


UNIVERSITY OF STAVANGER

MASTER THESIS

Metabolic and
Epithelial-To-Mesenchymal Transition
Assessment of Colon Cancer Cell Lines

by
Cecilie Lindseth

A thesis submitted in partial fulfillment for the
degree of Master of Science in Biological Chemistry

in the
Department of Mathematics and Natural Sciences

Faculty of Science and Technology

Faculty Supervisor: Hanne R. Hagland
Co-supervisor: Martin Watson

June 2018





“Science is not meant to cure us of mystery, but to reinvent & reinvigorate it.”

Robert Sapolsky



Abstract

Background: Cancer have varying dependency on oxidative phosphorylation and
glycolysis, and cancer metastasis decreases the patient 5-year survival rate. Epithe-
lial to mesenchymal transition (EMT) are demonstrated to increase the chances of
metastasis. The purpose of this study was to characterize colon cancer cell lines
and colorectal cancer patient samples by qPCR. To assess how the cells were af-
fected in different glucose conditions and evaluate the development of cancer using
a multimarker panel.

Methods: Cell culture assay were used to check how glucose (high (4.5 g/L) and
physiological (1.0 g/L)) affected the cell viability, proliferation and invasiveness. A
multimarker panel consisting of metabolic and EMT markers were used to analyze
cell cultures that had been cultured in different glucose concentrations, and patient
samples from FFPE tissue blocks by qPCR. The multimarker panel was selected
based on previous literature and analysis on cell lines. Multiplex PCR was done
to analyze the patients DNA samples by checking if any EMAST and MSI markers
could be considered unstable.

Results: Wound healing test showed that SW948 changed morphology and formed
multilayers after applied tests, while SW1116 slowly began to heal by forming a
monolayer. GLUT1 and LDHA yielded significantly upregulation of relative gene
expression, while MCT4 yielded significantly downregulation of relative expression.
Some of the EMT markers (N-cadherin, ZEB1, TWIST1, and Vimentin) only are ex-
pressed in the mesenchymal-like CCD-18Co cell, while E-cadherin are only expressed
in the epithelial cells (SW1116 and SW948).

Conclusions: Glucose condition were found to affect the cells relative gene expres-
sion. GLUT1, LDHA, and MCT4 yielded significantly relative expression, and could
be used as biomarkers for understanding the cell’s metabolic profile. E-cadherin, N-
cadherin, ZEB1, TWIST1 and Vimentin could be used as biomarkers to identify the
cells phenotype, epithelial or mesenchymal.
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Chapter 1

Introduction

1.1 Cancer

Cancer is a collective term for diseases that exhibit uncontrolled growth. Common
cancer are lung, breast, blood, skin and colon [1]. With more than 8 million cancer
deaths each year (2012), it is considered a global health concern, with colorectal
cancer (CRC) as one of the most predominant cancer types worldwide [2].

The word cancer comes from the Greek word karcinos, meaning “crab”, and is a
process of uncontrolled cell mutations that produce a tumor which in turn produce
new colonies of cancer cells at adjacent tissues and metastasize [3]. Earlier cancer
was thought to be a single illness, but now it is considered to be several diseases
with multiple causes and therefore, available treatments are generally drastic, poorly
selective and in many situation not curative. In the seventeenth century, a milestone
in cancer research treatment arose, when Wilhelm Fabricius provided adequate de-
scriptions of operations for several cancer types [4]. The ability to diagnose cancer
at an early stage, allows for more effective treatments and increases the survival
rate.

1.1.1 Colorectal Cancer

Colorectal cancer in Norway has approximately 4000 new cases and 1500 deaths
per year [5]. Mortality records for CRC are substantially lower than the number of
incidents per year, in less developed regions the mortality rate of CRC is however
significantly higher [2].

1



Chapter 1. Introduction 2

Colorectal cancer risk factors are similar to general cancer risk factors like health,
environment and lifestyle. Lifestyle factors such as obesity, heavy alcohol consump-
tion and smoking increase the chance of CRC to develop. Additionally, genetic
risk factors such as chromosomal instability (CIN), microsatellite instability (MSI)
and inherited syndromes like Lynch syndrome and familial adenomatous polyposis
(FAP) also impacts the development of the disease [6, 7].

Detection and diagnosis at an early stage increases the overall survival rate due to
improved treatments, however, approximately half of the patients with CRC will
experience metastasis, either at time of diagnosis or as a recurrent disease. Nearly
90 % of all cancer deaths are caused by development of metastasis. Patients with
cancer metastasis are not suited for normal treatments, and thus have a poorer 5-
year survival rate [8]. The most common metastatic sites for colorectal cancer are
liver and lungs, but carcinomas from CRC can metastasize to almost any organ in
the body [9].

1.1.2 Pathogenesis in Colorectal Cancer

Most of colorectal cases occur sporadically (approximately 75%). Sporadic CRC
usually develops by CIN, but can also be developed by MSI or CpG Island Methy-
lator phenotype (CIMP). Other known mutations increases the risk of CRC, like
mutations in APC, KRAS and p53 (Figure 1.1) and different pathways like Wnt
signaling and PI3K/AKT [10].

Figure 1.1: Development of colorectal cancer from a normal cell to cancer metastasis.
Black downwards arrow represent mutation causing error in growth and repair mechanism
of cells, thus inducing metastasis.

1.1.2.1 Chromosomal Instability (CIN)

The chromosomal instability pathway is the first distinct pathway in genomic insta-
bility that is recognized in colorectal cancer. Genomic changes occur at a chromoso-
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mal level, and may include insertions, inversions, deletions and rearrangements with
the activation of KRAS and the inactivation of different tumor suppressor genes
(such as APC, p53 and loss of heterozygosity (LOH)) [10, 11].

1.1.2.2 Microsatellite instability and Elevated Microsatellite Alterations
at Selected Tetranucleotide Repeats

The microsatellite instability is the second genomic instability phenotype determined
for colorectal cancer. DNA sequences composed of mono-, di-, tri-, or tetranucleotide
repeats are named microsatellites, but are often referred to as short tandem repeats
(STRs). Mismatch repair (MMR) deficiency in sporadic CRC is mainly due to
epigenetic silencing of the MMR genes by CpG methylation [11, 12].

DNA polymerase are enzymes that build DNA and proofread for errors during DNA
replication. Human DNA mismatch repair (MMR) system functions to repair single
nucleotide miss-pairs and slippage mistakes at the sequences [13]. If a few errors are
not detected by DNA polymerase, MMR system tries to repair the DNA. Deficiency
in MMR system will leave nucleotide sequences longer or shorter, called MSI and
EMAST [10].

The MMR system are comprised of several proteins that interact to repair the
DNA (Mut S homologue (MSH2, MSH3, MSH6), Mut L homologue (MLH1 and
MLH3) and post-meiotic segregation (PMS1 PMS2)). MSH2 forms heterodimer
with MSH6 (MutSα) and with MSH3 (MutSβ), these complexes have different abil-
ities to bind to DNA mismatches, MutSα recognizes single base-pair mismatches
and single insertion-deletion loops (LDLs), and MutSβ have increased ability to
bind to larger LDLs [14, 15].

A panel of five mono- or tetranucleotide microsatellites are used to characterize tu-
mors. The panel consisting of mononucleotides are shown to be quasimonomorphic
in normal DNA, and are selective for MSI mutations [16], while the panel consist-
ing of tetranucleotide microsatellites are shown to be highly polymorphic in their
DNA, and are selective for EMAST mutations. Bethesda Guidelines are used for
identification of MSI mutations (no marker unstable, microsatelite stable (MMS,
one marker unstable, MSI-L (low frequency), more than one marker unstable MSI-
H (high-frequency)) [16, 17]. EMAST guidelines are similar, EMAST- (negative) if
one or no markers are unstable, and EMAST+ (positive) if more than one marker are
unstable. EMAST causes frameshift mutations from tetranucleotides, and believed
to be a result of MSH3 dysfunction, with its MutSβ complex [13, 14].
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1.1.2.3 CpG Island Methylator Phenotype (CIMP)

Cytosine-phosphate-Guanine (CpG) Island Methylator Phenotype, are the third and
last genetic instability phenotype recognized in CRC. Epigenetics of CIMP are re-
lated to modification of nucleic acid and chromatin components other than muta-
tions, and have potential to alter gene expression by silencing [11]. Nucleotides with
high frequency of CpG sites, called CpG islands, and are often located in the pro-
moter area of human genes [11]. In healthy cells CpG sites often are methylated,
while they are unmethylated in cancer, however, they may become hypermethy-
lated, causing inappropriate silencing of gene expression. The process is thought
to deregulate expression of important genes, causing cancer development [18]. The
classic panel for CIMP positive tumors can be divided into two types, CIMP-high
(BRAF mutations and MLH1 methylation) and CIMP-low (KRAS mutations and
MSS) [12].

1.1.2.4 Wnt signaling pathway

The Wnt signaling pathway is one of the key regulators in crucial aspects of cell fate
determination, migration, polarity, neural patterning and organogenesis during the
development of embryos [19]. Wnt pathway are associated with cancer development,
due to mutations that promote constitute activation of Wnt signaling [20]. The
pathway are commonly divided into canonical (Wnt/β-catenin) and independent
or non-canonical signaling (Planar Cell Polarity pathway and Wnt/Ca2+ pathway)
[19, 21].

