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2 Abstract

Introduction:

Epithelial cancerous cell lines are used in a wide variety of research because of the unique
possibility to study isolated cellular mechanisms in detail. This can be used for wider
understanding of pathological processes of disease but also physiological traits. When treating
the epithelial cell line HT29 with methotrexate, the remaining population of cancer cells
constitute the HT29-MTX cells, a proposed goblet cell model. In this thesis, we study the
mRNA level in HT29 and HT29-MTX to investigate differences in regulation of gene

expression and thereby how these cell lines differ in cellular network activity.

Material and methods:

The gene expression levels in the HT29 and HT29-MTX cells after four days of cultivation
were measured by microarray. Statistical analysis in Bioconductor gave 6788 differentially
expressed genes. Through data analysis in Metacore, differentially regulated cellular

processes between the cell lines were characterized.

Results:

We show significant upregulation of goblet cell differentiation genes in HT29-MTX when
compared to HT29, but a lack of increase in expression of the main mucus component MUC2.
Also, we find that several processes related to immune function and cancerous traits in cells

are altered.

Conclusion:

This study reveals that differentiation into goblet cells is indeed a possibility in the HT29-
MTX cell, but that important traits such as MUC2 production is more uncertain. Several
additional changes in gene expression are seen compared to the HT29 cell, and this must be

kept in mind when utilizing the HT29-MTX for mechanistic studies.



3 Sammendrag

Introduksjon:

Epiteliale kreftcellelinjer gir en unik mulighet til & studere isolerte cellefunksjoner og
mekanismer. Dette kan brukes til & gke forstaelsen for patologiske sykdomsprosesser, og
brukes blant annet 1 forskning pa inflammatorisk tarmsykdom, kreft og medikamentopptak.
HT29-MTX cellelinjen skapes ved & behandle den epiteliale kreftcellelinjen HT29 med
metotrexat, for sa & dyrke videre de cellene som overlever. Disse cellene er foreslatt som en
modell pa begerceller. I denne oppgaven ser vi pA mRNA nivéet i disse to cellelinjene for &
undersoke forskjeller 1 regulering av genuttrykk, og basert pa dette hvilke cellulere nettverk

som er skrudd pa eller av.

Materiale og metode:

Etter fire dager i kultur ble genuttrykket til HT29 og HT29-MTX celler mélt med microarray.
Statistiske analyser ble gjort i Bioconductor, og dette resulterte 1 6788 differensielt uttrykte
gener. Differensielt regulerte celleprosesser ble sé karakterisert gjennom dataanalyse i

Metacore.

Resultater:

I véart materiale er det en signifikant oppregulering av gener knyttet til begercelle
differensiering i HT29-MTX nér sammenlignet med HT29, men samtidig mangler det en
okning 1 uttrykk av den viktige mucuskomponenten MUC2. Utover dette finner vi gkt uttrykk

av gener 1 flere prosesser knyttet til immunfunksjon og kreftcelletrekk..

Konklusjon:

Studien viser at det er en mulighet for at HT29-MTX cellene er pa vei til & differensiere til en
begercellevariant. Allikevel ser det ut til at viktige begercellefunksjoner, som MUC2
produksjon, ikke er gkt i HT29-MTX sammenliknet med HT29 cellene. Ytterligere ulikheter 1
genuttrykk finnes, og dette ma tas hensyn til ved bruk av HT29-MTX i1 mekanistiske studier.



4 Introduction

In medical research, good ethical principles prohibit scientists from utilising humans in
studies that cause disease, danger and more than negligible unpleasantness. Similar but not
identical ethical guidelines apply in work with in vivo animal models. Because of this,
experimental research very often utilise in vitro cancerous cell lines to investigate

mechanisms of disease and to develop drugs.

Animal models make it possible to perform investigations in complex organ systems that are
similar to those in humans. However, there are many examples that research performed in
animal models is not applicable to humans. Thalidomide had no adverse effect in in animal
models but was devastatingly dangerous in human use. The use of corticosteroids showed a

reversed picture where signs of danger were found in animals but not in humans.

Ex vivo models are what we have today that is closest to in vivo in humans. In these studies,
human tissue of varying complexity is extracted, kept viable and used to study mechanisms of
disease. The clear advantage of these models is the fact that the tissue is human and can be
used in research. The tissue can be very complex or very simple, like single cell models. A
limitation for ex vivo models is that the tissue rarely survives for long outside the human
body, enforcing major restrictions to study design. Research in ex vivo models becomes
strictly time bound, which means that an effect cannot be monitored over time. The time until
complete tissue death is not the only issue. The lack of circulation can also substantially alter

tissue responses to the processes induced during experiments.

Cancerous cell lines are single cell systems that are extracted from tumour biopsies and
cultivated for growth and differentiation. The origin of human cancerous cell lines is human
tumours, and thus primarily normal tissue undergoing malignant transformation. Therefore,
they often resemble differentiated human cells, but have unlimited proliferative potential
when grown in culture. Both advantages and limitations are associated with this property. The
foremost limitation is the fact that cancerous cells are not normal cells, which means that they
do not always respond as such on stimulus. This gives a huge limitation in the potential for
scientific results to conclude on disease mechanisms in humans. Cancerous cells can be
cultured and their growth and differentiation controlled, giving huge opportunities for

performing tightly controlled investigations. Single cell cultures can be kept devoid of



contamination and inflicting factors, and give the possibility to study focused cellular
mechanisms. The survival and perpetual growth of cancer cells permits study designs of
longer time frame. However, it is important to emphasise that cancerous cell lines are not

normal cells, and might react in a different manner than healthy human cells in the same

situation.

Colonic cell cultures maintain several important traits that make them similar to intestinal
epithelium [1]. To increase the similarity to human tissue of more complexity, several
methods of co culturing cancerous cells have been developed. Combining absorptive and

secretive enterocytes could model the mucosa of the intestine in a better way than single cell

cultures [2-4].
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Figure 1. The intestinal mucosal surface at steady state

From “Intestinal antimicrobial peptides during homeostasis, infection and disease” by

Muniz L. R. et al [5], reprinted with permission.

A single layer of epithelial cells line the gastrointestinal mucosa, and mainly four cell types
are present; the absorptive enterocyte, the mucus-producing goblet cells, the Paneth cells and
the enterochromaffin cells. The epithelium is polarized, with an apical side towards the lumen
of the gastrointestinal tract and basal side that is attached to the basal membrane and faces the

lamina propria. This orientation of the epithelium is highly important for its functions in
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secretion, absorption, transepithelial passage of fluid and electrolytes, digestion and also for

the immunological properties of the epithelium [6].

