the control was done to find Kis that increase the
promoter activity, when having the same starting points as the control, when no KI was
added. Samples that decrease the promoter activity will not be assessed in this thesis.
Statistical analysis showed a significant difference in the promoter activity when LS174T7D9
were stimulated with Flavopiridol(Alvocidib), XL880(GSK1363089), SB 525334,
PD0332991, PI-103, Everolimus(RADO001), PD98059, WYE-354, XL147, XL 765 and DCC-
2036. Kis that both increase the promoter activity and had the same promoter activity at 0
ng/ml as the control were XL880(GSK12603089), SB 525334, PD0332991, PI-103,
Everolimus, PD98059, WYE-354, XL147 and XL 765. However, the control, Ki8751,
MGCD-265, PHA-793887, Neratinib, AZD0530, Dastinib, Bl 2536, Vinorelbine (Navelbine)
and PD98059 did not showed to be significantly different when inducing with 16 ng/ml
DOX. On the graph, the significance level is shown by stars for those Kis that had a

difference in the promoter activity (Figure 17).
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Figure 17 Validation of the 19 Kis chosen after selected based on the predetermined criteria (see Flowchart). The graph
shows how the CDX2 driven promoter activity of pGL4.10-IL-33-promoter-enhancer is regulated by Ki8751, Flavopiridol
(Alvocidib), XL880 (GSK1363089), SB 525334, PD0332991, MGCD-265, PHA-793887, Neratinib, AZD0530, Dastinib, BI
2536, Vinorelbine (Navelbine), P1-103, Everolimus (RAD001), PD98059, WYE-345, XL 147, XL765 and DOC-2036, when
normalised to the relative fold change in regulation. The x-axis shows the Kls. The control used in the assay had no Kl
added. The assay was done in triplicate. Statistical analysis was done with a Student T-test, where Kls showed a significant
difference with a p-value of <0.05 in promoter activity when LS174T7D9 was induced with 16 ng/ml DOX is noted with *. p-
value < 0.05*, p-value < 0.01** and p-value < 0.001***,

Each KI was compared to the control to assess the change in the regulatory effect of the
CDX2 driven promoter activity of pGL4.10-1L-33-promoter-enhancer construct (Figure 18).
The focus here was to find Kls that further increased the promoter activity, which happened
when LS174T7D9 was stimulated with XL880(GSK1363089), SB 525334, PD0332991,
Neratinib, Everolimus and XL765. Above each KIs is given, in percentage, how much each
K1 compared to the control either increase or decrease the CDX2 driven promoter activity of
pGL4.10-1L-33-promoter-enhancer setting the control to 100%. The graph shows the relative
fold change in percentages of CDX2 driven promoter activity of pGL4.10-1L-33-promoter-
enhancer, where XL880(GSK1363089) further increases the promoter activity with 9.5 %,
SB 525334 with 74.3%, PD032991 with 72.6%, Neratinib with 23.9%, Everolimus with
96.2% and XL765 with 44.3% when compared with the control.
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Figure 18 Regulatory effect on the CDX2 driven promoter activity of pGL4.10-1L-33-promoter-enhancer. The relative fold
change (y-axis) was derived from the difference between 16 ng/ml DOX divided with 0 ng/ml DOX. Each KI was compared
to the control, and the Kls that showed a further increase in the promoter activity was considered relevant. These were
XL880(GSK1363089), SB 525334, PD0332991, Neratinib, Everolimus and XL765. The regulatory effect in percentage is
shown above each Kl and they are calculated based on the control being 100%.

To make sure that the Kls only exert their regulatory effect on LS174T7D9 and not killing
the cells a cell viability check was done by assessing the secreted Lucia luciferase found in
the media of LS174T7D9. The assays cell viability was checked before LS174T7D9 was
harvested and measured for luciferase and p-galactosidase activity (Figure 19). The Graph
shows that LS174T7D9 cell viability does not remain constant when Kis is added to the cells.
Kls Flavopiridol, PHa-793887, Neratinib, AZD0530, Dastinib, Bl 2536, Vinorelbine and
Everolimus all show a decrease in secreted Lucia luciferase, because of a possible effect

through the KI target.

Page 42 of 76



Cell viability of LS174T7D9 when stimulated with 1 uM
kinase inhibitors

., 800000
% 700000
& 600000
L 500000
S 400000
< 300000
S 200000 H
2 100000 |_| H |_||_| |_| I_IH
L [ |_| |_"_|
S 0
= > NS O NSO D R P 0D AN O NN S L0
Z PO RIS A M R N SR I R N SR SR e C RN I
& O %" v N VS N SRS AN M,
o NN CH SN IO MT o YD C MR (O S S NP I N N i T 20 M ¢
S @) & ’\0’ Q;’) > A ¥ ~ P e N 8\?‘ QQ QD C
< &3\\? (;-% P L L Q\%\V Q\C’é Ny @o"’ ©
‘\i\ Q,Q\ ")0) N \0\\
RO oY & N\
<<\’Z) + é\l A\(\ <</

KINASE INHIBITORS

EO0 ng/ml DOX @16 ng/ml DOX

Figure 19 Secreted Lucia luciferase from LS174T7D9. The cells were stimulated with 1 M Kl, incubated for 72 H and
induced with 0 ng/ml and 16 ng/ml DOX. The cell media was taken out before harvest and measurement, where the secreted
Lucia luciferase is obtained. The y-axis is the amount of secreted Lucia luciferase measured and the x-axis is the kinase
inhibitors.

In brief, based on the result outcome from the CDX2 driven promoter activity, where the
promoter activity increase when CDX2 drives the promoter of pGL4.10-IL-33-promoter-
enhancer that showed a significant difference between 0 ng/ml and 16 ng/ml DOX, five Kls
were chosen further assessment. These five Kls regulatory effect showed a further increase
promoter activity. These five Kls were SB 525334, PD0332991, Neratinib, Everolimus and
XL765.

The following data shown here is not validated and therefore shows the same outcome as the
19 Kls data for the CDX2 driven promoter activity of pGL4.10-1L-33-promoter-enhancer

construct. However, for a better overview, the data is displayed only for the top five Kis.

The top five Kls SB 525334, PD0332991, Neratinib Everolimus and XL765 all had the same
promoter activity at 0 ng/ml DOX as the control, however when assessing which Kls had a
further increase in CDX2 driven promoter activity SB 525334, PD0332991, Everolimus and
XL765 showed an increase expect from Neratinib (Figure 20). Statistical analysis showed
that SB 525334, PD0332991, Everolimus and XL765 were significant when inducing from 0
ng/ml to 16 ng/ml DOX. However, for the control and Neratinib did not show a significant

difference when inducing from 0 ng/ml to 16 ng/ml DOX.
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Figure 20 Validation of the top five Kis regulatory effect on the CDX2 driven promoter activity of pGL4.10-IL-33-promoter-
enhancer. The graph shows the normalised relative fold change of how the CDX2 driven promoter activity of pGL4.10-IL-33-
promoter-enhancer is regulated by SB 525334, PD0332991, Everolimus (RAD001) and XL765. The control used in the
assay had no Kl added. The assay was done in triplicate Statistical analysis was done with a Student T-test, where Kls
showed a significant difference with a p-value of <0.05 in promoter activity when LS174T7D9 was induced with 16 ng/ml
DOX is noted with *. p-value < 0.05*, p-value < 0.01** and p-value < 0.001***,

The regulatory effect of the five Kis on CDX2 driven promoter activity of pGL4.10-IL-33-
promoter-enhancer construct showed that they all increase the promoter activity further when
compared with the control. SB 525334 had 74.5 %. PD0332991 had 72.6 %, Neratinib had
23.9%, Everolimus had 96.2% and XL765 had 44.3% further increase of the promoter
activity when setting the control to 100% (Figure 21).
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Figure 21 Regulatory effect on the CDX2 driven promoter activity of pGL4.10-IL-33-promoter-enhancer. The relative fold
change (y-axis) was derived from the difference between 16 ng/ml DOX divided with 0 ng/ml DOX. Each KI was compared
to the control, and the Kils that showed a further increase in the promoter activity was considered relevant. These were SB
525334, PD0332991, Neratinib, Everolimus and XL765. The regulatory effect in percentage is shown above each Kl and
they are calculated based on the control being 100%.
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8.3.1 Wntdriven promoter activity of pGL4.10-1L-33-promoter-enhancer when
stimulated with the selected 19 Kls
Based on the selection process 19 Kls met the applied criteria Ki8751, Flavopiridol