A mutation of the Wnt pathway increase signal activity, and mutations can be in-
herited or acquired. In colorectal cancer the most commonly mutated gene is the
Adenomatous polyposis coli (APC). The gene is classified as a tumor suppressor
gene that produces APC protein, which controls β-catenin concentrations and in-
teracts with E-cadherin [21]. An inherited inactivating mutation in APC gene causes
Familial adenomatous polyposis (FAP), and increases the risk of colorectal cancer.
APC mutation leads to accumulation of β-catenin and β-catenin mutations that
prevent degradation, both leads to excessive cell proliferation that favor tumor cell
over normal epithelial cells [22]. Wnt/β-catenin relies on the transcriptional co-
factor β-catenin a protein found interacting with cytoplasmic tails of cadherins in
the cell membrane.
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1.1.2.5 TP53 Mutation and Loss of Heterozygosity (LOH)

A common mutated gene is TP53 which is involved in control of cell cycle and apop-
tosis. p53 protein induces cell cycle arrest and DNA repair prior to DNA replication,
and if necessary induces cell death [10]. The mutation is believed to occur in the
transition from adenoma to cancer, and are found to undergo missense mutations in
tumors. In these mutation a single nucleotide are substituted by another type [23].

Loss of heterozygosity are loss of one of the two alleles of a gene, and remaining allele
are often mutated. LOH in chromosome 18q21 are frequently observed in advanced
CRC. The deleted in colorectal carcinoma (DCC) gene are located on the long arm
of chromosome 18, and encodes a transmembrane protein, which is a conditional
tumor suppressor gene. DCC contributes to normal processes of apoptosis, and
when mutated an abnormal cell survival is a common result [10].

1.1.2.6 PI3K/AKT/mTOR Pathway and PTEN

Phosphoinositide 3-kinases (PI3K)/AKT/mammalian target of rapamycin (mTOR)
is an intracellular EGFR (epidermal growth factor receptor) mediating signal path-
way important for cell cycle. PI3K activates AKT through phosphorylation; once
AKT (protein kinase B) is activated it phosphorylates and activates mTOR and
many other proteins [10]. In various cancer this pathway is overactive, therefore al-
lowing proliferation of cancer cells and reducing apoptosis. Phosphatase and tensin
homolog (PTEN) gene regulates the PI3K/AKT signaling pathway by inhibition of
AKT via hyperactivation of PI3K signaling. PTEN gene is activated in cancer, and
therefore negatively regulates the signaling pathway [10].

1.1.2.7 Reactive Oxygen Species (ROS)

Reactive oxygen species (ROS) is a byproduct of mitochondrial oxidative phospho-
rylation. An excel in nutrient uptake without converting to aerobic glycolysis, could
lead to increased ROS formation [24]. ROS are short lived unstable molecules, which
cause cellular damage by reacting rapid and spontaneous with other molecules. Re-
active oxygen species damages DNA, and activate signaling pathways which may
lead to cancer progression [25].
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1.1.3 Cancer Metabolism

Gene and protein expression of cancer cells may be highly diverse, even though
they have some commonalities. In 2000, Hanahan and Weinberg published a paper
called “Hallmarks of Cancer”, which include six biological traits that character-
ize the development and progression of malignant tumors [26]. These traits are
sustaining proliferative signaling, evading growth suppressors, resisting apoptosis,
enabling replicative immortality, inducing angiogenesis, and activating invasion and
metastasis [26]. Hanahan and Weinberg later published a follow-up article with
two additional hallmarks (deregulating cellular energetics and avoiding immune de-
struction) and two characteristics of neoplasia (Genome instability and mutation
and tumor-promoting inflammation) [27]. One of these traits, metabolic reprogram-
ming (deregulating cellular energetics), support that cancer cells have changed its
metabolism to sustain a rapid uncontrolled cell growth, is important for a wider
understanding of all the other traits published.

Healthy cells have their primary energy production through mitochondrial oxida-
tive phosphorylation (OXPHOS) during aerobic conditions, producing 36 adeno-
sine triphosphate (ATP) molecules per glucose molecule. While tumor cells mostly
rely on glycolysis for energy production even under aerobic conditions, glycolysis is
less efficient in terms of ATP production (producing 2 ATP molecule per glucose),
termed the Warburg effect [28]. Warburg thought that the increased glycolysis was
caused by defective mitochondrial machinery [29]. This have in more recent publica-
tions been disproven, and research have shown important links between cancer cell
metabolism involving the mitochondria and its tumor growth abilities [30, 31]. The
Warburg effect is considered as a result of mutations in oncogenes and tumor sup-
pressor genes that are responsible for malignant transformation, and not the cause.
These changes in metabolism are a fundamental cause of cancer and are known as
the Warburg hypothesis.

Mitochondrial dysfunctions are identified in various human diseases, including di-
abetes mellitus, cardiomyopathy, kidney failure and cancer. Mutations or changes
to the mitochondria can cause tumorigenesis, suppressed mitochondrial respiration
by stimulated glycolysis, and thereby facilitate tumor progression [32, 33]. Facil-
itating tumor progression may be done by at least three different means. First,
solid tumor cells seems to build up hypoxic microenvironment, and therefore the
cells will have reduced oxygen requirements, second, reactive oxygen species as a
byproduct of OXPHOS, a shift to glycolysis may reduce the formation of ROS, and
third, the glycolytic phenotype increases lactate formation, and acidifying the tumor
environment [32].
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1.1.4 Epithelial to Mesenchymal Transitions in Cancer

Elizabeth Hay researched how cells assemble into functional tissue to shape the em-
bryo, which in 1967 lead to realization of the importance of EMT in the embryonic
development [34]. Epithelial to mesenchymal transition (EMT) was first recognized
and described as a distinct process in 1982 by Greenberg and Hay [35]. EMT is
a process where epithelial cells lose their cell polarity and the adherens junctions,
thereby gaining migratory and invasive properties as mesenchymal cells. Mesenchy-
mal to epithelial transition (MET) describe the reverse process of EMT, and it occurs
at different stages of morphogenesis. The junctions keep the epithelial cells tightly
bound to neighbor cells, and when connection is lost, cells can invade and migrate
through the extracellular matrix (ECM) [36]. Cells experience profound changes in
their cytoskeleton architecture, needed for migratory properties. The transition is
important for various processes, such as germ formation and neural tube (precursor
to the central nerve system) formation, wound healing, but also plays an important
role in initiation of cancer metastasis [37].

Three distinct biological types of EMT were proposed at Cold Spring Harbor Lab-
oratories in 2008, classified depending on the phenotype output [38]. Type 1 EMT
generates various cell types that share common mesenchymal phenotypes and gen-
erate organs, as well as affecting implantation and embryo formation. Type 2 EMT
is part of a repair-associated event to generate fibroblast to reconstruct tissues,
and therefore associated with wound healing, tissue regeneration and organ fibrosis.
Type 3 EMT involves progression of primary cancer cells to metastatic cells, leading
to cancer progression [38, 39].

The EMT process represses E-cadherin, a cell adhesion molecule and induces mes-
enchymal markers like vimentin and N-cadherin to acquire a mesenchymal phenotype
with mobility. During CRCs later stages, cancer acquire cancer cells to be more ag-
gressive, invasive and metastatic, which is why EMT are proposed as an important
step [12]. Transforming growth factor-β (TGF-β) turn out to be responsible for in-
ducing EMT, but also the Wnt/β-catenin signaling pathway and loss of E-cadherin
are considered as major effectors of epithelial to mesenchymal transition [12].

1.1.5 Cancer and Metformin

Metformin is an insulin-sensitizer oral antidiabetic drug used for treatment of type
2 diabetes (T2D). A possible connection between diabetes and cancer were made in
1934 by Marble [40]. During the last two decades, different studies have shown that
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patients with T2D have higher incidences of tumor development, are less sensitive to
chemotherapy and have a higher mortality risk compared with a healthy person [41–
44]. Metformin treatment studies within epidemiology show a significant decrease
compared with diabetics treated with insulin or sulfonylureas, for both incidences
of tumors and mortality rate. Metformin is demonstrated to have positive effect
on tumors, both in vitro and in vivo, by repressing proliferation of cancer cells and
inducing apoptosis [44, 45].

1.2 Biomarkers in Colorectal Cancer

The National Cancer Institute (NCI) defines biomarker as: “a biological molecule
found in blood, other body fluids, or tissues that is a sign of a normal or abnormal
process, or of a condition or disease. A biomarker may be used to see how well
the body responds to a treatment for a disease or condition. Also called molecular
marker and signature molecule” [46]. Biomarkers can be used to help diagnose
cancer at an early stage, determine how aggressive the disease is, and identify which
drug will respond to the patients [47]. They can also offer quantitative ways to
determine if individuals are predisposed to a particular cancer type, making them a
popular area of cancer research.

1.2.1 Metabolic Biomarkers

GLUT, also known as Solute carrier family 2 facilitated glucose transporter member
1 (SLC2A1), is a protein that is embedded in the outer membrane of a cell. It
transports glucose molecules into the cells from the blood, and starts the process
of converting it to energy. Several studies have demonstrated over-expression of
GLUT1 in various carcinomas [48–51]. It therefore appear as cancer cells alter
GLUT1 expression levels in correlation to increased hypoxic stress [51].