There are many different cell lines used in research today that have been derived from
cancerous gastrointestinal epithelium. Amongst them is the HT29 colon cancer cell line used
as a model of epithelial cells of the intestinal mucosa, and first described in 1975 by Jergen
Fogh [7]. When culturing HT29 cells in absence of glucose, they show signs and functions
related to differentiation, and the changes in the cell can be manipulated to create absorptive
or secretive cells. In the process of differentiation, the HT29 cells form a monolayer, which is
polarized, contains tight junctions between neighbouring cells and has vectorial transportation
of molecules [8]. When the growth conditions change, the cell can differentiate in an
absorptive enterocyte fashion or become similar to goblet cells [9-11]. The HT29 cell line has
been used in investigations of pathophysiological mechanisms of inflammatory bowel disease
(IBD) and colon cancer, as well as in studies of bioavailability when developing drugs that

have to be absorbed by intestinal enterocytes [12-14].

- Normal barrier ' ‘ Impaired barrier I
g )
3
© @ ot Q& :| Bacterial products and
S dietary antigens
I T B+ e,
r= .
N N
o
3
I ] Tight junction
£
g O O O O
\ 4 v
@ + 203
: @ Y
<
a
E @ Macrophages
5 T cells
-
@ Dendritic cells
T cells

Immune activation
Inflammation

Figure 2. Barrier function of intestinal tight junctions
From “Regulation of intestinal epithelial permeability by tight junctions” by T. Suzuki

[15], reprinted with permission.

11



Goblet cell models have been sought for research for several decades. Subgroups of cells with
diverse morphological attributes have been found within the HT29 cell line, among them cells
that are similar to goblet cells because they contain mucus-granules [9]. Treating HT29 cells
with methotrexate induce a selection of cells that are resistant to the cytostatic drug, and these
are the origin of the HT29-MTX cell line. It has been shown that tight junctions are preserved
in this cell line, and that a confluent, adhesive mucus layer is formed on the apical side of the
monolayered cell culture [16]. It has similarities to goblet cells, and it has been suggested that
a co-culture of HT29 and HT29-MTX cells could serve as an in vitro model of the intestinal
mucosa of higher complexity than either of the cells alone, like the co-cultures of HT29 and
Caco-2 cells [4]. Whether the mechanism behind the development of the HT29-MTX cell is
an initiation of differentiation in response to methotrexate, or simply a selection of a subgroup
within the HT29 cell line has been discussed in several articles, and both alternatives are

possible [9, 17].

As previously mentioned, cancer cell lines differ from normal human cells in many aspects.
When a new cell line is developed from an existing cell line, the difference from human cells
may increase further. This study aimed at characterizing the differences between the HT29
and the HT29-MTX cell lines, with the purpose of increased knowledge and critical
interpretation of results when using the HT29-MTX cell line in research. Our hypothesis was
that more than goblet cell traits distinguish HT29-MTX from HT29. In this thesis, we focus

on four topics:

* goblet cell differentiation
* mucus production
* immunological function

* proliferation and cancer development.
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5 Material and methods

5.1 Cell lines

Cells from the human cell lines HT29 (colorectal carcinoma, Cat. No. HTB-38, lot no.
59561256) (ATCC, Manassas, VA, USA) and HT29-MTX (methotrexate treated HT29 cells,
received as a generous gift from Prof. J. P. Pearson, Newcastle University, U.K.) were
cultured at 37°C and 5% CO; in RPMI with 10% fetal bovine serum (FBS), 2mM glutamine
and 0.05% gentamicin. Detachment of cells from culture flasks was performed using
trypsin/EDTA, and after detachment the cells were resuspended in medium and counted in a
Countess Automated Cell Counter (Life technologies, Grand Island, NY, USA). The cells
were cultured in flat bottom 96-well plates, seeded with 20,000 cells per well, three wells per
cell type. After three days, 70% confluence was reached, followed by 24 hours cultivation in
serum-free medium. Supernatant was collected and stored at -20, and cells were lysed for

RNA extraction.

5.2 Microarray

Isolation of RNA from the cells was performed using Ambion mirVana miRNA isolation kit
(Ambion) according to protocol from manufacturer. We used [Bioanalyzer] NanoDropd-1000
Spectrophotometer (Saveen Werner, Malmo, Sweden) to quantify the RNA. Microarray
analysis was done on Illumina Beadstation (Illumina, San Diego, CA, USA) in Illumina

human HT-12 expression Bead Chips, to analyse the gene expression.

5.3 Statistical analysis

Microarray data analysis was done with Bioconductor [18] in the R software environment.
Linear models with least squares regression and empirical Bayes moderated t-statistics was
used to determine the differential expression [19]. To adjust the p-values for multiple
comparisons, Benjamini Hochberg false discovery rate correction was performed [20]. This
resulted in 6788 significantly (p<0.05) differentially expressed genes between the cell lines,
of which 3312 were downregulated and 3476 upregulated in the HT29-MTX cell line.

5.4 Enrichment in Metacore
The microarray data was assessed by enrichment analysis in the Metacore suite (GeneGo Inc:
http://www.genego.com), a pathway analysis tool for functional analysis of omics data. The

Metacore database is curated from high quality, peer reviewed experimental evidence, and
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incorporates topology in the analysis. Differential expression was considered significant if

p<0.05.

6 Results

6.1 Goblet cell differentiation genes

Cellular differentiation is the process where a cell changes some of its traits to become a
different cell type [21]. This often involves transition from a lower to a higher level of
maturation and more specialized cell type. Traits adapted and lost in this process are due to
changes in gene expression. When stem cells in the intestinal mucosa differentiate, various
gene combinations are expressed for the cell to turn into of the four specialized cell types [6].
Differentiation into goblet cells relies on expression of genes that drive the development
towards first, a secretory enterocyte, and second a goblet cell. Final maturation into a

specialized cell is the final step.
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Figure 3. Model of intestinal differentiation
From “Intestinal development and differentiation” by Noah T. K. et al. [6], reprinted with

permission.

Several genes involved in early goblet cell differentiation pathways are upregulated in the

HT29-MTX cell compared to HT29 (Table 1). Stem cells of embryologic origin are the
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source of all the intestinal epithelial cells. Differentiation of cell types from this involves
processes that ensure both regeneration of the stem cell, as well as creation of more
specialized cells through differentiation.

The Wnt/Beta-catenin pathway is essential for maintenance and proliferation of
progenitor and stem cells, while NOTCH signalling drives cells to differentiation. Activity in
both pathways is needed for the possibility of perpetual regeneration of the intestinal
epithelium, and the transcription factor NOX1 activates both Notch signalling and wnt/b-
catenin signalling [22]. NOX1 is downregulated in HT29-MTX, which could be interpreted as
the HT29-MTX cell having fewer stem cell traits. Notchl activates the transcription factor
Hes1, which directs the development of epithelial progenitor cells to an absorptive enterocyte
[22]. Expression of Atonal Homologue 1 (ATOH1) [23, 24], which encodes a basic-helix-
loop-helix transcription factor, regulates differentiation of epithelial progenitor cells to a
secretory rather than absorptive linage. The relative levels of ATOHI and Notch determine
whether the epithelial cells differentiate to a secretory or absorptive type [24]. In the HT29-
MTX cell, Notch is upregulated while its target Hes1 is not, and lastly, ATOH1 is
upregulated, which in concert might drive the differentiation towards the secretory lineage of
epithelial cells.