(Alvocidib), XL880 (GSK1363089), SB 525334, PD0332991, MGCD-265, PHA-793887,
Neratinib, AZDO0530, Dastinib, Bl 2536, Vinorelbine (Navelbine), PI-103, Everolimus
(RADO001), PD98059, WYE-345, XL 147, XL765 and DOC-2036. The purpose with this
validation was to find Kls that decrease the Wnt promoter activity of TOPflash and when
compared to the control’s 0 ng/ml and that have the same promoter activity at 0 ng/ml. Here
samples that increases the promoter activity will not be assessed in this thesis. Statistical
analysis showed a significant difference in the promoter activity when LS174T7D9 were
stimulated with PD0332991, MGCD-265, PI-103, XL765 and DCC-2036. Kls that both
decrease the promoter activity and has the same promoter activity at 0 ng/ml as the control
were XL880(GSK1363089), Dasatinib, P1-103, PD98059, XL174 and XL765. On the graph,
the significance level is shown by stars for those Kls that had a difference in the promoter

activity (Figure 22).
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Figure 22 Validation of the 19 Kis chosen after selected based on the predetermined criteria (see Flowchart). The graph
shows how the Wnt driven promoter activity of TOPflash is regulated by Ki8751, Flavopiridol (Alvocidib), XL880
(GSK1363089), SB 525334, PD0332991, MGCD-265, PHA-793887, Neratinib, AZD0530, Dastinib, Bl 2536, Vinorelbine
(Navelbine), PI-103, Everolimus (RAD001), PD98059, WYE-345, XL 147, XL765 and DOC-2036 when normalised to the
relative fold change in regulation. The x-axis shows the Kls. The control used in the assay had no KI added. The assay was
done in triplicate. Statistical analysis was done with a Student T-test, where Kls showed a significant difference with a p-
value of <0.05 in promoter activity when LS174T7D9 was induced with 16 ng/ml DOX is noted with *. p-value < 0.05*, p-
value < 0.01** and p-value < 0.001***.
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Each Kl was compared to the control (no Kl was added) to assess the change in the
regulatory effect of the Wnt driven promoter activity of TOPflash construct (Figure 23

Regulatory effect on the CDX2 driven promoter activity of
pGLA.10-IL-33-promoter-enhancer
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Figure 18 Regulatory). The focus here was to find Kls that further decreased the promoter
activity, which happened when LS174T7D9 was stimulated with SB 525334, PD0332991,
MGCD-265, PHA-793887, Neratinib, PI-103, Everolimus(RADO001), PD98059, WYE-354,
XL147 and XL 765. Above each Kls is given, in percentage, how much each KI compared to
the control either increase or decrease the Wnt driven promoter activity of TOPflash setting
the control to 100%. The graph shows that relative fold change in percentage of the Wnt
driven promoter activity of TOPflash, where SB 525334 further decreases the promoter
activity with 25.9%, PD0332991 with 39.2%, MGCD-265 with 29.9%, PHA-793887 with
51.5%, Neratinib with 26%, PI1-103 with 91.1%, Everolimus(RADO001) with 4%, PD98059
with 34.9%, WYE-354 with 3.9%, XL147 with 11.5% and XL 765 with 6.6% when

compared with the control.
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Figure 23 Regulatory effect on the Wnt driven promoter activity of TOPflash. The relative fold change (y-axis) was derived
from the difference between 16 ng/ml DOX divided with 0 ng/ml DOX. Each KI was compared to the control, and the Kls
that showed a further decrease in the promoter activity was considered relevant. These were SB 525334, PD0332991,
MGCD-265, PHA-793887, Neratinib, BI-2536, PI-103, Everolimus(RAD001), PD98059, WYE-354, XL147 and XL765.The
regulatory effect in percentage is shown above each Kl and they are calculated based on the control being 100%.

To make sure that the Kls only exert their regulatory effect on LS174T7D9 and not Killing
the cells a cell viability check was done by assessing the secreted Lucia luciferase found in
the media of LS174T7D9. The assays cell viability was checked before LS174T7D9 was
harvested and measured for luciferase and B-galactosidase (Figure 24). The graph shows that
LS174T7D9 cell viability does not remain constant when Kls is added to the cells. Kls
Flavopiridol, PHA-793887, Neratinib, AZD0530, Dasatinib, BI-2536, Vinorelbine and
Everolimus all show a decrease in secreted lucia luciferase, because of a possible effect
through the Kis target.
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Figure 24 Secreted Lucia luciferase from LS174T7D9. The cells were stimulated with 1 uM KI, incubated for 72 H and
induced with 0 ng/ml and 16 ng/ml DOX. The cell media was taken out before harvest and measurement, where the secreted
Lucia luciferase is obtained. The y-axis is the amount of secreted Lucia luciferase measured and the x-axis is the kinase
inhibitors.

To summarize, based on the result outcome of the Wnt driven promoter activity of TOPflash,
a further decrease in the promoter activity and Kls that showed to have a significant
difference between 0 g/ml and 16 ng/ml DOX, only two Kls showed both effects. The Kls
were PD 525334 and P1-103. However, the Wnt promoter activity of TOPflash were assessed

again but with the five Kls chosen from the CDX2 driven promoter activity.

The Wnt driven promoter activity of TOPflash was assessed with the top five Kls (Figure
25). The graph showed that SB525334, PD0332991, Everolimus and XL765 did not have the
same starting point at 0 ng/ml DOX as the control, only Neratinib showed the same starting
point. However, statistical analysis showed that the control, SB 525334, PD0332991 and
Everolimus had a significant difference in the promoter activity, whereas Neratinib and
XL765 did not.
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Figure 25 Validation of the top five Kls regulatory effect on the Wnt driven promoter activity of TOPflash. The graph shows
the normalised relative fold change of how the WNT driven promoter activity of TOPflash is regulated by SB 525334,
PD0332991, Everolimus (RADO01) and XL765. The control used in the assay had no KI added. The assay was done in
triplicate Statistical analysis was done with a Student T-test, where Kls showed a significant difference with a p-value of
<0.05 in promoter activity when LS174T7D9 was induced with 16 ng/ml DOX is noted with *. p-value < 0.05*, p-value <
0.01** and p-value < 0.001***,

The regulatory effect on Wnt driven promoter activity of TOPflash with the 5 Kls showed
that none of them decreased the promoter activity additionally when compared to the control.
For a better overview of a possible decrease in promoter activity the regulation between 0
ng/ml and 16 ng/ml were found by taking the logarithm to the numbers, showing the
normalized relative fold change in log with a base of 2. SB525334 had a decrease of the
promoter activity with -44.02%, PD0332991 with -15.9%, Neratinib with -71.6%,
Everolimus with -53.5% and XL765 with -16.4% when compared with control of 100%
(Figure 25). The graph shows that none of the KIs showed a further decrease in Wnt driven

promoter activity when compared with the control.

Page 49 of 76



De 1 I o P R S I s TR FTORf sch
negulatory errect or vwnt dr'-,-: 1 promoter acivity o L asn

L

-71-6%

-53.5%
-44.02%

-15.9% -16.4%

MORMALISED RELATIVE FOLD CHANGE TO LOG2

100%

Figure 26 Regulatory effect on the Wnt driven promoter activity of TOPflash. The relative fold change (y-axis) was derived
from the difference between 16 ng/ml DOX divided with 0 ng/ml DOX. Each Kl was compared to the control, and the Kls
that showed a further decrease in the promoter activity was considered relevant. None of the Kls showed a further decrease
in Wnt driven promoter activity. The regulatory effect in percentage is shown above each Kl and they are calculated based
on the control being 100%.

To summarize, the results of screening the kinase inhibitor library showed that when inducing
the CDX2 driven promoter activity of pGL4.10-1L-33-promoter-enhancer with 0 ng/ml and
16 ng/ml and stimulating LS174T7D9 with the four Kils, SB 525334, PD0332991,
Everolimus and XL765, a regulatory effect was found on the CDX2 driven promoter activity
of pGL4.10-1L-33-promoter-enhancer. However, the Wnt driven promoter activity of
TOPflash assay did not find any Kls that shared the same promoter activity with the control
at 0 ng/ml and was significantly difference when inducing LS174T7D9 with 16 ng/ml DOX.
A further decrease was not found in the Wnt driven promoter activity of TOPflash, when

comparing the KI with the control.

8.4 RT-QPCRor ABCB1, IL-33 AND MYC.

Three target genes were chosen for the assessment of how CDX2 had a possible regulatory
effect on respectively ABCB1, IL-33 and MYC. ABCB1 are the most widely known ABC
transporters and they have been associated with Multi drug resistance (MDR) problems in
relation to human cancers (An & Ongkeko, 2009; Litman et al., 2001; Shukla et al., 2021;
Sun et al., 2012). There has been reported a correlation between the expression of CDX2 and
the amount of expressed ABCB1 transporter, therefore the effect of expressed CDX2 on
ABCBL transporter is assessed by RT-gPCR. Due to the limited knowledge regarding how
IL-33 is controlled, this gene was also assessed in the relation with CDX2 expression. As
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mentioned earlier, CDX2 and Whnt signalling have seen to have a cross talk relation and one
of the Wnt transduction pathways target genes is MYC. Therefore, RT-gPCR will help assess
the crosstalk relation between CDX2 and Whnt signalling further by using MYC. The assays
were conducted with inductions of 0 and 16 ng/ml DOX and then stimulated with 1 uM of
either SB 525334, PD033299, Neratinib, Everolimus and XL765.