Cancerous cells produce their energy through a high rate glycolysis according to
Warburg’s effect, which would lead to a build up of lactic acid. Lactic acid is an
important metabolite in the body, and must rapidly be transported out of the cells
after production [28, 52]. Monocarboxylate transporter 4 (MCT4), also known as
solute carrier family 16 member 3 (SLC16A3), catalyzes the transport of excess
lactate out of the cell membrane.
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Figure 1.2: Metabolic pathway, including metabolic biomarkers. Membrane transporter
proteins (MCT4, GLUT1 and OCT1), carries molecules in and out of the cell, lactate dehy-
drogenase (LDHA and LDHB), breaks down pyruvate to lactate, tricarboxylic acid (TCA)
cycle is the location where SUCLA2 convert succinyl-CoA to succinate, and placement of
ETC in the mitochondrial membrane.

Lactate dehydrogenase (LDH) is an enzyme that catalyzes the interconversion of
pyruvate and lactate with concomitant interconversion of NADH and NAD+ [53].
Various combinations of LDHA and LDHB make up different forms of the enzyme,
which is important for chemical reactions to produce energy through the body.
Pyruvate is the end product of glycolysis, and during absence of oxygen is converted
to lactate, with high lactate concentrations the enzyme exhibit feedback inhibition
so the rate of conversion is decreased [53].

During the tricarboxylic acid (TCA) cycle, Succinyl-CoA ligase (SUCL) converts
succinyl-CoA to succinate, while forming ATP or GTP [54]. Succinate-CoA ligase
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ADP-forming beta subunit (SUCLA2) makes up a beta subunit of SUCL. Mutations
are associated with mitochondrial dysfunctions, like genetic defects and ontogenetic
signaling [54].

An organic cation transport (OCT) protein mediates transport of organic cations,
such as the oral insulin-sensitizing drug, metformin [55, 56]. OCT1 belongs to the
solute carrier family 22 member 1 (SLC22A1). Previously published articles shows
that OCTs could be associated with developmental mechanisms for tumors and could
indicate cancer advancement [55].

Figure 1.3: Electron transport chain (ETC). Different complexes are presented alongside
the uncoupling protein 2 (UCP2) transporter, which reduces the membrane potential and
ATP formation via ATP synthase.

Uncoupling proteins (UCP) are encoded by UCP2 gene, and located in mitochondrial
inner membrane as a regulated proton channel or transporter, probably alongside
ATP synthase proton channel. Uncoupling proteins reduce the mitochondrial mem-
brane potential by allowing flow of protons into the inner mitochondrial membrane,
thus reducing membrane potential and ATP formation due to formation of energy
as heat [57]. It has been suggested that UCP2 is involved in pathogenesis of dia-
betes, obesity and cancer. Elevated UCP levels are shown to be present in various
aggressive human cancer, increases chemoresistance and serves as a tumor promoter
during early tumorigenesis [57, 58].

1.2.2 Survivin as a Biomarker

Survivin, also known as Baculoviral IAP repeat containing 5 (BIRC5) is a member of
the inhibitor of apoptosis (IAP) family. Survivin inhibits caspase activation, thereby
preventing apoptosis or programmed cell death, but it is also highly expressed during
mitosis of the cell cycle [59]. Gene expression is high in transformed cell lines and
most human tumors [60].
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1.2.3 Epithelial to mesenchymal biomarkers

BIRC5 is a target gene of Wnt pathway and upregulated by β-catenin (CTNNB1).
β-catenin acts as an intracellular signal transducer in Wnt signaling pathway. It
is a subunit of cadherin protein complex and has a dual role in EMT by linking
cadherins to cytoskeleton and being a transcriptional activator with T cell factor
[61]. Mutations in this gene give rise to many caner types, including colorectal
carcinoma [62]. Gene expression associated with EMT are controlled by the β-
catenin/TCF/LEF complex [61].

Cadherins, or calcium-dependent adhesion are a type of cell adhesion molecule
(CAM) or surface marker, and is important for the adherens junctions that bind
cells together. Different members of the cadherin family are found on different lo-
cations, CDH1, are found in epithelial tissues (E-cadherin) and CDH2, are found in
neurons (N-cadherin). During cancer progression cadherin switches between expres-
sion of E- and N-cadherin, varying the cells from epithelial to mesenchymal types
[63]. Loss of E-cadherin functions promotes EMT [61].

Figure 1.4: Epithelial to mesenchymal transition (EMT). Includes a few EMT markers
used in this study (CDH1/2, SNAI1/2, ZEB1, TWIST1, VIM and CTNNB1).

Zink finger proteins, SNAI1 (often referred to as SNAIL) and SNAI2 (often called
SLUG) are members of the Snail family. Both of them are transcriptional repressors
that are important mediators of EMT and are involved in tumor progression [64].
Both SNAIL and SLUG recruit proteins to the E2 boxes of target genes to form a
transcriptional repression complex that suppresses the transcription of SNAIL target
genes [65]. SNAILs main action mode is inducing EMT by suppression of E-cadherin
transcription, responsible for cell adhesion and migratory properties. Repression
via silencing RNA results in decreased tumor metastasis, immunosuppression, and
increased T-cell response in tumors due to suppression of SNAIL [66]. SLUG have
similar activities, including E-cadherin transcriptional repression and anti-apoptotic
activities, and it plays a crucial role in organogenesis and neutralization [66].
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Zinc finger E-box binding homeobox 1 (ZEB1) is a zinc finger transcription factor,
responsible for DNA binding. ZEB1 can induce EMT in carcinoma cells and thereby
promote tumor invasion and metastasis. This is done by binding to the E-box located
in the encoding E-cadherin promoter, leading to repression of CDH1 transcription
[67].

TWIST1 gene encodes a basic helix loop helix (bHLH) transcription factor, which
forms hetero- and homodimers that bind to DNA E-box sequences and regulate
transcription of genes involved in cranial structure closure. In various types of
cancers this gene is hypermethylated and overexpressed, and the encoded protein
promotes tumor cell invasion and metastasis by suppressing expression of E-cadherin
and inducing EMT [68].

Figure 1.5: AXL (tyro-
sine kinase membrane recep-
tor). Overexpression of AXL
gene, coupled with Gas6, can
induce EMT

VIM gene encodes type III intermediate filament
protein called vimentin. The protein are responsi-
ble for maintaining cell shape and integrity of the
cytoplasm and stabilizing cytoskeleton interactions.
The cytoskeleton interactions are made by inter-
mediate filament, microtubules and actin microfila-
ments. Vimentin is overexpressed during EMT, and
increases tumor growth and invasion, linking VIM to
a metastatic phenotype with poor prognosis [69].

The protein encoded by AXL receptor tyrosine ki-
nase is a member of the Tyro-Axl-Mer (TAM) recep-
tor tyrosine kinase (RTK) subfamily. AXL binds to
growth arrest-specific 6 (Gas6), and transduce sig-
nals from the extracellular matrix to the cytoplasm,
presented in Figure 1.5 [70]. AXL are involved in sev-
eral cellular processes critical for cell growth, devel-
opment, migration and invasion caused by EMT. The
genes relevance to cancer, makes the cancer more ag-
gressive, and correlates to poorer outcome, due to
metastasis [71].

The metabolic elements described and presented in Figure 1.2 and Figure 1.3 could
be used to predict response to metabolism-targeting drugs, and determine the
metabolic profile of cancer cells. The epithelial-mesenchymal transition elements
described and presented in Figure 1.4 and Figure 1.5 could characterize what type
of transition the cancer cell are in, and if a patient have a higher risk of cancer
metastasis.
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1.3 Aim and Objectives

The overall aim of this project was to assess if metabolic phenotype in colon cancer
cell lines correlated to their ability for epithelial to mesenchymal transition. The
objectives of this project was to:

• study whether different glucose growth conditions (high (4.5 g/L) and physi-
ological (1.0 g/L)) affect metabolic phenotype and EMT,

• check whether glucose growth conditions affect the cell lines invasiveness,

• multiplex PCR for identifying EMAST and/or MSI mutations in normal versus
tumor tissue samples,

• gene expression with comparison between high and physiological glucose con-
ditions for cell lines with metabolic and EMT markers,

• gene expression with metabolic and EMT markers to check for differences
between normal and tumor patient samples, and

• investigate potential differences or associations between the glucose growth
conditions.
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Materials and Methods

2.1 Materials

2.1.1 Cell Culture

Three different cell cultures are used in this study, SW1116, SW948, and CCD-18Co.
The European Collection of Authenticated Cell Cultures (ECACC) catalog numbers
and the American Type Culture Collection (ATCC) number are listed in Table 2.1.

Table 2.1: Information about cell lines. ECACC and ATCC number for cell lines, as
well as their primary sources and morphology.

Cell Line ECACC # ATCC # Primary Source Morphology
SW1116 87071006 CCL-233 A grade II adenocarcinoma

of the colon of a 73 year old
Caucasian male

Epithelial

SW948 91030714 CCL-237 A grade III adenocarcinoma
of the colon of an 81 year
old Caucasian female

Epithelial

CCD-18Co 90070503 CRL-1459 A biopsy colon tissue of a
black female infant

Fibroblast

Of the two colorectal cancer cell lines researched in this study, SW948 have shown
to have a highly glycolytic profile, while SW1116 have a more OXPHOS dependent
profile. These profiles are established through previously unpublished work from
research group at CORE, with group leader and thesis supervisor Hanne R. Hagland.