From the decision of becoming a secretory cell to becoming a goblet cell, several steps
have to be overcome. There are multiple paths of differentiation, either to tuft cells,
enteroendocrine cells or goblet cells and Paneth cells. Atohl facilitates production of the
transcription factor GFil, which is important for development of goblet or Paneth cells [25].
The relative activity of GFil and Neurog3, a different transcription factor involved in
enteroendocrine cells [26], regulates the further development towards a goblet- or Paneth cell
phenotype [27]. In the HT29-MTX cells, GFil is upregulated, while Neurog3 is not regulated
compared to the HT29 cells.

The next step involves expression of STK11 [28], SPDEF[29, 30] and SOX9[31],
which are necessary for further maturation of progenitor goblet or Paneth cells. SPDEF is
upregulated in HT29-MTX, while STK11 and SOX9 are expressed at the same level as in
HT?29. For specialization in the goblet cell lineage as opposed to Paneth cells, KLF4 [32, 33],
FOXAT1 and FOXA2 [34] expression is essential, while Beta-Catenin (CTNNB1) expression,
which is involved in maturation of secretory epithelial cells into Paneth cells, has to be
blocked [35, 36]. In the HT29-MTX cell, KLF4 and FOXA2 are upregulated, while FOXA1
i1s downregulated, and lastly, CTNNBI is downregulated.

Other genes involved in goblet cell differentiation, which are upregulated in the HT29-

15



MTX cell, are Caudal homebox type 2 (CDX2) and Delta-like ligand 1 (DLL1). CDX2 is
involved in differentiation of progenitor cells and regulates homeostasis of the epithelium in
the intestine [37]. Downregulation has been associated with lower differentiation of colorectal
carcinomas with a poor prognosis for the patient. Upregulation of CDX2 during development
of the intestinal mucosa results in increased number of goblet cells and reduced number of
Paneth cells [38]. Its upregulation could point to higher differentiation of cells, and a drive
towards goblet cell phenotype. DLLI is a ligand for Notch and is involved in the pathway
leading to absorptive enterocytes [39], but it has also been suggested to have effects
promoting goblet cell differentiation in NOTCH inactive (more differentiated) cells through

cis-acting elements [40].

Some genes involved in terminal differentiation of goblet cells are decreased in HT29MTX
compared to HT29. These include E-Cadherin (CHD1) and Protein tyrosine kinase 6 (PTK6).
CHDI is involved in cell sorting, and localization of the different epithelial cells in the crypts,
and also in maturation of the goblet cell [41]. PTK®6 is responsible for proliferation and
growth in breast cancer tumours, but in epithelium of the intestines PTK6 activity causes cell
cycle exit and differentiation of epithelial progenitor cells by inactivating Akt [42]. Akt is
involved in processes for growth and proliferation, and while PTK6 is decreased, Akt1 is
increased in the HT29-MTX cell, which could result in a sum of increased cell division and

tumour growth, rather than differentiation into a mature goblet cell.

In conclusion, many steps in the development from a stem cell to a goblet cell are dependent
on relative levels of two or more genes. In total, we find that several genes involved in
differentiation into a secretory epithelial lineage and goblet cells are upregulated in HT29-
MTX and genes that would shift the maturation towards other epithelial cell types, are
downregulated. Still, genes involved in final differentiation into a goblet cell are

downregulated, and the cells proliferative potential is continued.
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Table 1 Goblet cell differentiation genes

Protein Gene Foldchange | p-value Sign
Atonal Homolog 1 ATOHI +0.66 1.86x%e-08 *
Growth Factor independent 1 GFil +0.41 1.24xe-08 ¥
Neurogenin 3 Neurog3 +0.01 0.86 n.s
SRY-Box 9 SOX9 -0.04 0.87 n.s
Kruppel-like factor 4 KLF4 +0.88 5.09%e-07 *
Serine/Threonine Kinase 11 STK11 +0.09 0.11 n.s
SAM Pointed Domain Containing ETS SPDEF +0.66 0.0001 *
Catenin Beta 1 CTNNBI -0.27 0.037 ¥
Notchl NOTCHI +0.75 2.89%e-06 *
NADPH Oxidase 1 NOX1 -0.73 1.88%e-08 ¥
Caudal type Homeobox 2 CDX2 +0.40 0.00026 *
Delta like 1 DLLI +0.30 0.00017 ¥
Forkhead box 2 FOXA2 +1.53 1.2xe-10 *
E-Cadherin CDH1 -1.31 5.62%e-16 ¥
Forkhead box 1 FOXA1 -0.49 0.008 *
Protein Tyrosin Kinase 6 PKT6 -0.40 6.46%e-07 ¥
V-Akt Murine Thymoma Viral AKT1 +0.49 3.97xe-06 *
Atonal Homolog 1 ATOH1 +0.66 1.86%e-08 *

Table 1. Goblet cell differentiation genes. * = Differential expression of
statistic significance (p<0.05). n.s = non significant.

6.2 Mucus production

Genes involved in differentiation are of interest when characterizing the cells as goblet cells
progenitors (table 2). After concluding that the cell expresses genes involved in the
development of goblet cells, the next crucial question is whether the cells produce mucus,
which is the core phenotypic trait of the goblet cell [43]. The main components of mucus are
the glycoprotein mucins, of which 19 types have been characterized in humans. The mucins
are divided into two groups; the gel forming mucins and the transmembrane mucins. The
function of mucins in the intestine is diverse, from lubrication for passage of luminal contents,
to cellular signalling and chemical barrier formation [44, 45]. Retaining the water contained
in mucus is also essential. The transmembrane mucins make the inner layer of mucus in the
colon adherent to the epithelium, while the gel forming mucins form the non-adherent layer.
MUC?2 is the core element in organizing the two layers [46]. Co-transportation of water with
ions from cells is necessary for water content in mucus, and activity in the ion channels that
regulates this cotransportation and thus the balance of water in the mucus is critical for the

correct function of mucus.
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The most important mucin in the intestine, the gel forming MUC2 [43, 46], is not
differentially expressed in HT29-MTX compared to HT29 in our material. However, two
molecules involved in its function are regulated in HT29-MTX. Anterior gradient homolog 2
(Agr2), which is important for the correct folding of the MUC2 molecule and can be found in
the mucus [47], is upregulated in HT29-MTX. Fc-gamma binding protein (Fcgbp) is also
upregulated, and is produced by goblet cells in the intestine and responsible for creating
covalent bonds within the MUC2 molecule [48].

The transmembrane mucin MUCI is upregulated in HT29-MTX. It has been shown to
be important in upholding the balance between growth and apoptosis of the epithelial layer,
and a critical element for the mucosal barrier to infection [46]. Also, MUCI has been shown
to have anti-inflammatory effects, through downregulation of NF-kB activity [49]. This is
further describes later.