First to check if the gPCR machine worked optimally the positive GAPDH control (provided
by the manufacturer) was analyzed (Figure 27). The results showed that of the two technical
duplicates assessed, only one sample showed an amplification (Red) of the cDNA template of
GAPDH. The amplification is set to start around cycle 25-26 and the change in the reference
dye SYBR Green fluorescence was around 210. For the other sample, no amplification was

observed (Blue).

Amplification Plots

254
E
i

Figure 27 Amplification plot of GAPDH. y-axis show the change in reference dye SYBR Green (dR) pr cycle (x-axis). The
fluorescens value peak at 200. It is also important to state that the y-axis is AR (delta R) and not Rn as used for other
amplification plots. Instead of being normalized to the passive reference dye (ROX), it is the change in the reference reporter
dye (SYBR Green), that is shown in the graph pr cycles.

After the assessment of the positive GAPDH control, a dilution series of 10, 10 and 103
was made from the sample which was not stimulated by Kls but was induced with 16 ng/ml
DOX to assess the optimal RNA concentration. The concentration of the sample was 74.7
ng/ul and 1860 ng for the whole sample. (The rest of the concentrations can be found in
appendix 13.9). H.0 was used as a negative control and RPLPO1 was used as a positive
control (house-keeping gene), used for normalization of target gene expression. The assay
will include samples receiving reverse transcriptase and samples not receiving reverse

transcriptase. For the negative control with H20, no reverse transcriptase nor cDNA is added.
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The optimal concentration of RNA was tested twice due to a possible error in the first set up
(Appendix 13.10), however, upon testing the optimal concentration again the result outcome

was the same as the first time (Figure 28).

Figure 28 Amplification plot of ABCB1, IL33 and MYC. Samples contained reverse transcriptase and cDNA. X-axis shows
cycles and y-axis show measured fluorescence normalized to the passive reference dye (Rn).

To summarize, these experiments did not yield useful data for the further assessment of
CDX2s involvement in regulation of the three target genes ABCB1, 1L-33 and MYC, because
the gPCR did not work. However, what might be expected to see, if the results did yield

useful data, will be discussed.
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9 DISCUSSION

The following section will discussion if Ls174T7D9 has given the information wanted
regarding investigate the regulatory mechanism behind CDX2. This section will further
discussion which new pathways were found to regulate CDX2 gene regulatory effect in
LS174T7D9 culminating in two overviews of where the Kls exert their inhibition and
furthermore a figure illustrating where the new pathways regulated CDX2. Finally, the
section will discussion what was expected to be found from the qPCR results, when cross

referencing with previously published data.

9.1 LS174T7D9 AN MODEL ORGANISM TO INVESTIGATE REGULATORY

MECHANISMS BEHIND CDX2
A model organism that creates a situation where no transcription of a given gene can simply

be induce by adding a drug and then controlling the transcription has not to this date been
created. However, Pinto et al., 2017 created a system where it was possible to avoid leakiness
and ensure controllable gene expression. By using Precise integration of inducible
transcriptional elements (PrlITE), they knocked out CDX2 with TetOn and then they inserted
TRE and CDX2 into AAVSL1 locus site. PhD student Stine Bull Jensen created a system in
which cell viability served as a proxy for secreted Lucia luciferase transcribed through its
promoter hEF1. Since TRE and CDX2 only occupied one allele in the AAVS1 locus, it was
possible by homology recombination to insert hEF1 and the Lucia luciferase gene onto the
second allele. The new model organism containing these two systems was LS174T7D9 and

these modified cells made it possible to investigate and find the previously described results.

Based on the results it was found that when inducing and stimulating LS174T7D9 with DOX
and Kils, it was possible to control and regulate CDX2. The optimal condition for the
LS174T7D9 to induce and stimulate CDX2 driven promoter activity of pGL4.10-IL-33-
promoter-enhancer construct was to incubate the cells for 72 hours, induce with 16 ng/ml
DOX and stimulate with 1 puM of KI. The same condition was also applied when
investigating the Wnt driven promoter activity of TOPflash. To check if CDX2 could drive
the promoter activity of pGL4.10-1L-33-promoter-enhancer other previously published
promoters were applied. CDX2 had been shown to regulate HEPH (Boyd et al., 2010;
Coskun et al., 2012; Hinoi et al., 2005), YAP1 (Larsen et al., 2019) and GPA-33 (Hinio et al.,
2002; Pinto et al., 2017), which made them good controls to check if the DOX induction

work optimally.
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LS174T7D9 also provided when to stimulate the cells with 1 uM KI. This was done by using
two previously published Kls that had shown to have a regulatory effect on CDX2. The two
Kls were U0126 (Rings et al., 2001) and SB203580 (Houde et al., 2001), which inhibits
MEKZ1/2 in the Ras/Raf/MEK/Erk pathway and mitogen p38, respectively. The articles found
that for U0126 the transactivation of CDX2 decreased when stimulated with U0126, whereas
the transactivation of CDX2 increased when stimulated with SB203580. This does not
consistent with the results found for U0126. During the optimization, it was found that the
CDX2 driven promoter activity of pGL4.10-IL-33-promoter-enhancer increased when
stimulated with U0126. For the Wnt driven promoter activity of TOPflash the results showed
that when stimulating LS174T7D9 with SB203508 there were an increase in the promoter
activity when compared with the control. The results showed that when inducing the
LS174T7D9 cell with DOX, thereby increasing CDX2, the Wnt driven promote activity
decrease, however this is not consistent with what figure 15B shows. Here the Wnt driven
promoter activity of TOPflash increases when stimulated with SB203508 compared to the
control. It would be expected to decrease the Wnt driven promoter activity because previous
published data found that when downregulating or reducing CDX2 expression an increase of
Whnt signalling occurred (Boyd et al., 2010; Coskun et al., 2014).

As mentioned, LS174T7D9 were equipped with a cell viability system, which were checked
by the amount of secreted Lucia luciferase. If the cell is vial, the continuous transcription of
Lucia luciferase gene will occur. The cell viability was first checked during the screening of
the kinase inhibitor library, to make sure the cells kept proliferating when stimulated with 1
uM KI. For both pGL4.10-IL-33-promoter-enhancer and TOPflash assays, the cell viability
did not remain constant when stimulating LS174T7D9 with the 19 Kls. The data showed that
for both promoter constructs Flavopiridol, PHa-793887, Neratinib, AZD0530, Dastinib, Bl
2536, Vinorelbine and Everolimus all had a decrease in secreted Lucia luciferase. The
interesting point here is that it is the same KIs for both promoter construct showed a decrease
in secreted lucia luciferase. When taking a closer look at what the different Kils target, it is
cell cycle phases G1 and G2/M, cell proliferation and cell cycle progression. If the Kls inhibit
pathways that control cell cycle, cell proliferation and cell cycle progression, the cells will
not be able to secret the same amount of Lucia luciferase as the cells which do not have their
cell cycles, cell proliferation of cell progression inhibited.
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LS174T7D9 showed to be beneficial when assessing the 196 Kls from the commercially
screening library. This was illustrated by three 3D graphs giving the total overview how the
196 Kls affected the CDX2 driven promoter activity of pGL4.10-IL-33-promoter-enhancer
(Figure 16). However, it is important to notice that the whole screening was done in
duplicates, whereas triplicate would have been optimal. But by applying CV% and other
criteria listed in Table 4 it was possible to select the 19 Kls for further assessment and then
compensating for the lack of a Student T-test. After validation, the LS174T7D9 helped
provided information of the top five selected Kls regulatory effect on the CDX2 driven
promote activity of pGL4.10-IL-33-promoter-enhancer. The results showed the promoter
activity of pGL4.10-1L-33-promoter-enhancer increased in LS174T7D9 when induced with
16 ng/ml DOX and that when stimulated with SB525334, PD0332991, Everolimus and
XL765 a further increase in the promoter activity happened. Since these assays were done in
triplicates it was possible to verify a significant difference in promoter activity when inducing
LS174T7D9 with 0 ng/ml and 16 ng/ml DOX by applying Student t-test. LS174T7D9
identified for the Wnt driven promoter activity of TOPflash two Kls that regulated CDX2
after selection of the 19 Kls. PD0332911 and P1-1003 was both significant and increase the
promoter activity further. However, only PD0332991 was chosen since it was also found for
the CDX2 driven promoter activity. Further validation of the five Kls stimulation on the Wnt
driven promoter activity of TOPflash did show that SB525334 and Everolimus were
significantly different in promoter activity when inducing the cells with DOX but did not

show any further decrease in the promoter activity of TOPflash.

Finally, for the screening of the Kls the Kls stimulatory effect on CDX2 and the Wnt
signalling were compared to the controls where no Kl was added. All the experiment’s
controls, except for the regulation of the Wnt driven promoter activity of TOPflash with the
five Kils, were not significantly different when inducing LS174T7D9 with DOX. Therefore,
all the findings from the screening of the 196 Kls needs to be further validated to support the

result outcomes.

Because the modified LS174T7D9 has not been tested before, it is not possible to compare
with other published data and therefore it is necessary to investigate LS174T7D9 with other
genes besides CDX2 and with other stimulants/drugs. But for this thesis aim, LS174T7D9
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has been proven to aid with the necessary information to screen a possible regulatory effect
on the CDX2 through stimulation with Kis.