The different cell lines have been grown in nutrient rich and growth factor supple-
mented medium of high (4.5 g/L) and physiological (1.0 g/L) glucose levels. Normal

14
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glucose levels in blood ranges from 4-11 mM, and 1.0 g/L are approximately 5.6 mM,
thereby physiological condition. The high glucose medium contains 4.5 g/L glucose
and are approximately 22.2 mM, which is within the range (11.2-25 mM) of normal
culture conditions for cancer metabolism studies. The high glucose levels gives the
cells hyperglycemic growth conditions, similar to diabetes mellitus conditions. The
two different environments for cells were used to assess the effect of glucose related
to growth, and their genetic expression with qPCR.

In this experiment, cells were kept in recommended medium (Dulbecco’s Modified
Eagle Medium (DMEM)) that contained 2mM L-glutamine, and no sodium bicar-
bonate, 10% fetal bovine serum (FBS) and 5% antibiotics (penicillin/streptomycin).
Cells were constantly incubated at 37◦C with 5% CO2 in a humidified incubator
(SANYO CO2 incubator (MCO-18AIC), SANYO Electric Co., Japan). The differ-
ent cell lines were cultured to 70% confluence before passaging for continued growth
or culture assays.

2.1.2 Patient samples

Approximately 200 patients diagnosed with colorectal cancer were supposed to be
analyzed in this study. One tumor and one normal samples were obtained from
each patient, and stored as formalin-fixed, paraffin-embedded (FFPE) tissue sample
blocks. The FFPE tissue samples have been operated surgically, analyzed by expe-
rienced pathologists, and belongs to the regional ethics committee (REC) biobank.

DNA and RNA have been extracted from patients FFPE tissue samples, and dif-
ferent comparative analysis have been conducted. The DNA have been checked
for EMAST and MSI mutations, by comparing tumor sample to the normal sample.
RNA where to be measured with qPCR to check gene expression with a multimarker
panel consisting of metabolic and EMT markers.

2.1.3 Prepared solutions

Medium for cell lines:

• 500 ml Dulbecco’s Modified Eagle Medium (DMEM)

• 10 % Fetal bovine serum (FBS)

• 2 mM L-Glutamine
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• 5 U/ml Penicillin/streptomycin

1x PBS, 500 ml

• 1 PBS tablet

• 500 ml ddH2O

1 M Glucose, 50 ml

• 9.01 g Glucose

• 50 ml ddH2O

1x Tris-EDTA (TE) buffer, 100 ml

• 1 ml 100x TE buffer

• 99 ml ddH2O

2.1.4 Kits

A few different kits have been used in this study; their catalog number and use are
listed in Table 2.2 below.

Table 2.2: Kits, manufacturer, catalog number and their uses.

Kit Manufacturer Catalog Number Use

Count & Viability Kit MUSE MCH600103 Cell count
RNeasy mini kit QIAGEN 74104/06 RNA extraction
AllPrep DNA/RNA FFPE kit QIAGEN 80234 Extract DNA/RNA
Type-it Microsatellite PCR kit QIAGEN 206241/43/46 Multiplex PCR
Quantitect Reverse transciption kit QIAGEN 205313 Reverse transcription
Agilent RNA 6000 Nano Kit Agilent Technologies 5067-1511 RNA quality analysis
SSOAdvanced PreAmp Supermix BIORAD 172-5160 Pre-amplification
Power Up SYBR Green Master Mix Applied Biosystems A25742 Real-time qPCR
TaqMan Fast Advanced Master Mix Applied Biosystems 4444557 Real-time qPCR

2.1.5 Primers and probes for multiplex PCR and qPCR

Multiplex PCR analysis are conducted with five different markers for each of the
stability analysis; EMAST markers are described in Table 2.3 and MSI markers are
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described in Table 2.4. Both tables shows the forward and reverse sequence of the
primer, amplicon length and the 5’ fluorescent label.

Table 2.3: EMAST markers used for instability analysis with multiplex PCR. Forward
and reverse sequences, amplicon length and 5’ fluorescent label.

Marker Sequence (5’-3’) Amplicon length Label

NR-27
Fwd. AAC CAT GCT TGC AAA CCA CT

85 bp VICRev. CGA TAA TAC TAG CAA TGA CC

NR-21 Fwd. GAG TCG CTG GCA CAG TTC TA 105 bp 6-FAMRev. CTG GTC ACT CGC GTT TAC AA

NR-24 Fwd. GCT GAA TTT TAC CTC CTG AC 124 bp PETRev. ATT GTG CCA TTG CAT TCC AA

BAT-25 Fwd. TAC CAG GTG GCA AAG GGC A 146 bp VICRev. TCT GCA TTT TAA CTA TGG CTC

BAT-26
Fwd. CTG CGG TAA TCA AGT TTT TAG

178 bp NEDRev. AAC CAT TCA ACA TTT TTA ACC C

Table 2.4: MSI markers used for instability analysis with multiplex PCR. Forward and
reverse sequences, amplicon length and 5’ fluorescent label.

Marker Sequence (5’-3’) Amplicon length Label

D20S85
Fwd. TGG GAG TAT CCA GAG AGC TAT T

146 bp VICRev. CCA CTG TAC TCC AGC ATG AAT

MYCL1 Fwd. TGG CGA GAC TCC ATC AAA G 181 bp 6-FAMRev. CCT TTT AAG CTG CAA CAA TTT C

D8S321 Fwd. GAT GAA AGA ATG ATA GAT TAC AG 237 bp PETRev. ATC TTC TCA TGC CAT ATC TGC

D20S82 Fwd. GCC TTG ATC ACA CCA CTA CA 249 bp VICRev. GTG GTC ACT AAA GTT TCT GCT

D9S242
Fwd. GTG AGA GTT CCT TCT GGC

178 bp NEDRev. ACT CCA GTA CAA GAC TCT G

SYBR Green Primer Assays were used for gene expression analysis of different cell
lines, with RRN-18S, ACTB and HSP90AB as reference genes, and 17 different
target genes, described in Table 2.5. All these assays are supplied lyophilized from
QIAGEN and are reconstituted with 1.1 ml TE buffer.

TaqMan Gene Expression Assays are used for gene expression analysis for 2D and
3D cultured SW948 and SW1116. ACTB and POLR2 are reference genes, SUCLA2
is a target genes, all described in Table 2.6.
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Table 2.6: TaqMan Gene Expression Assays.

Gene
Symbol

Gene Aliases Gene Name TaqMan Assay
ID

Catalog
number

Amplicon
Length

ACTB BRWS1,
PS1TP5BP1

actin beta Hs00357333 g1 4331182 77 bp

POLR2A POLR2,
POLRA, RPB1,
RPBh1, RPO2,
RPOL2, RpI-
ILS, hRPB220,
hsRPB1

RNA polymerase
II subunit A

Hs00172187 m1 4331182 61 bp

SUCLA2 A-BETA, MT-
DPS5, SCS-betaA

succinate-CoA
ligase ADP-
forming beta
subunit

Hs01597886 g1 4351372 89 bp

2.1.6 Reagents and equipment

Reagents and equipment used in experiments for this study are listed in Table 2.7.

Table 2.7: Reagents and equipment used in experiments. ∗ denotes Dulbecco’s Modifi-
cation of Eagle’s Medium.

Material Manufacturer Catalog No. Use
DMEM∗ (4.5 g/L
glucose)

Corning 15-017-CVR Cell culture

DMEM∗ (No glucose) Corning 17-207-CVR Cell culture
L-Glutamine 200mM Corning 25-005-CL Cell culture
0.25% Trypsin/EDTA Sigma T4049-500ML Cell culture
Fetal Bovine Serum Biowest S181H-500 Cell culture
Penicillin-Streptomycin Biowest L0018-100 Cell culture
Phosphate-Buffered Saline Life technologies 18912-014 Cell culture
Dimethyl Sulfoxide (DMSO) Applichem A3671.0100 Cell culture
D-(+)-Glucose Sigma G7021-1KG Cell culture
50ml Centrifuge Tubes VWR 525-0402 Cell culture
15ml Centrifuge Tubes VWR 525-0400 Cell culture
75cm2 Tissue Culture Flask Corning 353136 Cell culture
25cm2 Tissue Culture Flask Corning 353108 Cell culture
Tissue culture 6-well plates VWR 734-2323 Cell culture
SANYO CO2 incubator SANYO electric Co.,

Japan
MCO-18AIC Cell culture

Trypan Blue Solution, 0.4% Amresco K940-100ML Cell count
Count & Viability Assay Kit MUSE MCH600103 Cell count
AllPrep DNA/RNA FFPE kit QIAGEN 80234 Extract DNA/RNA

from FFPE tissue
samples

Continued on next page
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Table 2.7 – Continued from previous page
Material Manufacturer Catalog No. Use
QIAcube QIAGEN 9001292 DNA/RNA

extraction and pu-
rification

Rneasy mini kit QIAGEN 74104 Extract RNA from
cells

QIAshredder QIAGEN 79654 Cell lysate
homogenization

Type-it Microsatellite PCR kit QIAGEN 206243 Multiplex PCR
Genetic Analyzer Applied