The rest of the mucins are either not differentially regulated in HT29-MTX, or
downregulated. Several other mucus components that are important for the function of mucus
are regulated in the HT29-MTX cell, amongst them Intestinal trefoil peptide 3 (TFF3) and
Resistin-like molecule beta (RELM ). TFF3 is involved in protecting the epithelium from
injury and promoting repair through restitution [50]. It makes the epithelium more mobile to
enable it to migrate across nude areas of mucosa without cell division. RELM f is secreted
into the mucus, and is important for the susceptibility to inflammation, and can be either
proinflammatory or protective, depending on the stimuli. It has been shown to increase

MUC?2 expression in goblet cells [51-54].

In conclusion, the MUC-genes are not particularly affected in HT29-MTX. If any change is
seen, the protective effects of the mucus, including anti-inflammatory effects and epithelium
regeneration mediated by MUCI, might be enhanced. However, even if the important mucus
component MUC?2 is not affected, several regulatory elements that stimulate MUC2 functions

are upregulated.
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Table 2 Genes related to mucus production
Protein Gene Foldchange | p-value Sign.
Mucin 2 MUC2 -0.07 0.025 *
Anterior gradient 2 Agr2 +0.40 0.0001 *
FC-gamma binding protein FCGBP +2.89 5.14x%e-15 *
Mucin 1 MUCI1 +1.88 2.85x%e-15 R
Mucin 4 MUC4 -0.007 0.89 n.s
Mucin 5B MUCS5B +0.001 0.97 n.s
Mucin 6 MUC6 +0.04 0.05 n.s
Mucin 7 MUC7 +0.007 0.84 n.s
Mucin 12 MUCI12 -0.28 3.16xe-18 *
Mucin 13 MUCI13 -0.68 0.0003 &
Mucin 15 MUCI15 -0.03 0.23 n.s
Mucin 16 MUC16 -0.07 0.007 &
Mucin 17 MUC17 -0.13 0.05 n.s
Mucin 20 MUC20 -0.72 1,79E-10 &
Trefoil factor 3 TFF3 +2.22 2.90%e-03 *
Resistin-like beta RELMB +0.34 5.91%e-09 R
Cystic fibrosis Transmembrane Conductance Regulator | CFTR -0.38 0.0097 *
Tweety family member 3 TTYH3 +0.41 0.0006 *
Table 2. Genes related to mucus production. * = Differential expression of

statistic significance (p<0.05). n.s = non significant.

6.3 The immune system

The intestinal epithelium plays a vital role in the immunity of the gut through its functions in
the innate immune system [55, 56], and epithelial cancerous cell lines are used to investigate
inflammatory response mediated by the epithelium in colorectal cancer and inflammatory
bowel disease [13, 55, 57-60]. It is therefore important that epithelial cell lines are
comparable with respect to immune responses if results from research performed in different
cell lines are to be compared. There are a vast number of molecules involved in inflammatory
responses, and this part focuses on pathways and molecules where the expression is different

in HT29-MTX compared to HT29.

A previously mentioned molecule, MUC1, has immunological functions that protect the
cancerous cells from eradication by immune cells. MUCI suppresses T-cell activity, and thus
alters the ability of immune cells to detect and eliminate the cancer cell [61]. Also, MUC1
modulates transcription of IL6 and TNFa and other NF-kB regulated genes [62], and has been
shown to downregulate NF-«xB activity [49]. Increased MUCI could thus influence the

production of mediators of inflammation.
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6.3.1 Interferon pathway

Regulation of antiviral, antiproliferative and immunomodulative mechanisms in cells involves
the interferon pathway [63] (table 3A, Fig 4). There are two types of traditional interferons,
type I and type II, with several members of the type I group and only one member of the type
IT group (IFN-y). Binding of interferon type I to its receptors on cells activate the Jak/STAT
signalling pathway, which leads to formation of a transcription factor called Interferon
stimulated gene factor 3 (ISGF3). This binds to the I[FN-stimulated responsive elements in the
DNA of the cell, which in turn leads to transcription of genes involved in antiviral,
antiproliferative or immunomodulative mechanisms [64, 65]. For type II interferon, pathways
leading to binding of IFN-y-activated site (GAS) elements in the promotor regions in IFN-
stimulated genes are essential. In the HT29-MTX cell, the responsive elements and
regulatory factors in the interferon pathways are downregulated, which could reduce the
effect of interferon on the cells.

Interferon stimulated gene factor 3 (ISGF3) is a complex of interferon regulatory
factor 9 (IRF9), Signal transducer and activator of transcription 1 and 2 (STAT1 and STAT?2).
ISGF3 mediate actions of interferon in the cell through regulation of transcription [64, 65].
All components of this complex are downregulated in the HT29-MTX cell line. One of the
targets for ISGF3 is Interferon-induced GTP-binding protein (MxA), which binds and blocks
viral replication [66, 67]. In the HT29-MTX cell MxA is downregulated. The group 2°-5’-
Oligoadenylate synthetase, induced by ISGF3 [68], is involved in degradation of RNA in the
cell, and all the components are downregulated [69]. Several other targets for ISGF3 are also
downregulated (Tryptophan t-RNA synthetase, cytoplasmic (WARS), Interferon induced
dsRNA activated protein kinase (PKR), DsRNA-specific adenosine deaminase (ADARI1))
[70], which could give a diminished interferon effect in the cell. Interferon regulatory factor 7
(IRF7), which is under transcriptional control of NF-kB and is involved in the activation of
IFN type I stimulated genes, is dramatically downregulated [71, 72].

Interferon regulatory factor 3 (IRF3), which is involved in interferon alpha and beta
transcription and thus production of the cytokines in the cell, is downregulated. Two
molecules that stimulate IRF3 function are also regulated; CREB binding protein (CBP) is
downregulated while Histone acetyl transferace p300 (p300) is upregulated [73] in the HT29-
MTX cell. Interestingly, the interferon pathways also affect the major histocompatibility
complexes I and II. Ligand binding to the interferon receptors activate STAT1, which in turn
regulates transcription of MHC class II transactivator protein, which co-regulates

transcription of MHC I and II.
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The altered interferon responsiveness in the HT29-MTX cells means that the response to viral

infections and included in this the response to TLRS5, TLR7, TLR8 and TLRS, and to

interferons might be different from the HT29 cells. It also suggests that the antiproliferative

effect mediated by this pathway might be reduced.