9.2 APOSSIBLE REESTABLISHMENT OF CDX2 IN CRC CELLS AND DECREASE

IN FURTHER PROGRESSION
From the screening of the kinase inhibitor library 5 Kls were selected for further validation,

because they showed a further increase in the CDX2 driven promoter activity of pGL4.10-IL-
33-promoter-enhancer. The five Kls were SB 525334, PD0332991, Neratinib, Everolimus
and XL765. From these, all showed a significant difference when LS174T7D9 was induced
with 16 ng/ml except from Neratinib. The target site for SB525334 is TGFB-R1/ALKS,
which is a part of the TGFf pathway, which initiate transcription of targets genes responsible
for cell proliferation, differentiation, cell survival and apoptosis. Neratinib target the
HER2/EGF receptor, which through the binding of ligands activate the Raf/RassMEK/ERK
pathway. This pathway leads to the activation of cell survival, cell proliferation and cell cycle
progression. Furthermore, HER2/EGF also activate the PI3K pathway. In this pathway
XL765 function as a dual inhibitor, which targets both PI3K and mTORC1, this leading to
cell growth and protein synthesis activation. mMTORCL is also a target for Everolimus, which
through the inhibition of FKBP12 bound with rapamycin inhibits mMTORC1and thereby the
cell growth and protein synthesis is also inhibited (Figure 29).
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Figure 29 Overview of the top five Kls target sites in TGFB, HER2/EGFR and PI3K pathway. The figure showes that SB 525334
inibitbs the TGF-BR1/ALK5 receptor in the TGFB pathway. Neratinib inihibits the HER/EGR receptor in the Ras/Raf/MEK/Erk
pathway. XL765 is a dual inibitor of both PI3K it self and mTORC1. Everolimus inhibits FKBP12 in a rapamycin complex,
which together inhibits mTORC1. These pathways all lead to the transcription of target genes involved in cell proliferation,
differntiation, cell survival, apotosis, cell cycle prograaion, cell growth and protein synthesis. The green arrows indicate
activation and the red blunt end arrows indicate inhibition (own creation through BioRender).

The target site for PD0332991 is cycline dependent kinase 4/6, which is a part of the G1
phase of the cell cycle (Figure 30).
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Figure 30 Overview of where PD0332991 targets the cell cycles. PD0332991 inhibits the cycline dependent kinase 4/6 in the
G1 phase of the cell cycle. the red blunt end arrow indicates inhibition (own creation through BioRender).
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Since only the CDX2 driven promoter activity of pGL4.10-1L-33-promoter-enhancer showed
a further increase in the promoter activity and the Wnt driven promoter activity of TOPflash
needed further assessment, only the CDX2 driven promoter activity of pGL4.10-1L-33-
promoter-enhancer will be addressed in the next part of the discussion.

Previous data showed that CDX2 had been regulated both on a transcriptional and post
translational level (Figure 4). Transcriptional regulation both inhibitory and activating
occurred through GATAG, TCF7L2, HNFa, NKF-kB and promoter methylation (Benahmed
et al., 2008; Boyd et al., 2009; Zheng et al., 2014; Kim et al., 2002; Graule et al., 2018). Post
translational inhibition of CDX2 happened through phosphorylation of MAPK (Rings et al.,
2001) and phosphorylation of Cdk2 (Boulanger et al., 2005) and CDX2 were activated by
phosphorylation of mitogen p38 (Houde et al., 2001), which is also a component in the
MAPK pathway. When comparing these previous published data with what my results have
shown, all the 4 significant Kls increase CDX2, when assessing the CDX2 promoter activity.
TGF-B, Raf/RassIMEK/ERK, PI3K and mTOR pathways could by possible regulatory
pathways by which CDX2 is regulated in LS174T7D9 (Figure 31). However, these previous
published data have been shown through expression analysis, such as gPCR, western blotting,
or northern blotting, whereas my results are solely based on the change in CDX2 promoter
activity. Therefore, further testing is needed for the Kls regulatory effect on CDX2 at either
MRNA or protein level through gPCR or western/northern blotting.
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Figure 31 Transcriptional and post-translational regulation of CDX2 including the 4 new pathways. The figure illustrates
CDX2 regualtion at a transcriptinal level by GATA6, TCF7L2, HNFo NF-kB and pormoter methylation and translational level
by PI3K/mTORC1(new), MAPK, Ras/Raf/MEK/ERK (new), p38, Cell cycle CDK4/6 (new), CDK2 and TGF-6 (new). (Own
creation through BioRender).

As stated in the introduction, CRC cells lack or shown aberrant expression of CDX2 (Dalerba
et al., 2016). The optimal situation would be to restore the CDX2 expression of the CRC cells
and thereby limiting further cell proliferation and possible metastatic progression of the CRC.
Interpretation of the CDX2 driven promoter activity of pGL4.10-IL-33-promoter-enhancer
construct showed that when inducing LS174T7D9 with 16 ng/ml DOX there was a further
increase in the CDX2 driven promoter activity and together with the cell viability check
LS174T7D9 was still vial during the stimulation with the four kinases expect for Everolimus,
which showed a lower amount of measured Lucia luciferase in the media (Figure 19). This
scenario could possibly be beneficial when battling cancer and its progression. If these four
Kls can increase the presence of CDX2 in the CRC cells, inhibit pathways which leads to
activation of cell proliferation, cell survival, cell growth and etc, and still not kill the healthy

tissue they would be Kls that should be further researched.

However, while the restoration of CDX2 in CRC seems to be beneficial in the battle of

controlling and limiting CRC progression, a study investigating overexpression of CDX2 in
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13 cancer cell lines, showed an increased in the development of chemoresistance towards

chemotherapy drugs (Takakura et al., 2010). This will be discussed in the following section.

9.3 CDX2’S POSSIBLE INVOLVEMENT IN CHEMORESISTANCE, CROSSTALK

WITH WNT AND LOCAL INFLAMMATION
The following discussion is solely based on assumption made from previous published data

and what might had been expected to see if the g°PCR had worked and given useful results.

In short, three genes, transporter gene ABCB1, alarmin IL-33 and oncogene MYC, were set
to be amplified from RNA extract from samples containing DOX induction with 0 ng/ml and
16 ng/ml and stimulation with the five top Kls SB 525334, PD0332991, Neratinib,
Everolimus and XI1765. However, no results were obtained from the q°PCR machine, because
of a malfunction of the machine. Only one sample with GAPDH control of a set of duplicates
showed to be amplified at 25-26 cycles, with melting curve analysis showing a peak at
around 86°C.

9.3.1 ABCBI1 transporter
Until now, CDX2 have proven to be a tumour suppressor in the development of CRC,

however, Takakura et al., 2010 showed that CDX2 may function as a link in obtaining
chemoresistance through the upregulation of ABCBL1 transporters. The normal function of
ABC transporters is to transport hormones, lipids, ions, xenobiotics, maintenance of osmotic
homeostasis, antigen processing, cell division, cholesterol homeostasis, regulating central
nervous system permeability and blood-brain barrier, which makes them responsible for a
wide range of physiological functions (Gottsman et al., 2002; Liu et al., 2019; Robey et al.,
2018). In human CRC cells the transcription of ABCB1 transporter was found to be initiated
by CDX2. Different colorectal cell lines, such as Caco-2, DLD1, GCT116, HT-29, LoVo,
LS174T, SW48, SW1116, SW480, Sw837, SW1463 and WiDr, was investigated to see the
expression pattern of MDR1/ABCB1 and CDX2. The study found that MDR1/ABCB1 was a
primary target for CDX2 activity. Figure 32 shows a correlation between CDX2 expression
and MDR1/ABCB1 expression that when CDX2 was expressed, MDR1/ABCB1 was
expressed. However, for two of the eight cell lines, LS174 and SW48, an undetectable level
of MDR1/ABCB1 (Takakura et al., 2010). This indicating that most of the colorectal cancer
cell lines showed an increase in the presences of MDR1/ABCB1 transporters. Hence,

increasing the chemoresistance mechanisms of enhanced efflux of drug when CDX2
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expression levels is increased as well. However, based on the LS174 and SW48 data, CDX2
activity may not be sufficient for the transcription of MDR1/ABCB1, and other factors may be

involved in initiating the transcription.
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Figure 32 Correlation between CDX2 expression and MDR1/ABCB1 expression in 13 different colon cancer cell lines. A
western blot was done, showing the CDX2 regulated protein expression level of MDR1 in Caco-2, DLD1, BCT116, HT-29,
LoVo, LS174T, RKO, Sw48, SW1116, SW480, Sw837, SW1436 and WiDr. Control actin and GAPDH were used to check that
the same amount is loaded every time and because they remain stable during treatment(Takakura et al., 2010).