Biosystems
3130xl Fragment

analyzer
QuantiTect Reverse
transcription kit

QIAGEN 205313 Reverse
transcription

T100 Thermal Cycler Bio-Rad 1861096 Thermal cycler
ImageJ software National

Institutes of Health
V 1.51j8 Microscopy analysis

NanoDrop One/OneC Thermo Fisher Sci-
entific

ND-ONE-W RNA
quantification

Agilent RNA 6000 Nano Kit Agilent
Technologies

5067-1511 RNA analysis

2100 Bioanalyzer Agilent
Technologies

G2939BA RNA analysis

TE buffer Borrowed from a lab at CORE Reconstitute SYBR
green assays

Expert software Agilent
Technologies

G2939BA RNA analysis

QuantiTect Primer
Assays

QIAGEN 249900 qPCR

Power Up SYBR Green Master
Mix

Applied
Biosystems

A25742 qPCR

TaqMan Fast Advanced Master
Mix

Applied
Biosystems

4444557 qPCR

SSOAdvanced PreAmp Super-
mix

Bio-Rad 172-5160 Pre-amplification

96-well plates BRAND 781365 qPCR
LightCycler 96 Roche 5815916001 qPCR
LightCycler software Roche Diagnostics

International Ltd
V 1.1.0.1320 qPCR
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2.2 Methods

2.2.1 Cell Culture

Three different cell lines (see Table 2.1) were used in this study. A few different
assays were done to establish an understanding of the responses mediated by the
cell lines under different growth conditions.

2.2.1.1 Aseptic Technique

All techniques used for cell culture was performed according to aseptic technique, to
prevent bacteria and fungi contamination and cross contamination with other cell
lines. All experiments are done in a dedicated cell culture lab, negatively pressurized
relative to the adjoined areas, gowns and shoe covers were required for further
protection. Hands were washed thoroughly, gloves were used and sanitized with
70% ethanol solution. A laminar flow cabinet was used for all experiments, and also
sterilized with 70% ethanol prior to and after use, followed by UV decontamination.
Additionally, equipment and materials (media bottles, pipette tip boxes, racks and
solutions) were disinfected (70% ethanol) prior to placing them in the cabinet.

2.2.1.2 Resuscitation of Frozen Cell Lines

A cryotube with frozen cells was removed from the cryotank, and thawed in a 37◦C
water bath for approximately 2 minutes. The content was then transferred into a
T75 flask containing pre-warmed medium and incubated at 37◦C with 5% CO2 in
a humidified incubator.

2.2.1.3 Subculture of Adherent Cell Lines

Cell cultures were observed in an inverted microscope to assess the degree of con-
fluency and confirm absence of contaminants. The culture medium was carefully
removed, then cells were rinsed with pre-warmed (37◦C) 1xPBS (phosphate-buffered
saline) to remove any fetal bovine serum (FBS), from culture flask (FBS inactivates
trypsin), before removing the PBS. Trypsin/EDTA heatet to 37◦C was added to
the culturing flask and incubated at 37◦C for 3-12 minutes, depending on cell line.
When cells were detached, they were resuspended with fresh medium (volume higher
than trypsin). The suspension was mixed thoroughly by pipetting up and down to
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ensure single-cells suspension. A portion of the cell suspension was transferred to a
new flask containing fresh media. This volume depends on cell number, which again
depends on the rate of growth for the cell lines being passaged.

2.2.1.4 Cell Quantification

Cells were brought into suspension with trypsin/EDTA and resuspended in fresh
medium. A small aliquot of suspension was removed to preform cell count with
haemocytometer (Figure 2.1) and/or MUSE Count & Viability Assay kit.

Haemocytometer: An equal amount of Trypan Blue was added to the suspension
(50 µl of each), and mixed gentle by pipetting. The haemocytometer was cleaned,
the cover slip moisten with water and placed over the chamber. 20 µl cell suspen-
sion/Trypan blue mix was used to fill the chambers, and x20 magnification phase
contrast was used with an inverted microscope. If possible, >100 viable cells (bright
and unstained cells) were counted for each sample, to increase the accuracy of the
cell count, dead cells was stained blue, and counted for viability estimate. The
following equation was used to calculate cells per ml:

V iable cells per ml = Number of live cells

Number of large squares (1mm)×dilution factor×10, 000

Figure 2.1: Counting cells with Bürker heamocytometer. a) Layout and dimension of
the counting chamber, b) demonstrate which cells to count for the current square, to
avoid recounting, and c) show the order of counting to prevent missing squares (Images:
Laboroptik [72]).
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Muse Count & Viability Assay kit: According to the concentration of original
cell suspension (cells/ml), the recommended volume of Muse Count & Viability
reagent was added to each sample tube, followed by the appropriate volume of cell
suspension (Table 2.8). The suspension and reagent were incubated for 5 minutes
at room temperature, before samples were analyzed with the Muse cell analyser
(Merck Millipore) according to the manufacturers protocol [73].

Table 2.8: Cell suspension dilution table. *Further dilution may be necessary for highly
concentrated cell suspensions.

Concentration of original
cell suspension

Dilution
factor

Cell suspension
volume

Count & viabil-
ity reagent vol-
ume

1x105 to 1x106 cells/ml 10 50 µl 450 µl
1x106 to 1x107 cells/ml 20 20 µl 380 µl
1x107 to 2x107 cells/ml 40* 20 µl 780 µl

2.2.1.5 Cryopreservation of Cell Lines

Cells were harvested with a confluency of at least 70 %. The cells were brought
into suspension using trypsin/EDTA and resuspended in fresh medium. A small
aliquot of suspension was removed to perform cell count. The suspension remaining
after count was centrifuged (5 min, 900 rpm) and the pellet was resuspended in
freeze medium (80 % DMEM, 10 % FBS, 10 % DMSO) at a concentration of 1x106

cells/ml. Aliquots of 1 ml were pipetted into cryotubes with correct labeling and
placed in freezer (-80◦C) overnight, then the cyrotubes were transferred to liquid
nitrogen storage in the cryotank.

2.2.1.6 Cell Viability and Proliferation assay

Cells with a confluency of >70% were brought to suspension using trypsin/EDTA
and resuspended in fresh medium. A small aliquot of suspension was removed to
preform cell count, and 1x105 cells/well (6-well plate). The cells were treated with
high (4.5 g/L) and physiological (1.0 g/L) glucose medium, and cultured for 48 and
72 hours at 37◦C, before the cell number was determined for both live and dead
cells. The growth over time has been normalized (Equation 2.1) to the control (0
hours) and put into graphs with cell proliferation in percentage versus time. The
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doubling time have been calculated with Equation 2.2.

Normalization = nf

ni

× 100 (2.1)

where:

ni = initial cell number
nf = cell number at 48 and 72 hours

Doubling time = (tf − ti)× log(2)
log(nf )− log(ni)

(2.2)

where:

ti = initial time
tf = final time
ni = initial concentration
nf = final concentration

2.2.1.7 Wound healing assay

Cells were seeded onto 6-well plates, where each of the wells where marked on the
bottom for composition the images at approximately the same place each time. The
cells are cultured to confluency in high (4.5 g/L) and physiological (1.0 g/L) glucose
levels, and then the cells were scraped with a 200 µl pipette (one whole line across
each well). Images were taken and analyzed (ImageJ, with wound healing tool) after
different time intervals (from 0h to cells started growing back together). Analysis
are performed to check the cells invasiveness, and RNA was extracted after cells
have started growing into the initial scratched area.

2.2.1.8 RNA extraction

Medium was carefully removed from the 6-well plate, with subsequent gentle wash-
ing with pre-heated (37◦C) 1xPBS before 350 µl RNeasy Lysis Buffer (RLT) were
added to produce RNA lysate. The lysate was homogenized using the QIAshredder
homogenizer columns by centrifuging the columns at maximum speed for 2 minutes.
Flow through was transferred to RNeasy Mini spin column and purification of total
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RNA performed as described by the manufacturer and summarized in Figure 2.2
[74].

Figure 2.2: RNeasy Mini kit workflow [74].

2.2.2 DNA/RNA Extraction from FFPE with QIAcube

Following experienced pathologists inspection, tumor and normal tissue sections
were extracted from formalin-fixed paraffin-embedded (FFPE) tissue sample blocks,
by cutting excess paraffin off the samples, and slicing the FFPE block to 20 µm
thick slices with a microtome. This sample cohort is part of a larger project led by
PhD. student M. Watson. The prepared samples were placed in a 1.5 ml Safe-Lock
microcentrifuge tube, and the lid was closed.

The paraffin where removed by xylene and step 1-9 were performed according to
the protocol in the AllPrep DNA/RNA FFPE Handbook [75], this step gives super-
natant for RNA purification and pellet for DNA purification. The supernatant was
transferred to a 2 ml safe-lock microcentrifuge tube and placed onto the QIAcube,
with the required reagents (Table 2.9, RNA reagents) according to the protocol
sheet. The pellet was resuspended in 180 µl Buffer ALT, digested with 40 µl pro-
teinase K and incubated for 1 hour at 56 ◦C and 2 hours at 90 ◦C before the lysate
was transferred to a 2 ml safe-lock microcentrifuge tube and placed in the QIAcube
with the required reagents (Table 2.9, DNA reagents) according to the protocol
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sheet.