Table 3 Genes related to immune response

Protein Gene Foldchange. | p-value Sign.
A
Interferon regulatory factor 9 IRF9 -2.42 2.15%e-16 R
Signal Transducer And Activator Of Trans.1 STATI -1.75 8.23xe-08 *
Signal Transducer And Activator Of Trans.2 STAT2 -0.24 0.01 R
Interferon -induced GTP -binding protein Mx1 MX1 -4.12 4.71%e-11 *
2'-5'-Oligoadenylate Synthetase 1, 40/46kDa OASI1 -1.76 1.30xe-07 R
2'-5'-Oligoadenylate Synthetase 2, 69/71kDa OAS2 -2.45 3.65%e-07 *
2'-5'-Oligoadenylate Synthetase 3, 100kDa OAS3 -1.89 1.83%e-07 R
Tryptophanyl-TRNA Synthetase WARS -0.83 0.003 *
Interferon indu. dsRNA activated prot. kinase EIF2AK2 -0.79 0.0002 2
DsRNA-specific adenosine deaminase ADARI -0.56 0.0003 *
Interferon regulatory factor 3 IRF3 -0.63 4.3xe-07 R
CREB binding protein CBP -0.25 9.3xe-05 *
Histone acetyl transferace p300 p300 +0.16 0.03 R
Interferon regulatory factor 7 IRF7 -2.28 5.8xe-12 *
Interleukin 12 IL12 +0.21 0.0001 *
B
Cyclin D1 CCND1 -0.56 8.06xe-06 R
p27 CDKNIB +0.20 0.0028 *
C
Major Histocompatibility Complex, Class I, B HLA-B -0.61 0.043 *
Transp 1, ATP-Binding Cassette, Sub-Fam B TAP1 -1.45 0.018 &
Transp 2, ATP-Binding Cassette, Sub-Fam B TAP2 -1.14 5.23xe-06 *
TAP binding protein Tapasin -0.59 0.049 2
Beta-2 microglobulin B2M -0.76 4.59%e-05 *
Calreticulin CALR -0.35 2.4xe-05 R
Protein Disulfide Isomerase Family A, Member | PDIA3 -0.05 0.03 *
Major Histocomp Complex, Class II, DM Alpha | HLA-DMA -0.25 0.0076 2
Major Histocomp Complex, Class II, DM Beta HLA-DMB -0.24 3.7xe-05 *
Major Histocomp Complex, Class II, DR Alpha | HLA-DRA -0.42 2.3%e-11 2
Major Histocomp Complex, Class II, DR Beta3 | HLA-DRB3 -0.12 0.016 *
MHC II, gamma chain CD74 -0.78 7.34%e-06 R
Cathepsin L CTSL -0.42 3.82%e-06 *
Legumain LGMN -0.14 0.0074 R
Master reg. factor of transcrip. of MHC class II | CIITA +0.04 0.14 n.s
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Table 3.

statistic significance (p<0.05). n.s = non significant.

Genes related to immune response. * = Differential expression of




uoneol|dal [eliA %00|qg suisjold XA

aulisoul ‘

AR Ldvayvy WYXIN
au|souspy v @ v V-V1H |ssepp ||| ssep
M & A m

& S

1

L

e 9se}ayjuAs

m.m,qo
pepuES-2Ign ajejAuspeobi|o-,G-2 @ @

11 Ssejo OHN Aq
uojejuasald uabnuy .

1 ssepp OHIN Aq
uopejuasaid usbpuy

uonejuasaid usbnuy

N Vm&ﬁ“
SN

Kemyjed Buijeubis
oy1vads- L NVOIL
80Npul yY71L pue ey1L

uonoajul [elip @ Kmm_

uonodByUI [BJIA
WVNY 0} 8suodsal
aunwiwi ajeuu]

AF.c.vﬁm_?mmmom__o..m-_m

R4 LSedi®

OaNl |
2219:9_‘“2&?-2 @v -
0 4 :

a)ejAuapeohi|o v§-g2

SON!
s

auuIbiy-

o

o 1) oL " ZVT

% AN ueydoydAn-() ' v N

SISayjuAsolq ! < . > ! ' mm.mtié‘
urgyoud [esip ) T
Y =
T9SeNY v VNY ‘ e q - = 4 e o%:o !
@' © \ r/(> . auuRINUAY-JAWIo)-N A—

ueydojdis VNN _a

eydie-N4| \QA .vﬁson-z“_
25 X

.@assﬁa mc__mcm_mmm._h mEEmm-z“__
pue @Y7L ‘Y7L ‘YL

Figure 4. The Regulation of expression in HT-29MTX: Interferon Pathway.

Bars marked 1 shows where the expression th HT29-MTX is downregulated, and 2 where it

is upregulated. TR= transcription regulation, cRT= co-reguation of transcription, B

binding, Z

catalysis.
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6.3.2 Toll-like receptor 3
Toll-like receptors are as stated affected by the alterations in interferon pathways, and they
have been shown to be of importance for cancer development, both in antitumour and
tumourogenic processes [74-93]. None of the TLRs known in humans are differentially
expressed in HT29 TX compared to HT29, but all are expressed. Whether at a level
comparable to normal cells is uncertain.

TLR3 is expressed on many types of tumor cells, for example in colon cancer cells.
Even if TLR3 is not regulated in HT29 MTX, processes involving TLR3 are affected.
Normally, activation of TLR3 decreases cyclin D1, increases p27, which reduces
proliferation, and in total the effect is inhibiting tumor survival [94, 95]. Cyclin D1 (CCND1)
i1s downregulated in HT29MTX and p27 (CDKN1B) is increased, while TLR3 is at the same
level in HT29-MTX as in HT29 (table 3B). This points to increased TLR3 activity in the
HT29-MTX cell cultures with the result of antitumour activity. Also, TLR3 has been shown
to activate immune cells in the microenvironment, which leads to activity against the tumor

[94, 96], and this would be relevant if the TLR3 activity is indeed increased.

6.3.3 Major Histocompatibility complex

An important mechanism for cells to be recognized by immune cells, either as normal or
irregular, is by binding antigens to the surface molecule Major Histocompatibility complex
(MHC) I or II. If a cell does not have MHC on its surface or if the MHC molecules bind
antigens that are unfamiliar, immune cells will attack and destroy the cell. This mechanism is
highly important for protection from cancer, infected cells or altered cells that can be a hazard
to the human body. Antigens presented on MHC class I is detected by CD8+ T cells, while
MHC class II bound antigens are detected by CD4+ T cells. It has been shown that if the
presence of CD8+ cells is high in a tumour, the patient has a higher probability of survival
[97].

MHC class I, HLA-B, is downregulated in HT29-MTX (table 3C). Proteins involved
in antigen transportation and processing before binding to MHC I, are downregulated as well
[98, 99]. Beta-2 microglobulin, calreticulin and PDIA3 are involved in folding and
conformation of the MHC class I molecule before it can bind the antigen peptides, and these
are also downregulated [98, 100]. Downregulation of PDIA3 is actually associated with

chemoresistance in colon tumors [101]. Thus, the HT29-MTX might be less capable of
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activating CD8+ T-cells and the immune response towards the cell, which is a way of evading
the immune system.