These findings lead to the assumption that for the control samples where no stimulation is
added, it was expected to see no increase in ABCB1 expression at 0 ng/ml DOX, but a small
increase in the expression when the cells is induced with 16 ng/ml DOX. However, when
LS174T7D9 is stimulated with SB 525334, PD0332991, Neratinib, Everolimus and X1765
there could be a further increase in ABCB1 expression, since the Kls leads to an increase in
CDX2 driven promoter activity of pGL4.10-IL-33-promoter-enhancer. This information leads
to the speculation of how the increase of CDX2 could possibly increase the survival of CRC
cells in that ABCBL is upregulated when CDX2 is expressed. Therefore, these cells could
progress into metastasis and thereby making it more difficult to target the cancer with
chemotherapy. And if the CRC is targeted with chemotherapy that increases ABCB1
transporters through CDX2 it could lead to an increase of efflux of the drugs applied in the

treatment.

9.3.2 Wnt pathway’s target gene MYC
It has already been established that CDX2 crosstalk with the Wnt pathway by several studies

and this crosstalk is the reason that Wnt’s target gene oncogene MYC also were chosen for
gPCR, which normally contributes to cell proliferation and the formation of cancer. A study
showed that CDX2 is not directly regulating to MYC, but rather interact with component of
the degradation complex of fB-catenin and thereby regulates MYC (Yu et al., 2019). When
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cells proliferate the expression of Wnt is high and for the cell to start differentiation, TCF7L2
triggers the shift in the two states (Kuhnert et la., 2004; Mariadason et al., 2001; Pinto et al.,
2003). Based on the theory on how CDX2 crosstalk with Wnt pathway’s components and
how this leads to either an increase or a decrease in transcription of its target genes, it was
expected that the outcome of the control only induced with 0 ng/ml DOX show an expression
of MYC due to the lack of CDX2. However, when induced with 16 ng/ml of DOX it would
be expected to see a decrease in MYC and furthermore when stimulating LS174T7D9 with
the Kis, this would lead to a further decrease of MYC. By decreasing the expression of MYC
by inducing the cells with DOX, this could lead to a decrease in cell proliferation, which

would slow down a possible progression of CRC.

When screening the Wnt driven promoter activity of TOPflash and inducing LS174T7D9
with DOX there were a tendency of a decrease in the promoter activity, which could indicate
that CDX2 affects the Wnt signalling and thereby its functions that the Wnt pathway controls.
It would be beneficial when treating for CRC that by stimulating the cells with Kls and
increasing CDX2, the progression of CRC could possibly be slowed down, due to the
crosstalk CDX2 have with Wnt and furthermore, oncogenes such as MYC would not be able

to aid the development and formation of CRC.

9.3.3 IL-33 a guardian of barriers and conductor of local inflammation
Due to 1L-33’s important role in initiating local immune response, its association with the

development of CRC and the limited knowledge on its transcriptional regulation, it was
chosen as the third gene to use in the gPCR. Larsen et al., 2021 found that by inducing LS174
with DOX and thereby increasing CDX2 the mRNA levels of IL-33 could be regulated
through its enhancer region. When increasing the concentration of DOX, the mMRNA levels of
IL-33 rose to the levels of WT LS174T cells. Based on these findings it was expected to see
an increase in IL-33 expression when inducing LS174T7D9 cell with 16 ng/ml DOX. And by
further increasing the CDX2 by stimulation with the Kils, it would be expected to further
increase 1L-33. Studies have found that the IL-33 possess both pro- and anti-tumour
properties. IL-33 increase the recruitment of immune cells that increase cytokines,
inflammatory molecules and growth factors that lead to angiogenesis, invasion and migration,
immune escape, and metastasis by providing the immune cells to the tumour
microenvironment. Or 11-33 may recruit natural killer cells and cytotoxic T cells, which leads
to an increase in Inf-y and cytokines, which in return leads to tumour regression and tumour

rejection. If CDX2 aids the increase in IL-33 it is not possible to say in which way the
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outcome of the two possible ways IL-33 aids either the pro- (Maywald et al., 2015; Mertz et
al., 2016; Zhang et al., 2017; Akitomo et al., 2016 (both mouse and patient samples); Fang et
al., 2017; He et al., 2017 (both mouse and patient); Cui et al., 2015; Liu et al., 2014) or anti-
tumour progression (O’Donnell et al., 2016; Eissmann et al., 2018) or if it leads to CRC
development. However, by finding out if CDX2 regulates the expression of IL-33 it could

give a deeper insight into how IL-33 is regulated at a transcriptional level.
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10 CONCLUSION

LS174T7D9 has shown to be a potential model organism when investigating modulation of
CDX2’s gene regulatory activity through posttranscriptional modifications. This was shown
through CDX2 driven promoter activity of pGL4.10-1L-33-promoter-enhancer construct. The
LS174T7D9 gave the opportunity to research a system where CDX2 could be controlled by
induction with DOX. Furthermore, by screening LS174T7D9 with 196 Kls, it was possible to
identify 4 new pathways in which CDX2 is increased, SB 525334, PD0332991, Everolimus
and XL765. These 4 pathways were TGF-B, Ras/Raf/MEK/ERK, PI3K/mTORCI and
through the cell cycles G1 phase component CDK4/6. These 4 pathways control important
cellular processes, such as cell proliferation, cell differentiation, cell migration, cell growth

and cell survival, which is all key components in the development and progression of CRC.

The assessment of CDX2 regulatory effect on the Wnt driven promoter activity found that
when LS174T7D09 was induced with DOX, a decrease was shown in promoter activity of
TOPflash, thereby concluding that Wnt signalling is lowered when CDX2 is present in the
cell Is. From the validation of the 19 Kis, two Kls was found to decrease the promoter
activity of TOPflash and when stimulating with the KIs, decreased the promoter activity
further. The two Kls were PD0332991 and PI-103. These two Kis affect the cell cycles
CDK4/6 and PI3K pathway, which control cell proliferation and cell survival. However,
screening of the 4 Kls SB 525334, PD0332991, Everolimus and XL765 showed that when
compared to the controls 0 ng/ml DOX promoter, it was not the same for the Kls at 0 ng/ml
DOX. Additionally, they did not decrease the promoter activity further.

Nothing can be concluded on CDX2 regulatory effect on target genes ABCB1, 1L-33 or MYC,

because the gPCR machine did not work.

In conclusion, LS174T7D9 is a powerful model when screening drugs and has the ability to
give a full control on gene transcription because LS174T7D9 can be induce with DOX. This
could be very beneficial when searching for new drugs in the treatment against CRC and
maybe avoid relapses. LS174T7D9 can be applied to any gene/protein one wish to

investigate when screening new drugs regulatory effect on said gene/protein of interest.
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11 FUTURE RESEARCH

Since we were not able to obtain more material of the top 5 Kls SB5255334, PD0332991,
Neratinib, Everolimus and XL765, it was not possible to do a validation experiment on the
Whnt driven promoter activity of TOPflash again. Beside the CDX2 driven promoter
pGL4.10-1L-33-promoter-enhancer and Wnt driven promoter TOPflash construct, promoter
construct such as HEPH, GPA-33 and YAP1 could be applied to investigate their regulatory
effect when stimulated with KIs. The concentration of 1 uM KlIs were chosen based on the
optimization experiment with the two Kls U0126 and SB203580. However, is could be more

accurate to stimulate LS174T7D9 in a dose-dependent manner.

Due to the malfunction of the gPCR apparatus MX3005P, it was not possible to investigate
CDX2 possible regulatory role in the transcription of ABC transporter ABCBL, inteleukin-33
and a possible crosstalk to Wnt signalling through its target gene MYC. Therefore, new
experiments testing this regulatory effect would be beneficial for further knowledge
regarding chemoresistance with CRC patients, transcriptional and translational regulation of
IL-33 before release and in which way CDX2 affect Wnt signalling through its target gene
MYC. Furthermore, it would be interesting to see how CDX2 regulated the expression of
degradation component in the Wnt pathway, such as AXIN1/2, APC and GSK-3p.

Together with the assessment of chemoresistance and expression of transporter ABCBL, it
would be interesting to analyse how CDX2 expression affect the amount of ABCB1
transporters through a dye efflux assay by using Hoechst. Together with this experiment, the
cells could further be stimulated with SB5255334, PD0332991, Neratinib, Everolimus and
XL765 found during the screening experiment to see the affect it will have on the efflux of

Hoechst.