Table 2.9: Reagents used and their position in QIAcube.

Position RNA reagents DNA reagents
1 Buffer RLT -
2 96-100% ethanol Buffer ALT
3 - 96-100 % ethanol
4 Buffer FRN Buffer AW1
5 Buffer RPE Buffer AW2
6 RNase-free water Buffer ATE

2.2.3 Precipitation of RNA with EtOH

The RNA supernatant obtained after RNA purification with QIAcube, was added 3
NaOAc µl, which reacts with the nucleotides in the pellets making them precipitate.
100 µl ice cold 100% ethanol was added to the tube and kept at -80◦C for 24 hours.
The samples were centrifuged at full speed at 4◦C for 30 minutes, followed by 2x
washing with ice cold 75% ethanol (20 minutes centrifuging at 4◦C). Ethanol was
removed, and tubes placed in water bath at 37◦C for approximately 10 minutes to
ethanol had vaporized. The pellet was resuspended in 30 µl nuclease free water.

2.2.4 Nucleic Acid Quantification

Before DNA and RNA samples were frozen, they where measured for concentra-
tion and quality with NanoDrop 2000c (patient samples) and NanoDrop One (cell
cultures), both manufactured by Thermo Fisher Scientific [76].

The NanoDrop spectrophotometers reports nucleic acid concentration and two ab-
sorbance purity ratios (A260/A280 and A260/A230). The concentration are based
on modified Beer’s Law equation using corrected nucleic acid absorbance value and
purity ratios. Purity ratios are based on ratios of corrected absorbance at 260 nm
to corrected absorbance at 280 nm or 230 nm. An A260/A280 purity ratio of 1.8
is considered pure for DNA, while a ratio of 2.0 is considered pure for RNA. An
A260/A230 ratio between 1.8 and 2.2 are generally accepted as pure for both DNA
and RNA. The purity ratios are sensitive for contaminates, and if present in the
samples it affect the purity ratios with a lower number.
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2.2.5 cDNA Synthesis

Extracted RNA was reverse transcribed to produce cDNA for gene expression anal-
ysis. The RNA template and reagents in the QuantiTect reverse transcription kit
were thawed on ice. The genomic DNA elimination reaction was prepared on ice
with a final volume of 14 µl for each reaction, according to Table 2.10.

Figure 2.3: QuantiTect Reverse Transcription kit workflow [77].

The sample tubes were incubated for 2 minutes at 42◦C in a thermal cycler and
placed immediately on ice. While the sample was on ice, the reverse-transcription
reaction master mix was prepared according to Table 2.10, and added to the sample.
The tubes were incubated for 15 minutes at 42◦C, followed by 3 minutes at 95◦C
on the thermal cycler, as described in manufacturers protocol, and presented in the
workflow in Figure 2.3. The reverse-transcription reactions were stored at -20◦C
until qPCR was performed.
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Table 2.10: Reverse Transcription reaction master mix.aUp to 1 µg, bContains RNase
inhibitor, cIncludes Mg2+ and dNTPs.

Component Volume

gDNA Wipeout Buffer 2 µl
RNAa variable
RNase-free water variable
Genomic DNA elimination reaction volume 14 µl

Quantiscript Reverse Transcriptaseb 1 µl
Quantiscript RT Bufferc 4 µl
RT Primer Mix 1 µl
Reverse-transcription reaction master mix volume 6 µl

Total reaction volume 20 µl

2.2.6 Multiplex PCR and Fragment analysis

The extracted DNA (section 2.2.2) was amplified with Type-it Microsatellite PCR
reaction mix according to the manufacturer’s instructions, with 5’ fluorescently la-
beling of the markers [78]. Five tetranucleotide microsatellite primer pairs (EMAST:
D20S85, MYCL1, D8S321, D20S82, D9S242) and five mononucleotide microsatellite
primer pairs (MSI: NR-27, NR-21, NR-24, BAT-25, BAT-26) were used. Primers
sequences, amplicon sizes and fluorescent dyes are provided in Table 2.3 and Table
2.4. The PCR cycling conditions were 5 min activation at 95◦C, 35 cycles at 95◦C
for 30 s (denaturation), annealing for 40 s at 52◦C (EMAST) or 30 s at 55◦C (MSI),
extension for 30 s at 72◦C (EMAST) or 70◦C (MSI), followed by a final extension
for 30 min at 60◦C.

The PCR product was analyzed with a capillary electrophoresis, 3130xl Genetic
Analyzer (Applied Biosystems), with GeneMapper software based on their frag-
ment lengths. Tumor and normal samples were compared within the same patient
samples. Those showing extra peaks at tetranucleotide markers (EMAST) and/or
mononucleotide markers (MSI) were scored as unstable for the specific marker.

Samples showing instability in one out of five markers was scored as EMAST-
negative and/or MSI-Low, while instability in at least two out of five markers were
scored EMAST-positive and/or MSI-High. If no markers were showing instability,
the sample was defined as microsatellite stable (MSS) or EMAST-negative.
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2.2.7 Relative Gene Expression Analysis

SYBR Green primer assays (Table 2.5) was used for cell gene expression analysis,
while TaqMan Gene Expression assays (Table 2.6) were used for 2D and 3D cell
samples.

2.2.7.1 Pre-Amplification

The SsoAdvanced PreAmp Supermix was tested for pre-amplification of the cDNA
extracted from FFPE tissue samples, and the protocol followed [79]. All primer
assays were pooled and added nuclease free water for a total volume of 500 µl. The
pre-amplification reaction mix was made by mixing 25 µl SsoAdvanced PreAmp
Supermix, 5 µl pre-amplification assay pool and 20 µl cDNA template to achieve
a 50 µl reaction mix. PCR cycling conditions for pre-amplification of the samplers
were 3 min at 95◦C for polymerase activation and DNA denaturation followed by
12 cycles of denaturation 15 seconds at 95◦C and annealing/extension for 4 min at
58◦C.

2.2.7.2 Real-time quantitative PCR (RT-qPCR)

PowerUp SYBR Green Master mix are used to run the real-time quantitative PCR
for cell samples. The reaction mix are prepared according to Table 2.11, with 10%
overage and transferred a 96-well plate, including no template control (NTC) and
negative control (RNase free water). Plate was sealed with an optical adhesive
cover, and centrifuged briefly (800 rpm, 1 min). Roche LightCycler 96 Real-time
PCR program was set to the settings in Table 2.12, with appropriate reaction volume
and dye.

Table 2.11: Reaction mix volumes for RT-qPCR with SYBR Green.

Component Volume Volume
PowerUp SYBR Green Master Mix 5 µl 10 µl
Forward and reverse primers 1 µl 2 µl
DNA template 1 µl 2 µl
Nuclease-Free Water 3 µl 6 µl
Total 10 µl 20 µl

The LightCycler software displays the amplification plot, and calculate the quan-
tification cycles for the amplification curves. Relative quantification was done to
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analyze the results.

Table 2.12: RT-qPCR cycling mode for SYBR Green.

Step Temperature Duration Cycles
UDG activation 50◦C 2 min Hold
Dual-Lock DNA polymerase 95◦C 2 min Hold
Denature 95◦C 15 sec

45Anneal 55◦C 30 sec
Extend 72◦C 30 sec
Melting curve stage 1: 95◦C 10 sec
Melting curve stage 2: 65◦C 1 min
Melting curve stage 3: 97◦C 1 sec

TaqMan Fast Advanced Master mix are used to run the Real-time quantitative PCR
for 2D and 3D cell samples. The reaction mix was made by mixing 10 µl TaqMan
Fast Advanced Master mix, 1 µl TaqMan assay, 7 µl of nuclease free water and 2
µl cDNA template to achieve a 20 µl reaction mix, and adding a 10 % overage, and
transferred to a 96-well plate.

The 96-well plate are sealed with an optical adhesive film, before centrifuged (800
rpm, 1 min), and placed in Roche LightCycler. The qPCR cycling conditions were
2 min UNG incubation at 50◦C, 20 s polymerase activation at 95◦C, followed by
40 cycles of denaturation and annealing/extension (95◦C for 3s and 60◦C for 30s,
respectfully). The LightCycler software displays the amplification plot, and calculate
the quantification cycles (Cq) for the amplification curves. Relative quantification
was done to analyze the results.

2.2.8 Reference gene Stability

A stability analysis of the different reference genes was preformed with the quan-
tification cycle data obtained from the qPCR. The reference genes were separated
according to conditions, high and low glucose and based on cell lines. An determi-
nation of expression stability of reference genes were also conducted by geNorm [80].
Specific criteria must be meet for a gene to be defined as a reference or housekeep-
ing gene. Experimental factors should not affect the expression levels of the genes,
and different physiological states and tissues should give a minimal variability in ex-
pression levels, making reference genes important as internal control of qPCR gene
expression [81].
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Reference genes used in this study were analyzed for their stability and variance over
high and low glucose, for three different cell lines. The Cq values obtained from the
different experiments were combined in excel, and used to check the how the Cq was
for the different conditions, the same data were analyzed by geNorm to obtain the
average expression stability value (M) and the variance between them.