A similar picture is seen for MHC class II (Table 3C). Several of the MHC class II
molecules are downregulated in HT29-MTX. Also, associated molecules to MHC class II are
regulated in the HT29-MTX cell. The gamma chain of MHC II (CD74), which is crucial for a
functional molecule, is downregulated [102]. CD74 is implicated in cancer progression
through its function as a binding site for macrophage migration inhibitory factor (MIF) [103,
104]. MIF increases cell survival and proliferation [105]. As CD74 is downregulated in
HT29-MTX, this function could be decreased. Cathepsin L (CTSL), which is involved in
lysosomal degradation of peptides and the preparation of antigens to be bound by MHC [106],
is downregulated, and Legumain (LGMN), which hydrolyses peptides, is also downregulated
[107].

Master regulator factor of transcription of MHC class II, CIITA, which positively
regulates the expression of MHC class 11, is not differentially regulated, and is found at the
same level in HT29 and HT29-MTX cell cultures. This is somewhat in accordance rather than
conflicting with the downregulation of MHC class II molecules, though it seems impossible
that it is the single causative. However, other factors are involved, such as the reduced
interferon responsiveness explained in the previous section. Interferon is a stimulus that can
alter the epithelial cells from their normal state of no expression of MHC class II into
production of the molecule, and this can occur in response to a infection, trauma or
inflammation [108].

We conclude that the HT29-MTX cell might, through the downregulation of MHC
class I, MHC class II and associated molecules to both molecules, evade the CD4+ and CD8+
T-cells. Both ways of portraying the irregularity of the cell to the adaptive immune system
seem less functional, which could mean that the HT29-MTX cell can evade immune cells to a

more efficiently than the HT29 cell.

Thus, the HT29-MTX has several traits that that results in an altered immune response
compared to the HT29 cell, and which increases the proliferative potential of the cell. These
are direct inhibition of immune cells, altered mechanisms for immune cells to detect the

cancer cell, regulation of NF-kB and altered response to cytokines.
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6.4 Cancer

As HT29-MTX is derived from a colorectal cancer cell line (HT29), it is not surprising that it
has several traits characteristic for cancer cells. However, insights into whether the process of
designing the HT29-MTX cell line has altered the cancer genotype is interesting, as it might
provide information relevant to the question of whether the methotrexate treatment induces a
cellular change, or if the mechanism for HT29-MTX development is selection of already
existing cells in the heterogenic HT29-cell line. Also, increased cancer traits would make the

cell less appropriate as a model system in which to do research.

6.4.1 MUCI1 and cancer

MUCI is important for cancer development for several reasons. First, it has been shown to
supress T-cells, and through this it alters the immunosurveillance to cancer cells, which
increases the survival of the cells [61]. Second, upregulation of MUC1 decreases E-cadherin
expression, and through this it inhibits cell-cell and cell-matrix adhesions. Reduced adhesion
of cells is associated to progression of a tumour [109]. Also, it has been shown that
downregulation of E-cadherin is an important mechanism for resistance to metothrexate in
HT29-MTX [110]. E-Cadherin is downregulated in our HT29-MTX, while MUCI is
upregulated, as previously mentioned (table 4A). Furthermore, MUCI interacts with selectin
and ICAM-1 in heterogenic adhesions, and this has been linked to intravascular cancer
metastasis [111, 112]. Neither selectins nor [CAM-1 is differentially expressed between HT29
and HT29-MTX.

Lastly, MUCI has been shown to increase and activate MAPK, the latter through a
MUCI1/EGFR action. Activation of MAPK negatively regulates tight junctions possibly
affecting the ability of cancer cells to migrate from the primary tumour [113]. MUCI1 could
therefore be involved in metastasis of cancer, and this could be an increased trait in HT29-
MTX.

In essence, MUCI is involved in cancer development through the inhibition of
immune cells, which mediates cell survival, and through increased mobility of the cancer cells
by reduced adhesions to neighbouring cells and extracellular matrix. It could mean that the

HT29-MTX has an increased metastatic potential when compared to HT29 cell cultures.
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Table 4 Genes related to cancer evolvement

Protein Gene Foldchange | p-value Sign.
A
Mucin 1 MUCI1 +1.88 2.85%e-15 R
E-Cadherin CDH1 -1.31 5.62%e-16 *
Intercellular Adhesion Molecule 1 I-CAM1 -0.22 0.23 n.s
Selectin E SELE -0.016 0.69 n.s
Selectin P SELP -0.015 0.66 n.s
B
Cyclin B1 CCNBI1 +0.25 0.011 R
Forkhead Box M1 FOXM1 +0.35 4.59x%e-05 *
Transcription Factor AP-2 Alpha TFAP2A +0.22 0.0008 R
M-phase inducer phosphatase B CDC25B +1-27 5.23%e-08 *
M-phase inducer phosphatase C CDC25C +0.22 0.0011 R
Cyclin H CCNH -0.33 6.61xe-07 *
CDK7&CDK-activation kinase assem. factor MNAT1 | MNAT1 +0.12 0.00073 R
Membr. ass. tyr. threo. spec. CDC2 inhib. kinase MYTI -0.26 6.12xe-06 *
V-Akt Murine Thymoma Viral Oncogene Homolog 1 Aktl +0.49 3.97%e-06 *
Ribosomal Protein S6 Kinase, 90kDa, Polypeptide 1 RPS6KA1 +0.22 0.00026 *
Weel-like protein kinase Weel +0.18 0.0034 R
Polo-Like Kinase 1 PLK1 -0.11 0.04 *
Ubiquitin B UBB -0.19 0.01 R
Ubiquitin C UBC -0.1 0.04 *
Kinesin-like protein KIF11 KNSL1 +0.29 0.002 R
Histone 1 HI1FO +0.22 0.01 *
Histone 1 HIST1HI1C -0.18 0.01 R
Histone 3 H3F3B +0.3 6.68%e-05 *
C
Carcinoembryonic antig. cellul. adhesion mol. 1 CEACAM -3.18 3.86xe-16 *
Carcinoembryonic antig. cellul. adhesion mol. 6 CEACAM +3.48 1.20xe-20 *
Carcinoembryonic antig. cellul. adhesion mol. 5 CEACAM +0.07 0.07 n.s
Table 4. Genes related to immune response. * = Differential expression of

statistic significance (p<0.05). n.s = non significant.

6.4.2 Cell cycle regulation

Proliferation of cancer cells involves increased mitosis rate. The cell cycle includes several

phases; Interphase consists of Gap1, Synthesis phase and Gap2, and this is where the growth

and DNA synthesis occurs. Mitosis phase is where the cell nuclear division is completed, and

is directly followed by the cytokinesis, where the cell divides. Activation of the processes

than result in cell division are stimulated by growth factors and cytokines in the environment

in or around the cell. Regulation of the cell cycle progression is important because if

irregularities are allowed to happen, this can give aberrant cells that may threaten the life of

the organism.
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Transition from Gap2 to M-phase (Fig 5) is driven by formation of the Cyclin-
dependent kinase 1 (CDK1) / Cyclin B1 complex, which activates enzymes that catalyse the
processes in the cascade of cell division [114]. The regulation of this complex is quite
intricate, with inhibitory and activating factors. In the HT29-MTX cell, Cyclin B1 is
upregulated, and also, the transcription factors FOXM1 and AP-2alpha, which controls the
Cyclin B1 amount in the cell, are upregulated [115, 116] (table 4B). M-phase inducer
phosphatase 2 (CDC25B) and 3 (CDC25C) activate the binding of CDK1 (previously called
CDC2) to Cyclin B1, forming the CDK1/Cyclin B1 complex [117], and both are upregulated
in HT29-MTX.