Lastly, it would be interesting to analyse LS174T7D9 induced with DOX, stimulated with the
top five KIS and treated with 5-FU through a cell proliferation assay. The proliferation assay
could give an indication on how the cells are affected by the drug 5-FU and to see how the
effect is affected when the cells are stimulated with SB5255334, PD0332991, Neratinib,
Everolimus and XL765 and induced with DOX.
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13 APPENDIX

13.1 OVERVIEW OF KNOCKOUT OF CDX2 BY TETON AND INTEGRATION INTO
THE AAVS1 Locus BY ZFN (PINTOET AL., 2017)

CDX2/13q12 AAVS1/19q13

pCMV-Tet3G
A HE 1 5}, T B l l
COX2 ZFN g% 8l g;
EIS E} S L
COX2locus  volm wms mmms gy gE
] 11
. b CDX2/"1XindCDX2
d [ %
OXVC€C ihe O‘ O a6
m\ transactivator
transeription, §== g
| - GOI 'S\W'l l’?‘i: 3‘1: e g‘-'
TRE3G - indGOI S EiS 35 é:';
AQVS1 ZFN &8 5 2 = 3
. 1 1
AAVS1 locus — - — N CDX2/-2XindCDX2

13.2 PSELECT-ZEOCIN-LUCIA PROMOTER CONSTRUCT FOR RECOMBINANT
INSERTION INTO AAVS1 LOCUS SITE

AAVS1 arm 2

cMV
B . . AAVS1 arm 1
CMV_fwd_primer ) '
pCEP_fwd_primer ....t4{ 25K pSelect-zeg-..
T7_promoter \ 5424 bp
Sh ble ' .. synth_PA_terminator

.. RVprimer3_primer
hEF1 promoter

b Glo poly A HTLV

SV40 poly A Lucia Luciferase
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13.3 IN-FuUsION CLONING OF PGL4.10-1L-33+PROMOTER+ENHANCER
(LARSEN ET AL., 2021)

F’I’Dmtiiﬁﬁ Enhancer
o

lrcr Yper
Reporter plasmid o /_
luciferase In-Fusion cloning

F’romoter Promoter
.Fuceferase ..fuc:.'i‘erase
Enhancer

13.4 TOPFLASH PROMOTER CONSTRUCT

f1 ori

" Flori-F
ori
____________________ PolyA_Signal_1
pBR3220ri-F . /... pause site
Topflash\8x\M50 . RVprimer3
,,,,,,,, 4985 bp oo, IXTCF
L4440 ' .. minP
... Misc_Feature 1
B LucNrev
SV40pA- R
SV40 poly(A) 5|gnal
luciferase
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Plate layout:L1200-01

13.5 OVERVIEW OF SELLECK CHEMICALS KINASE INHIBITOR SCREENING LIBRARY

1 2 3 4 5 6 7 8 9 10 11 12
Erlotinib Gefitinib(Iressa - PD153035 L . wz804 | Empt
Empty BMS-599626 Hydrochloride ) Neratinib hydrochloride Pelitinib | Vandetanib | WZ3146 WZ4002 0 y
. . . BIBF1120(Vargate Cediranib(AZD217 Imatinib(sTI57 | MatND | gt
AV-951(Tivozanib) | Axitinib f BMS 794833 Empty 1) Empty |CYC11i6 Empty 1) Mesylat y
e
Kig751 KRN 633 Masitinib(AB1010) | MGCD-265 Motesanib MP-470 051-930 ﬁaésgcafﬂigrid Sorafenib Tosylate | Sunitinib Tsu-gg | EMPL
Diphosphate ey Y Malate y
XL880(GSK136308 | PHA" AZD0530(Saracatini Dasatini Quercetin(Sophoreti Empt
Vatalanib 9 739358(Danuserti | AT9283 5 Bosutinib(SKI-606) | Nilotinib N P NVP-ADW742 | AC-220 | p
b)
AP24534 Tandutinib KW 2449 (1:0I_33(Canertini CP-724714 BAY 73- %gg_mso PF- PF-2341066 Em sex- St
(MLN518) b 4506(Regorafenib) | > 04217903 pty 523 y
ggﬁgigpm' NVP-TAE684 SB 525334 RA406 RA406(free base) XL184 BI 2536 | GSK461364 | HMN-214 ON-01910 AT7519 Smpt
Flavopiridol(Alvocidi | BS-181 Roscovitine(CYC20 | SNS-032(BMS- | AZD776 | AuroraA | AZD1152- ENMD- | Empt
b) hydrochloride PD0332991 PHA-793887 | ) 387032) 2 Inhibitor | | HQPA(Barasertib) | CCT129202 15076 |y
. M- AZD6244(Selumetini BIX Empt
Hesperadin MLN8237 Empty PHA-680632 | SNS-314 Mesylate | VX-680 fivaze | ASTOS026 | S AZD8330 02188 |y
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Plate layout:L1200-02

1 2 3 4 5 6 7 8 9 10 11 12
CI-1040 U0126- SB
a | BIX 02189 BMS 777607 (PD184352) PD318088 PD0325901 PD98059 EtOH LY2228820 BIRB 796 202190 SB 203580 Empty
b | Vinorelbine(Navelbine) | VX-702 VX-745 GDC-0879 Empty PLX-4720 RAF265 | SP600125 AZD6482 255'2 40 | GDC-0941 Empty

c | IC-87114 LY294002 PIK-293 PIK-90 PIK-93 TG100-115 TGX-221 | XL147 XL765 ZSTKA474 | AZD8055 Empty

PIK-75 CHIR-

d | Deforolimus(MK-8669) | Everolimus(RAD001) | KU-0063794 Rapamycin(Sirolimus) | Temsirolimus | WYE-354 Empty Hydrochloride | 99021

Indirubin | SB 216763 Empty

e | KU-55933 KU-60019 MK-2206 Empty AT7867 Empty AZD1480 | Empty LY2784544 | Empty | Enzastaurin | Empty
L Lapatinib
f | Empty Empty SB 431542 ABT-869(Linifanib) | AEE788 BIBW2992(Tovok) Dit’(’)sylate JINJ-7706621 | Empty BEZ235 | GSK1059615 | Empty
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CP- Crenolanib (CP- NVP- DCC-

g PI-103 AG-490 690550(Tofacitinib) | 868569) GSK1838705A | KX2-391 BSK805 PCI-32765 PF-562271 2036 LDN193189 Empty
Plate layout:L1200-03
1 2 3 4 5 6 7 8 9 10 11 12
Raf265 NVP- R935788 Mubritinib (TAK i
a | Azpsgs1 aatve BHG71y | 0S1-420 (Fostamatinib) | AZ 960 165) PP242 Cyt387 | Apatinib CAL-101 | Empty
Telatinib BKM120 .
b | PIK-294 VX-765 (BAY 57- R}grazszmb) WP1130 (NVP- CX-4945 Ehgrrggr:Tglr?de TAK-733 | AZD5438 |PP-121 |Empty
9352) BKM120) y
c | osi-027 '5;)2603618 (C-| pkisg7 | ccT128930 | A66 NU7441 | GSK2126458 |WYE-125132 |WYE-687 | A-674563 952'424 Empty
GSK1120212 | Flavopiridol AS- GDC-0980
d | GTp-74057) | hydrochloride | 60ags0 | WAY-600 TG101209 (RG7422) | A769662 TAK-901 AMGO00 |ZM336372 |Empty | Empty
e | PH-797804 PF-04691502 Empty Empty Empty Empty Empty Empty Empty Empty Empty Empty
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13.6 CONCENTRATIONS OF PURIFIED RNA AND TOTAL CONCENTRATION IN 2

Concentration pr. ul (ng/ul).

Kinase inhibitors

0 DOX (ng/ ul)

16 DOX (ng/ ul)

U KI 157.7 74.4
SB 210.7 191.5
PD 92.7 71.4
Ner 24.6 58.1
Ever 73.3 44.8
XI1765 204 160.9
Total concentration of RNA in one sample containing 25 pl (ng).

Kinase inhibitors 0 ng 16 ng
U KI 3942 1860
SB 5267 4787.5
PD 2317.5 1785
Ner 615 1452.5
Ever 1832.5 1120
X1 765 5100 4022.5

13.7 RT-QPCR PROGRAM

Step Temperature (°C) Time (sec) Cycles
Preincubation 95 600 1
3 step amplification 95 20 40
58 20
72 20
Melting 95 10 1
65 60
95 0.1
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13.8 PLACEMENT OF PRIMER AND THE DIFFERENT VARIANT OF THE TARGET
GENES USED FOR RT-QPCR.

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | <<<| <<| < [ > [ > [>>]zoomin| 1.5x [ 3x | 10x | base |zoom out| 1.5x | 3x | 10x | 100x]

chr7:87,126,615-87,142,464 15,850 bp. i enter position, gene symbol, HGVS or search terms l

ehr7 (g21.12) [0 2 TEE 07014 37014 2 i E 33 743"
Scale Skb} | hgt9
J chr7 | 871280000 87,020000] 87,130,000 87,131,000 87132000 87133000 87,134,000 s7,35,0000 &7,136,000] 87,137,000/ @7,138,000] 87,130,000 87,140,000) 7,141,000 7,142,000
UCSC Genes (RefSeq, GenBank, CCDS, Rfam, tANAS & Comparative Genomics)
Leceily | o L
J Your Sequence from FCR Search
[ cteccsdacaaccaan]

Figure 33 ABCBI1 transcript variants and primer position base between 1 and second exons

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move [ <<< | <<[ <[ > [> [»>>]zoomin| 1.5x [ 3x | 10x [ base |zoom out[ 1.5x | 3x [ 10x | 100x |
chr9:6,200,585-6,289,044 88,460 bp. i enter position, gene symbol, HGVS or search terms l

chrd (p24.13 [ Ilpda.1 [EEES 3 92 2 | EEEIREGT 281832 ER

Seale 20 kb b | hgtg
cva: 6205000 6210000| 6215000 6220000 6225000] 6230000 6235000 6240,000) 6245000| 6,250000] 6,255,000 6,260,000] 6265000] 6270,000) 6275,000] 6,280,000] 6,285,000]
UCSC Genes (RefSeq, GenBank, CCDS, fifam, tRNAs & Comparative Genomics)