2.2.9 Amplification Efficiency

To test the amplification efficiency of the SYBR Green primer assays, a series of 10-
fold dilutions (1:5, 1:50, 1:500 and 1:5000, which correspond to 10 ng, 1 ng, 0.1 ng,
0.01 ng respectfully) were made with the cDNA. The samples were run in triplicates
on 96-well plates.

Amplification efficiency of TaqMan gene expression assays, a series of 10-fold dilu-
tions (equal to the one used for SYBR Green) were made with cDNA. The samples
were run in duplicates on 96-well plates with both 2D and 3D cell lines (SW1116
and SW9489).

The efficiencies were calculated for all markers with the cell line that showed best
expression, by the standard curve produced from Cq values plotted against log
concentration. The slope of this curve was used in Equation 2.3 and Equation 2.4:

E = 10
−1

slope (2.3)

Efficiency calculated in percentage:

%E = (10
−1

slope − 1)× 100 (2.4)

2.2.10 RNA Analysis

The FFPE tissue RNA sample quality where assessed by on-chip electrophoresis
with Agilent 2100 Bioanalyzer as described in the manufacturers protocol [82]. Ag-
ilent RNA 6000 Nano kits contains chips, spin filters and reagents (gel matrix, dye
concentrate, marker and ladder) for analysis of Eukaryote Total RNA Nano. The
RNA samples were diluted to a concentration between 5 and 500 ng/µl.

The RNA gel matrix was filtered with spin filter inserted in a centrifuged, and
mixed with RNA dye concentrate, and loaded on the chip following manufacturers
protocol with the priming station. The RNA marker was loaded into all 12 sample



Chapter 2. Materials and Methods 32

wells and the ladder well on the chip. The samples were heat denatured at 70◦C
for 2 minutes, before 1 µl of the samples and ladder were loaded onto the chip in
appropriate wells. The chip was vortexed with an adapter and analyzed with the
Agilent 2100 Bioanalyzer instrument.

2.2.11 Data analysis

2.2.11.1 Relative Gene Expression (RGE)

Cq values were calculated in the LightCycler software, exported as a text file and
imported to excel for analysis and relative gene expression (RGE) calculation.

To calculate the relative gene expression, Equation 2.5 was used for the samples of
each assays, according to the 2−∆∆Cq method by Livak et al. [83]. The samples were
normalized to the average reference genes and high glucose (4.5 g/L) levels were
used as control for the samples of the experiment. The equation gives the result
as fold change in expression compared to the control cell, which is linear, and does
not show negative values, by converting the numbers to logarithm, negative values
will represent downregulation, while positive values will represent upregulation of
relative gene expression levels.

RGE = 2−(∆Cqtarget(experiment−control)−∆Cqreference(experiment−control)) (2.5)

2.2.11.2 Statistical Analysis

Statistical analysis was evaluated for each of the target genes by preforming an
independent student t-test (also called two sample t-test) on excel of the ∆Cq values
obtained. The t-test are done for equal or unequal variances depending on the F-
value obtained, and the limit for significance used is p>0.05.
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Results

This study are compiled in a workflow (Figure 3.1), which include optimization and
calibration test for validity of techniques used.

Figure 3.1: Methods workflow used in this study. Analysis on cell culture used as a
model for gene expression analysis of cell and patient samples. The analysis followed the
flow of the diagram RNA and/or DNA was extracted from patients and cell culture, then
RNA was reverse transcribed to cDNA, followed by qPCR analysis.

3.1 Cell Culture assays

Cells used in this study are described Table 2.1, and the assays protocols are de-
scribed in section 2.2.1 Cell Culture.

33
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3.1.1 Cell lines Proliferation and Viability

To understand which growth variance high (4.5 g/L) and physiological (1.0 g/L)
glucose that favor proliferation and viability, the doubling time was calculated by
Equation 2.2.

Viability are presented in Figure 3.2, with differences in high and low glucose cul-
tured for 48 and 72 hours. CCD-18Co present with the highest viability of 98%
for 48 hours, then it decreases to approximately 95%. SW1116 shows the lowest
viability, with a range of 79 to 83%. SW948 have around 95% viability for 48 hours
measurements, and a small decrease to 93% for 72 hours. Examples of the different
cell lines population and viability profiles are located in Appendix A.

Figure 3.2: Cells viability. Cells are cultured in high (4.5 g/l) and low (1.0 g/L) glucose
for 48 and 72 hours, and quantified with MUSE Count & viability kit. CCD-18Co (P14,
P16, n=9), SW1116 (P14, P15, P22, n=24), and SW928 (P14, P16, P23, n=24 (high
glucose), n=22 (low glucose)). Initial seeding number of cells: 1x105 cells/well (6-well
plate).

SW1116 shows a slow growth the first 48 hours, before they increase over the next
24 hours, the cell culture seems to grow faster in low glucose compared with high
glucose medium (Figure 3.4), these results can also be observed in the images Figure
3.3.
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Figure 3.3: Cell growth of SW1116 (P14) at 24, 48 and 73 hours. Seeded 1x105 cells/well
(6-well plate) and cultured in high (4.5 g/L) and physiological (1.0 g/L) glucose. Scale
bar: 200 µm (ImageJ).

High glucose present with an increase of 2.52-fold after 72 hours compared to phys-
iological glucose which presents with a 3.35-fold increase. The graph shows that
the cells grows a bit faster for low glucose compared to high glucose, which also are
calculated by doubling time. Doubling time for high glucose are 2 days, 13 hours
and 42 minutes (61.70 hours), and 1 day, 17 hours and 2 minutes (41.03 hours), for
low glucose culturing.

Figure 3.4: Proliferation of SW1116 (P14, P16, P23) at 48 and 72 hours. The chart are
normalized to high (4.5 g/L) and low (1.0 g/L) glucose at 0 hours (seeded 1x105 cells/well),
and presented with standard deviations between the replicates (n=8).

SW948 shows an increasing growth over the whole time interval, and the increase
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for high glucose are a bit higher than for physiological glucose (Figure 3.6). The cell
line have been imaged at 24, 48 and 72 hours, and are presented in Figure 3.5.

Figure 3.5: Cell growth of SW948 (P17) at 24, 48 and 72 hours. Seeded 1x105 cells/well
(6-well plate) and cultured in high (4.5 g/L) and physiological (1.0 g/L) glucose. Scale
bar: 200 µm (ImageJ).

The high glucose present a fold increase 7.70 after 72 hours compared to physiological
glucose that had a fold increase of 7.16.

Figure 3.6: Proliferation of SW948 (P15, P16, P20, P25) at 48 and 72 hours. The chart
are normalized to high and low glucose at 0 hours (1x105 cells/well), and presented with
standard deviations between the replicates (n=10).

The doubling time for SW948 for high and low glucose are only two hours apart.
High glucose culturing is 1 day, 2 hours and 19 minutes (26.32 hours) and low glucose
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culturing is 1 day, 4 hours and 37 minutes (28.61 hours). Which also are presented
in the images (Figure 3.5, and the proliferation graph (Figure 3.6).

CCD-18Co shows a steep growth the first 48 hours, before the cell number decreases
to 72 hours (3.8); this is not visible in the images obtain after 24, 48 and 72 hours
culturing (Figure 3.7).

Figure 3.7: CCell growth of CCD-18Co (P16) at 24, 48 and 72 hours. Seeded 1x105

cells/well (6-well plate) and cultured in high (4.5 g/L) and physiological (1.0 g/L) glucose.
Scale bar: 200 µm (ImageJ).

The graph shows that CCD-18Co grows a bit faster and to a higher concentration
for low glucose compared to high glucose, and it decreases more for cells cultured in
high glucose compared to those cultured in physiological glucose. The decrease are
especially observed in high glucose. High glucose present a 3.67-fold increase after
72 hours compared to physiological glucose, which had a 4.95 fold increase after 72
hours.
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Figure 3.8: Proliferation of CCD-18Co (P14, P16) at 48 and 72 hours. The chart are
normalized to high and low glucose at 0 hours (1x105 cells/well), and presented with
standard deviations between the replicates (n=7).

The doubling time for CCD18-Co for high and low glucose are a few hours different.
Cells cultured in low glucose doubles by 1 day, 11 hours and 16 minutes (35.26 hours),
which is a bit faster than cells cultured in high glucose. High glucose cultured cells
doubles within 1 day, 20 hours amd 25 minutes (44.41 hours).

3.1.2 Cell lines Wound Healing

All three cell lines used for wound healing assay to check the collective cell migration,
which is exhibited by epithelial and endothelial monolayers that moves while their
intracellular junctions are maintained [84]. To test whether high or low glucose
conditions played a role how the slow proliferating cell line SW1116 regrew, a wound
healing assay was performed. After the wound was inflicted, it took around one
week to the cells started to grow back together; with not much difference between
high glucose and physiological glucose (Figure 3.9). Growth medium was changed
frequently, to obtain the best growth conditions, and good quality images.
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Figure 3.9: Wound healing over time for SW1116 (P19). Cultured in high (4.5 g/L,
(a1-a4)) and low (1.0 g/L (b1-b4)) glucose. Black area represent scratch applied on cells,
and how cells grow back together. Scale bar: 500 µm (ImageJ, wound healing tool).