The Cyclin-activating kinase complex (CAK) also promotes assembly of CDK1 and Cyclin
B1, and consists of Cyclin H (CCNH), CDK7 and CDK-activation kinase assembly factor
MNATI [114]. In the HT29-MTX, CCNH is downregulated, while MNATT is upregulated.

Membrane associated tyrosine and threonine specific CDC2 inhibitory kinase (MYT1)
inhibits CDK1 function [114]. This molecule is in turn regulated by the inhibitory molecules
Akt(PKB) and p90RSK1 [118, 119], which are upregulated in the HT29-MTX cell, and this
may result in a reduction of MYT]1 activity and thus less inhibition of CDKI.

Weel-like protein kinase (Weel) is an inhibitor of CDK1 [114], and this is actually
also upregulated in HT29-MTX, contributing to the complex picture of cell cycle control.
Molecules that inhibit Weel, PLK1 and Ubiquitin (UBB, UBC), are both downregulated in
HT29-MTX, increasing the probability of inhibitory function of Weel in CDKI1 activity.
However, CDKI1 itself is an inhibitor of Weel. Serin/threonine protein kinase (PLK1) has
complex functions, activating Cyclin B1 directly, but also activating Cyclin B1 promoting
factors like CDC25C and APC, while at the same time inhibiting the CDK 1 inhibitor MYT1
[120]. PLK1 is downregulated in HT29-MTX.

The regulation of CDK1/Cyclin B1 is complex and it is highly regulated in the HT29-
MTX cells (table 4B). In sum, the activating factors are mostly upregulated and the inhibitory

factors inhibited, leading to an increased promoting surge on the CDK1/Cyclin B1 complex.
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Figure 5. Regulation of cell cycle: Transition from Gap 2 to M-Phase

Bars marked 1 shows where the expression in HT29-MTX is downregulated, and 2 where it
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Prophase is the first step of mitosis. It involves condensation of the chromatin, the two
identical chromosomes after DNA synthesis remain connected, and the spindle apparatus
consisting of microtubuli and centrosomes is assembled for the separation of identical
chromosomes in anaphase. The spindle is organised by the centrosome, and there are two
centrosomes on separate sides of the cell, polarizing the cell. CDK1/Cyclin B1 initiate activity
in several molecules involved in this process; Nucleolin, Kinesin-like protein KIF11 (KNSL1)
and Histone 1and Histone 3. Nucleolin regulates the condensation of chromatin during
mitosis [121]. Histone H3 (H3F3B) and Histone H1 (H1F0 and HIST1H1C) regulate the
chromosome condensation in prophase [122], and in the HT29-MTX cells H3F3B is
upregulated along with H1FO0, while HISTIHIC is downregulated. KNSL1, which associated
with the centrosome and spindle apparatus, is essential for the formation of a spindle within
the cell [123], and is upregulated in HT29-MTX.

Throughout M-phase, CDK1/Cyclin B1 are important for several steps. This complex
initiate activity in Lamin B, which drives the depolarisation of the nuclear membrane [124], a
hallmark of prometaphase. It inactivates myosin regulatory light polypeptide 9 (MYRL?2),
which allows for separation of chromosomes during anaphase [125]. Also, Anaphase
Promoting Complex (APC) is activated by CDK1/Cyclin B1, and this complex is essential for

the degradation of enzymes, which allows transition to anaphase [126].

Several molecules either activate or inhibit the complex CDK1/Cyclin B1 function, and
several processes involved in driving the cell through the M-phase are upregulated in the
HT29-MTX cell (table 4B). This is in turn could be important for the proliferative potential of
the cell.

6.4.3 Carcinoembryonic antigen cellular adhesion molecule (CEACAM)
CEACAMs are a group of molecules that are well characterized, and several of them are
highly sensitive and specific biomarkers of colon cancer development. Especially CEACAMS
(CEA) [127]. CEACAM1 [128] and CEACAMG6 [129] can be found in epithelium of the
gastrointestinal tract.

Expression of CEACAMS6 has been shown to correlate with reduced degree of
differentiation in tumours, and is increased in early adenomas compared to healthy colon

tissue [129, 130]. CEACAMGO6 has traits that increase tumour invasiveness and metastasis
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potential, as well as inhibit differentiation and anoikis [130-132]. CEACAMG6 downregulates
E-Cadherin [131], an adhesion molecule shown to suppress invasion and metastasis of
tumours [ 133], often suppressed in cancer [134]. E-Cadherin inhibits activation of the Wnt
pathway, which leads to transcription through binding to B-cathenin. Loss of E-cadherin
increases the activity in this oncogenic pathway [135-137]. In the HT29-MTX cell,
CEACAMBG is upregulated (table 4C), E-cadherin is downregulated, which would increase the
Wnt-pathway, but however, 3-cathenin is downregulated as well.

CEACAMI in cancer is more complicated, as it has been shown to act tumour
suppressive and to be downregulated in early stages of tumour development [138-141], but to
promote growth, invasiveness and metastasis in later stages where it is overexpressed [142,
143]. CECAMI1 overexpression is correlated to more aggressive cancer. In the HT29-MTX
cell, CEACAMI1 is upregulated (table 4C), which could indicate that the HT29-MTX cell is a
more aggressive cancerous cell type, in a later stage of tumour development.

CEACAMS, expressed at the same level in both cell lines, is the most sensitive and
specific marker of colorectal cancer [144], and when bound to CEACAMI acts as an inhibitor
of NK-cell attack [145, 146]. It has properties to inhibit anoikis and apoptosis as well [147].
To conclude, the CEACAMs 1 and 6 are upregulated in HT29 MTX, which could result in a
more invasive and aggressive tumour type. Levels of the sensitive and specific marker of

colorectal cancer CEACAMS cannot differentiate between the two cell lines (table 4C).
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7 Discussion

This study aimed at characterizing differences between the HT29 cell and its derivate, the
HT29-MTX cell, with the hypothesis that more traits than those included in goblet functions
are distinctive. Indeed, through our microarray data analysis in the Metacore platform, we
found many differentially regulated pathways. In the biological areas we chose to study
(goblet cell differentiation, mucus production, immunology and cancer development), there
were several interesting findings.

The first issue is whether the HT29-MTX is suitable to be used as a goblet cell model. We
found several essential goblet cell differentiation genes to be upregulated, combined with
downregulation of genes associated with differentiation into other epithelial cells like
absorptive or Paneth cells. The genes involved in final differentiation, however, were not
differentially regulated and thus transition into a mature goblet cell has not occurred in our
experimental setup. As the HT29-MTX is a cancerous cell line with self-renewal potential and
the ability of tumourogenicity in nude mice [148], this is not surprising, as final maturation
would prevent the survival of the in vitro model.