H

[E—

H 1
L33 e
L33 .
IL33 bt
J Vour Secuence from PCR Search
[22222n2222020n2s]

Figure 34 IL-33 transcript variants and primer position based between exon 1 and exon 3

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move| <<< [ <<[ < [ > [>> [ >>>]zoomin| 15x [ 3x [ 10x [ base | zoom out [ 15x | 3x | 10x | 100x |

chr8:128,752,161-128,753,350 1,190 bp_l enter position, gene symbol, HGVS or search terms ]

chr (q24.21) 022 2 8p12 1 1123 2 2 3 31 Mz2s sl ERER: 2 EEE  ERE
Scale 500 bases | | hgtg
chrg: | 128,752,300/ 128,752,400 126,752,500| 128,752,600 | 128,752,700/ 128,752,800 128,752,300 128,753,000] 128,753,100/ 128,753,200/ 128,753,300
UCSC Genes (RefSeq, GenBank, CCDS, Afam, tANAs & Comparative Genomics)
mvc <Kt {1 | —
T <&t
J Vour Secquence from PCR Search
e

Figure 35 MYC transcript variants and primer position based inside exon 3.
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13.9 DATA FROM KINASE INHIBITOR SCREEN WITH LS174T7D9

Table 5 Data from kinase inhibitor screen with LS174T7D9. Duplicate samples of 0 and 16 ng/ml DOX induced LS174T7D9
and stimulated with 1 uM kinase inhibitors incubated for 72 hours were done. The inhibitory effect in the CDX2 driven
promoter activity of pGL4.10-IL-33-promoter-enhancer construct, fold change between 0 ng/ml and 16 ng/ml DOX (log2)
and target sites for the kinase inhibitors are shown here.

Inhibitor Regulatory effect on CDX2 driven Fold Target
promoter activity change
0 ng/ml DOX 16 ng/ml DOX | (LOG?2)

AV- 1.51 2.72 0.255 VEGFR1/2/3

951(Tivozanib)

Ki8751 1.41 1.42 0.003 VEGFR2

Vatalanib 1.78 211 0.074 VEGFR2/KD
R (kinase
insert
domain
receptor).

AP24534 4.63 4.40 -0.023 Bcr-Abl and
Scr

SU11274(PKI- 1.44 1.27 -0.055 c-Met

SU11274)

Flavopiridol(Al 11.81 4.08 -0.461 CDK1, CDK

vocidib) 2, CDK4,CD
K®,
and CDKO9.

Hesperadin 9.61 3.71 -0.413 Aurora B

BMS-599626 1.31 2.18 0.219 HER1 and H
ER2

Axitinib 1.62 2.80 0.236 VEGFR1, V
EGFR2, VE
GFR3,

KRN 633 1.29 1.30 0.001 VEGFR1/2/3

XL880(GSK136 0.63 1.56 0.392 Met (c-

3089) Met) and KD
R

Tandutinib 1.47 2.05 0.144 FLT3

(MLN518)

NVP-TAEG684 0.32 0.95 0.465 ALK

BS-181 1.50 2.05 0.136 CDK7

hydrochloride

MLN8237 0.59 1.52 0.411 Aurora A

Erlotinib 1.35 0.75 -0.255 EGFR

Hydrochloride

BIBF1120 1.59 2.41 0.180 VEGFR1/2/3,

(Vargatef) FGFR1/2/3 a
nd PDGFRao/
p

Masitinib 2.32 1.16 -0.302 Kit (c-

(AB1010) Kit) and PD
GFRo/p
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PHA- 1.25 1.49 0.076 Aurora

739358(Danuse A/B/C

rtib)

KW 2449 1.55 1.99 0.108 FIt3

SB 525334 (F3) 1.71 1.82 0.028 TGFp
receptor |
(ALKS5)

PD0332991 0.88 1.84 0.321 CDKA4/6

Gefitnib 1.95 2.25 0.062 EGFR

(Iressa)

BMS 794833 2.47 2.00 -0.090 Met (c-
Met)/VEGFR
2

MGCD-265 2.42 2.18 -0.045 c-
Met and VE
GFR1/2/3

AT9283 1.40 1.58 0.052 JAK2/3

Cl- 1.13 0.63 -0.253 EGFR and E

1033(Canertini rbB2

b)

R406 1.37 1.93 0.148 Syk

PHA-793887 3.10 1.24 -0.400 CDK2, CDK
5 and CDK7

PHA-680632 0.64 1.54 0.383 Aurora
A/B/C

Neratinib 1.64 2.44 0.173 HER2 and E
GFR

Motesanib 2.24 2.30 0.012 VEGFR1/2/3

Diphosphate

AZD0530(Sarac 1.71 0.75 -0.354 Src

atinib)

CP-724714 1.34 2.82 0.321 HER2/ErbB2

R406(free base) 1.19 1.09 -0.039 Syk

Roscovitine(CY 2.04 2.03 -0.002 Cdc2, CDK2

C202) and CDK5

SNS-314 1.36 1.16 -0.070 Aurora

Mesylate A/b/C

PD153035 1.53 4.49 0.468 EGFR

Cediranib(AZD 1.01 1.06 0.021 VEGFR

2171) (KDR)

MP-470 1.18 1.70 0.157 c-Kit,
PDGFRalfa
and FIt3

Bosutinib(SKI- 0.80 0.89 0.050 Scr/Abl

606)

BAY 73- 1.53 1.69 0.044 VEGFR1-3,

4506(Regorafen PDGFRbeta,

ib) Kit (c-Kit),
RET (c-RET)
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and Raf-1
X184 1.06 1.86 0.242 VEGFR2
SNS-032(BMS- 9.58 3.25 -0.469 CDK2
387032)
VX-680 0.86 1.92 0.352 Aurora A
AT Pelitinib 0.97 0.87 -0.048 Scr,
MEK/ERK
and ErB2.
OSI1-930 1.29 0.94 -0.139 Kit, (c-Kit),
KDR and
CSF-1R
Dasatinib 0.56 3.66 0.818 Abl, Scr and
c-Kit
JNJ-38877605 1.07 1.23 0.061 c-MET
Bl 2536 1.56 1.49 -0.019 Plk1
AZD7762 0.86 0.31 -0.450 Chk1
ZM-447439 0.57 1.64 0.461 Aurora A/B
A8 Vandetib 0.61 0.68 0.050 VEFGR2
CYC116 0.67 0.85 0.104 Auroroa A/B
inhibitors
Pazopanib 1.63 1.77 0.035 VEGFR 1-3,
Hydrochloride PDGFR,
EGFR, c-Kit
and c-FMS.
Nilotinib 1.50 3.23 0.334 Bcer-Abl
PF-04217903 1.33 1.17 -0.055 c-Met
GSK461364 1.87 1.83 -0.008 PIk1.
Aurora A 0.95 1.72 0.259 Aurora A
Inhibitor |
AS703026 1.00 0.67 -0.173 MEK1/2.
A9 WZ3146 0.78 1.05 0.129 EGFR
Sorafenib 2.97 3.41 0.061 Raf-1, B-Raf
Tosylate
Quercetin 1.64 1.84 0.050 SIRT1
(Sophoretin)
PF-2341066 0.80 1.01 0.100 c-Met, ALK
HMN-214 0.62 1.06 0.234 PLK-1
AZD1152- 0.60 0.94 0.193 Aurora B
HQPA(Baraser
tib)
AZD6244(Selu 1.51 0.26 -0.764 MEK,
metinib) ERK1/2
A10 Wz4002 0.31 0.56 0.256 EGFR
Imatinib(STI57 0.65 1.55 0.376 v-Abl, c-Kit
1) and PDGFR
Sunitinib 0.41 0.51 0.090 VEGFR2
Malate (FIk-1),
PDGFRp
NVP-ADW?742 0.27 0.64 0.382 IGF-1R
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ON-01910 0.43 2.52 0.770 PLK1 and
P13K/akt

CCT129202 0.11 1.07 1.006 Aurora
A/B/C.

AZD8330 0.41 0.25 -0.209 MEK1/2

A1l Wz8040 0.71 1.31 0.265 EGFR

Imatinib 1.07 3.16 0.470 v-Abl, c-

Mesylate Kit and PDG
FR

TSU-68 0.77 1.22 0.197 PDGFR

AC-220 3.01 1.45 -0.318 FLT3

SGX-523 2.47 1.56 -0.198 c-Met

AT7519 7.80 5.61 -0.143 CDK1,2,4,6
and 9

ENMD-2076 0.42 1.10 0.417 Aurora
A, FIt3

B1X 02188 1.32 1.43 0.034 MEKS5.

Bix 02189 1.38 1.94 0.150 MEKS5

Vinorelbine(Nav 2.79 10.19 0.562 Inhibits

elbine) mitosis
through
interaction
with tubulin

IC-87114 1.13 2.94 0.413 PI3Kdelta

Deforolimus(MK 1.39 2.30 0.219 mTOR

-8669)

KU-55933 1.79 1.55 -0.064 ATM (ataxia-
telangiectasia
mutated) .

G1 PI-103 1.10 3.19 0.464 PI3K p110
alfa, beta,
delta and
gamma

BMS 777607 1.16 2.05 0.248 c-Met, Axl,
Ron and
Tyro3

VX-702 1.52 5.69 0.573 P38alfa MAPK

LY294002 1.24 1.52 0.086 PI3K,alfa,gam
me,beta

Everolimus(RAD 0.80 1.70 0.325 FKBP12

001)

KU-60019 0.28 1.47 0.727 ATM (ataxia-
telangiectasia
mutated)

AG-490 0.82 2.00 0.389 EGFR and
JAK2

A3 CI-1040 2.11 1.20 -0.248 MEK

(PD184352)
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VX-745 2.56 2.96 0.062 P38 alfa
PIK-293 1.52 1.18 -0.111 PI3K
KU-0063794 0.74 1.28 0.237 mTOR
MK-2206 0.34 0.29 -0.075 AKT
SB 431542 2.66 1.12 -0.376 ALK
receptors, 5,
4 and 7.
CP- 1.23 1.21 -0.009 JAK3.
690550(Tofaciti
nib)
A4 PD318088 0.91 0.75 -0.084 MEK1/2
GDC-0879 0.62 1.01 0.216 B-Raf
PIK-90 1.04 1.51 0.161 PI3K alfa,
gamma delta
Rapamycin(Sirol 0.87 1.85 0.329 mTOR
imus)
ABT- 1.97 0.90 -0.340 VEGFR/PDGF
869(Linifanib) R
Crenolanib (CP- 0.43 0.84 0.287 PDGFR-alfa
868569)
A5PD0325901 1.09 0.59 -0.265 MEK/ERK
PIK-93 0.83 0.52 -0.200 PI4K (P14KIII-
beta)
Temsirolimus 1.40 0.58 -0.383 mTOR
AT7867 0.27 0.14 -0.298 AKT1-3 and
p70s6k/PKA
AEE788 0.31 0.36 0.075 HER1/2 and
VEGFR1/2
GSK1838705A 0.04 0.30 0.891 IGF-1R
A6 PD98058 0.62 1.22 0.294 MAPK
PLX-4720 1.46 1.74 0.075 B-Raf
TG100-115 2.00 2.31 0.063 PI3K
gamma/delta
WYE-354 0.84 0.90 0.033 mTOR
inhibitor
BIBW2992(Tovo 0.42 0.42 0.003 EGFR and
k) HER2
KX2-391 0.21 0.56 0.439 Scr and
tubulin.
A7 U0126-EtOH 0.74 1.36 0.264 MEK1/2
RAF265 0.99 1.27 0.110 C-Raf/B-
Raf/B-Raf
TGX-221 0.71 2.29 0.510 P110-beta
AZD1480 0.60 1.12 0.273 JAK2
Lapatinib 0.48 0.65 0.126 EGFR and
Ditosylate ErbB2
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NVP-BSK805 0.94 0.71 -0.121 JAK2

A8 1Y2228820 3.57 1.69 -0.324 P38MAPK

SP600125 0.80 1.04 0.114 c-Jun.

XL147 1.16 1.20 0.016 PI3Kalfa, delta
and gamma.

PIK-75 9.75 5.03 -0.288 P110alfa

Hydrochloride

JNJ-7706621 0.80 1.35 0.230 CDK

PCI-32765 0.74 1.29 0.240 Brutons
tyrosine
kinase (Btk)

A9 BIRB 796 2.28 2.50 0.040 P38 MAPK

AZD6482 0.46 4.35 0.973 PI3K

XL765 131 2.16 0.219 mTOR, PI3K

CHIR-99021 0.84 1.65 0.291 GSK-3

LY2784544 0.64 1.33 0.316 JAK2

PF-562271 0.56 1.28 0.358 FAK

A10 SB 202190 1.16 4.72 0.611 P38

AS-605240 1.01 2.00 0.298 PI3K gamma

ZSTK474f 0.65 1.66 0.405 pl10
beta/gamma
and delta

Indirubin 0.44 1.07 0.380 CDK, GSK3

BEZ235 0.48 2.54 0.719 PI3Kalfa/beta
/gamma/delt
aand mTOR

DCC-2036 5.16 6.84 0.122 Bcr-Abl

A11 SB203580 2.44 3.44 0.149 P38 MAPK

GDC-0941 1.04 2.01 0.284 pli0alfa/beta
/delta/gamm
a

AZD8055 1.21 1.66 0.137 mTOR

SB 216763 1.14 1.91 0.224 GSK3

Enzastaurin 0.84 2.39 0.454 PKCbeta, alfa,
gamma and
epsilon.

GSK1059615 0.61 1.33 0.335 PI3Kalfa/beta
/delta/gamm
a and mTOR

LDN193189 1.36 2.27 0.222 ALK2 and
ALK3.

Al AZD8931 0.98 1.44 0.165 EGFR and
ErbB2

PIK-294 1.32 2.18 0.216 P110delta

0SI1-027 2.12 1.78 -0.076 mTORC1/2

GSK1120212 0.53 2.69 0.709 MEK1/2
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(JTP-74057)

PH-797804 0.57 1.75 0.484 p38alfa

A2 Raf265 0.97 3.85 0.599 RAF and

derivative VEGFR

VX-765 0.85 2.12 0.395 Caspase-1

LY2603618 (IC- 1.01 1.44 0.153 Chk1

83)

Flavopiridol 9.30 10.35 0.046 CDK1,2,4

hydrochloride and 6.

PF-04691502 0.81 2.71 0.526 PI3K
(alfa/beta/del
ta/gamma),
mTOR

A3 NVP-BHG712 1.18 1.08 -0.037 EphB4

Telatinib (BAY 0.83 1.93 0.366 VEGFR2,

57-9352) VEGFR3,
PDGFaq, and c-
Kit

PKI-587 9.43 9.76 0.015 PI3K alfa,
gamma and
mTOR

AS-604850 1.51 4.11 0.435 PI3Kgamma

A4 OSI-420 5.10 0.61 -0.922 EGFR

B16727 19.92 3.14 -0.802 Plk1

(Volasertib)

CCT128930 2.55 1.00 -0.408 Akt2

WAY-600 9.04 1.85 -0.689 mTORC1/2

A5 R935788 3.04 1.37 -0.347 Syk

WP1130 2.05 2.69 0.117 Deubiquitinas
e, Ber/Abl

A66 1.97 3.52 0.252 P110alfa

TG101209 1.52 0.51 -0.473 JAK

A6 AZ 960 1.45 0.12 -1.097 JAK2

BKM120 (NVP- 3.70 0.89 -0.619 PI3K

BKM120)

NU7441 1.92 2.92 0.183 DNA-PK
inhibitor

GDC-0980 2.97 1.15 -0.413 PI3Kalfa,

(RG7422) beta, delta
and gamma,
mTOR

A7 Mubritinib 2.86 1.61 -0.251 HER2, ErbB2

CX-4945 2.31 3.35 0.162 CK2

GSK2126458 6.37 5.68 -0.050 PI3K, mTOR

AMPK activator 1.71 1.55 -0.041

A8 PP242 1.80 0.99 -0.260 mTOR
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Phenformin 1.28 271 0.326 AMPK
hydrochloride
WYE-125132 10.95 10.99 0.002 mTORC1/2
TAK-901 0.71 1.78 0.395 Aurora A/B.
A9 Cyt387 0.49 1.11 0.359 JAK1/2
TAK-733 1.89 4.84 0.407 MEK1.
WYE-687 0.77 1.38 0.252 mTOR
AMG900 0.57 2.02 0.547 Aurora A/B/C.
A10 Apatinib 2.03 1.17 -0.241 VEGFR
inhibitor.
AZD5438 7.65 2.84 -0.431 CDK
A-674563 10.86 6.09 -0.251 Aktl
ZM336372 1.45 1.48 0.011 Raf
A11 CAL-101 1.95 1.89 -0.013 P110alfa
PP-121 1.93 0.90 -0.329 PDGFR
AS-252424 2.22 0.85 -0.419 PI3K gamma

13.10 QPCR AMPLIFICATION PLOT AND MELTING CURVE ANANLYSIS ON FIRST
SET OF DATA

Amplification plot containing sample with 16 ng/ml DOX induction, no Kls, and with reverse
transcriptase and ABCBL, 1L-33 and MY C primer sets.

Amplification Plots

\

[
3

Amplification plot containing sample with 16 ng/ml DOX induction, no Kls, and without reverse
transcriptase and ABCBL, IL-33 and MYC primer sets.
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H-0 controls for ABCBL, IL-33 and MYC, containing 16 ng/ml DOX, no cDNA and no reverse
transcriptase.

FiLorescence (Rn)

Melting curve analysis/specificity on sample for the three primer sets on ABCB1, IL-33 and MYC.

Page A16 of A17



Pa
c
@
=3
g
]
=
[

ki E
Terrperaure (°C)

Page A17 of A17