One of the major final differentiation genes which is downregulated is E-cadherin, and this
has been associate with resistance to methotrexate and increased metastasis potential in cancer
cells [110, 149, 150]. Also, in the epithelial cell line of origin, HT29, final differentiation into
enterocytes with microvilli, polarization and tight junctions necessitates growth for weeks
under specific conditions such as glucose-deprived media or sodium butyrate [11, 151]. Our
cells were cultivated for three days in medium with FBS followed by 24 hours of cultivation
in serum-free medium, and it is very unlikely for final differentiation to occur within this time
under the given conditions.

Mucus production is an essential trait of goblet cells, distinguishing it from other enterocytes.
We found an upregulation of the MUC1 gene; the membrane bound mucin, which has several
immunogenic traits. Surprisingly, we find no particular change in expression of the core
mucus component MUC2 in the HT29-MTX cell. An explanation could lie in the time of
culture. Goutyer et al. studied the expression of mucin genes from four to 21 days in culture,
and found expression of MUC1, MUC3, MUC4 and MUCS5AC at day four, expression of
MUC2 and MUCS5B at day five and expression of MUCI11 at day seven. All the mucin genes
reached maximum expression levels at the point of induction of cell differentiation [152].
Lesuffleur et al. found that cultures of HT29-MTX cells form mucus droplet after confluency,

but that the expression of MUC1 begins earlier and is detectable in preconfluent cells [153]. It
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has been described that at late confluence, a mucus layer forms on the apical side of the cells,
where the main component is MUC2 [148]. Our cells were cultivated for four days, which
could explain why MUC2 was found to not be differentially expressed in our data.

Because epithelial model systems are used in research on immune mechanisms on the
gut, it is interesting to study how immunological function of the epithelial cancerous cell lines
are and how they differ. This is highly relevant if HT29-MTX is to be used in co-cultures with
cells differentiated into an enterocytic phenotype. Previous studies by Lesuffleur et al. and
others have concluded that HT29 cells treated with methotrexate differentiate in culture and
form homogenous monolayers of polarized cells with apical brush borders containing
intestinal hydrolases, which secrete mucins of gastric immunoreactivity [148, 154]. These
traits resemble the differentiation of human foetal colon epithelium [155]. It has been stated
that HT29-MTX can be a relevant model for studying mucin biosynthesis in vitro [153], and it
has largely been used to this exact cause. However, it has also been used in co-cultures as a
goblet cell model to investigate digestion, cellular transportation, intestinal permeability and
absorption of drugs [2-4]. If the next avenue of use for the HT29-MTX cell is in co-cultures to
study immunological mechanisms, a wider understanding of the cell is paramount.

Recently, the goblet cell is emerging as a possible major immune cell of the intestinal
mucosa [156]. Goblet cells have for a long time been known to be essential for the
mechanical, chemical an immunological barrier of the mucosa through the production of
mucus which covers the epithelium. During the last couple of years it has however become
evident that the immunological mechanisms are much more intricate. Mucus secretion is
partly controlled extrinsic to the goblet cell. Firstly, secretion of mucus has been linked to the
active inflammasome, where a deficiency in inflammasome activity results in defective
MUC?2 and mucus secretion from goblet cells [157]. Second, during exposure to possible
dangers to the mucosa, great exocytosis from the goblet cells is initiated as a response, and
this is triggered by autophagy protein Atg5 [158]. The goblet cell has also been designated
sensory functions, as it has been shown to internalize through endocytosis luminal material
for display to the lamina propria dendritic cells [159]. In this way, the goblet cells may play a
vastly more complex role in the innate immune system than previously expected. In this
context, it is more relevant than ever to have a goblet cell model in which to study
immunologic and inflammatory mechanisms of this cell. Our study reveals that the HT29-
MTX cell has several traits of importance to the immune system that are altered compared to
the HT29 cell, which could be of importance if the cell line is to be introduced as a model in

which to study goblet cell immunological functions. There are alterations in core pathways
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important for the innate immune system (interferon) and for the adaptive immune system
(MHC class I and II). Because alterations in these pathways have the potential of being
substantial due to the effect on a wide variety of connected pathways, it will be of great
importance to investigate how the expression patterns and successive protein function in the

HT29-MTX correspond to a primary culture of goblet cells.

Resistance to anticancer drugs is a well-studied field as it is highly important clinically
in treatment of patients with cancer. The HT29-MTX cell is proven to be methotrexate
resistant through its ability to survive in culture under influence of this anticancer drug. In
addition to this, we show that there is an upregulation of mitosis and thus a positive effect on
proliferation in the HT29-MTX cell, which is an important mechanism for development of
resistance to anticancer drugs [160]. Specific mechanisms behind the HT29-MTX resistance
to Methotrexate have been investigated, and downregulation of E-Cadherin in concert with
upregulation of Enolase-2 and Caveolin is suggested as important [110].

Resistance to methotrexate in it self may prove the HT29-MTX cell is a more successful
cancer cell than the HT29 cell, but several other traits typical of cancer distinguish the cell
line. Escaping the immune system is important for a cancerous tumour to survive and grow
[161]. In our material, important elements for discovering to destroy abnormal cells, namely
MHC class I and II, are downregulated. Also, MUCT has a T-cell inhibitory effect which
would serve to the same purpose. Increased ability to exist separate from neighbouring cells
and migrate from a tissue, in short the possibility to metastasize, is also increased in the
HT29-MTX cell. Furthermore, downregulation of tight junction molecules and upregulation
of molecules give migratory traits. Combined, the HT29-MTX cell is in the naive state a cell
with more advanced cancer cell traits than the HT29 cell. However, the HT29-MTX retains its
ability to differentiate when grown in culture, which might result in downregulation of
proliferative potential and the migratory abilities.

It is important to emphasise that microarray analysis only gives information on the gene
expression status of the cells at a specific time of culture. We can know what is expressed, but
come no closer to knowing why and to what effect. Posttranscriptional and translator
regulation will affect the protein levels in the cell. We still believe a thorough study of the
expression pattern on a global gene expression level presents an excellent vantage point for

further mechanistic studies on a protein level.
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8 Conclusion

The present study demonstrates that HT29-MTX differs from the HT29 cell in several
aspects of gene expression beside goblet cell-associated expression patterns. This is becoming
more important to take into account, as the goblet cell is emerging as possibly an important
immune cell of the mucosa and mechanistic studies need to be conducted. One of the venues
of cell biology where there is differential expression between the HT29-MTX and the HT29
cell is indeed the immune system. Also, more pronounced cancerous traits could affect how
close the cancer cell line will come to a normal cell, even if differentiation can be controlled
in culture. However, drawing specific conclusion in regard to HT29-MTX features would
require additional mechanistic studies on the protein level, and comparison to a primary

goblet cell culture.
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