The MRI Wound healing tool was used to measure the area of the wound and the
data collected in an excel sheet and analyzed by normalization to high and low
glucose at 0 hours (Figure 3.10, and in Appendix A).

Figure 3.10: Measured wound area over time for SW1116 (P18, P19, P14). Cultured in
high (4.5 g/L) and low (1.0 g/L) glucose. Bar chart are normalized to initial wound at 0
hours, measured at different time points, and presented with standard deviations between
replicates (n=9) (ImageJ, wound healing tool).

The bar chart shows that the wound of SW1116 in low glucose grows slower together,
than cells cultured in high glucose. The final measurements are an average of all
cells that have started growing back together, and they are around 17% closed for
high glucose and 19% closed for low glucose.

Wound healing assay was carried out on the fast proliferating cell line SW948 to see
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whether high and low glucose conditions play a role on the how well the cell line
regrew. The wound healing for SW948 does take around one week to grow back
together for the low glucose, while the high glucose is not growing back together
(Figure 3.11). The growth medium was changed frequently, to give the cells the
best growth conditions possible, and achieve good quality images.

Figure 3.11: Wound healing over time for SW948 (P26). Cultured high (4.5 g/L (a1-
a4)) and low (1.0 g/L (b1-b4)) glucose. Black area represents measured scratch applied
on cells, and how cells grow back together. Scale bar: 500 µm (ImageJ, wound healing
tool).

The MRI Wound healing tool gave the area of the scratches and the data was
normalization to high and low glucose at 0 hours (Figure3.12).

Figure 3.12: Measured wound area over time for SW948 (P25, P26, P13). Cultured in
high (4.5 g/L) and low (1.0 g/L) glucose. Bar chart are normalized to initial wound at 0
hours, measured at different time points, and presented with standard deviations between
replicates (n=9) (ImageJ, with healing tool).

The results are normalized to high and low glucose control at 0 hours, and standard
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deviation are added for each of the bars. Low glucose grows slower during the first
96 hours, compared with high glucose conditions. Then the low glucose regrow
together, while the high glucose almost stopped growing back together around 188
hours forming multilayers, before they detached from the plate well (Appendix A).

To test whether high or low glucose conditions played a role on how the fibroblastic
cell line CCD-18Co regrew, a wound healing assay was performed. After the wound
was inflicted on the cell culture, it took less than one day to start to grow back
together; with not much difference between high glucose compared to low glucose
(Figure 3.13).

Figure 3.13: Wound healing over time for CCD-18Co (P16). Cultured in high (4.5
g/L (a1-a3)) and low (1.0 g/L (b1-b3)) glucose. Black area represents measured scratch
applied on cells, and how cells grow back together. Scale bar: 500 µm (ImageJ, wound
healing tool).
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Figure 3.14: Measured wound area over time for CD-18Co (P16). Cultured in high (4.5
g/L) and low (1.0 g/L) glucose. Bar chart normalized to initial wound at 0 hours, measured
at different time points, and presented with standard deviation between replicates (n=6)
(ImageJ, wound healing tool).

The bar chart shows that cells grown in low glucose regrows faster compared to high
glucose conditions. Within 20 hours, all the different replicates of CCD-18Co had
started growing back together, but as shown in the bar chart above (Figure 3.14),
at 20 hours, the low glucose have grown more together than the high glucose.

3.2 Multiplex PCR of Patient Samples

The small sample size (n=26) of the cohort investigated in this study are presented
in the Table 3.1, with EMAST (Table 2.3) and MSI (Table 2.4) analysis separated.
Normal tissue samples are compared with their corresponding tumor tissue samples.

Microsatellite stable (MSS) are used for MSI when none of the markers were un-
stable, while EMAST negative represent up to one unstable marker. The samples
presented as MSI-H are also EMAST positive for the these results. Four out of
24 EMAST analysis show two or more unstable markers (EMAST+), 7 out of 24
(26 minus two samples N/A) shows one unstable marker, and the rest of EMAST
shows no unstable markers (EMAST-). Three out of 23 (26 minus three samples
N/A), shows MSI-H and therefore two or more unstable markers, one shows MSI-L
with one unstable marker, and the rest presents with no unstable markers and are
presented as MSS.
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Table 3.1: Result of EMAST and MSI analysis. EMAST- (EMAST negative): one or
less markers unstable. EMAST+ (EMAST positive): two or more markers unstable. MSS,
no makers unstable. MSI-L, one marker unstable. MSI-H: two or more markers unstable.
N/A, not analyzed or inclusive analysis.

Sample EMAST MSI

35 EMAST- MSS
43 EMAST- MSS
67 EMAST+ MSI-H
80 N/A MSI-H

118 EMAST- MSS
136 EMAST+ MSS
157 EMAST- N/A
176 N/A MSS
180 EMAST- N/A
181 EMAST- MSS
182 EMAST- N/A
183 EMAST- MSS
184 EMAST- MSI-L
189 EMAST- MSS
190 EMAST- MSS

190(M) EMAST- MSS
191 EMAST- MSS
192 EMAST- MSS
193 EMAST+ MSI-H
194 EMAST- MSS
195 EMAST- MSS
196 EMAST- MSS
197 EMAST- MSS
199 EMAST- MSS

199(M) EMAST- MSS
200 EMAST+ MSS

Two layouts of EMAST (patient samples 067N/T and 157N/T), one EMAST pos-
itive and one EMAST negatives and two layouts for MSI (patient samples 067N/T
and 176N/T), one MSI-H and one MSS are presented in Appendix B.

3.3 Validation of Quantitative PCR

The potential markers of detection of difference in high and low glucose (and tumor
and normal tissue samples), had to be highly expressed. Expression of the differ-
ent genes were evaluated in three colorectal cell lines, two cancerous (SW1116 and
SW948) and one normal (CCD-18Co).
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3.3.1 Cell line Expression of Markers

Figure 3.15: Expression of markers in cell lines. Given as average Cq values (n=3). Cell
lines cultured in high (4.5 g/L) glucose. No Cq value denotes an undetectable signal or a
Cq > 39, a lower Cq value reflects a higher expression of marker.

The cell lines were chosen based on their different phenotype and characteristics.
SW1116 and SW948 are epithelial adenocarcinomas. SW1116 are more OXPHOS
dependent, and SW948 are more glycolytic dependent, while CCD-18Co is a fibrob-
last cell line, non-cancerous and motile compared to the other cell line (Table 2.1).
RNA was extracted from harvested cell line lysate (section 2.2.1.8), cultured in high
(4.5 g/L) or low (1.0 g/L) glucose, before reverse transcribed (section 2.2.5) for
cDNA production, and quantified by qPCR (section 2.2.7.2).

The average Cq values of each cell line in high glucose amplified is shown in Figure
3.15. All of these amplifications are done in high glucose, since that is the control
environment used for cell lines in this study. The reference genes (ACTB, RRN18S,
HSP90AB) are in general similar and evenly expressed between the different cell
lines, which is expected. With Cq values around 20 for ACTB, 18 for RRN18S and
25 for HSP90AB. SW948 exhibit the highest expression for SNAI1. SW1116 was the
best cell line for CDH1, CTNNB1, SLC2A1, SLC22A1, SUCLA2, LDHA/B, UCP2
and BIRC5. The remaining markers (CDH2, SNAI2, AXL, ZEB, TWIST, VIM,
MCT4) were highest expressed in CCD-18Co.

3.3.2 Stability analysis of Reference Genes

The reference genes are supposed to be stable across conditions, therefore an analy-
sis of the quantification cycles (Cq) values have been done of the different reference
genes to compare if they are stable over high and low glucose conditions, also sepa-
rated according to the cell lines (Figure 3.16).
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Figure 3.16: Distribution of Cq values for reference genes. Separated according to
condition (high (4.5 g/L) and low (1.0 g/L) glucose) and cell line (SW948, SW1116, CCD-
18Co). Box-and-whisker plots show range of Cq values for each reference genes (RRN-18S,
ACTB, HSP90AB)). Boxes indicate 75th and 25th percentiles, whiskers indicates largest
or smallest Cq value without being an outlier, median are presented as the line within the
boxes and average Cq are presented as a dot.

In general, high and low glucose condition do not vary too much between each of
the reference genes. They seems to be stable across the condition, also not much
different when compared with cell lines, RRN-18S gets amplified first and HSP last in
all the different cell lines, while ACTB are somewhere in between the other reference
genes. Stability analysis calculated with geNorm (used qBASE+) are presented in
Figure 3.17.
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Figure 3.17: Average expression stability (M). Calculated with geNorm (qBASE+), with
Cq values from qPCR. High (4.5 g/L) relative to low (1.0 g/L) glucose for each of the cell
line in this study (SW948, n=10; SW1116, n=13, CCD-18Co; n=6). The lowest average
expression stability value are the most stable reference genes. M value should be < 0.5.

CCD-18Co have the highest stability values over all three reference genes, while all
cell line express the highest stability for HSP, and the lowest stability for RRN-18S.
The average coefficient of variation (CV) for are 14.8, 13.5 and 20.1, for SW948,
SW1116 and CCD-18Co respectfully (Appendix C).

3.3.3 Amplification Efficiency of SYBR Green markers

QuantiTect Primer Assay manufactured by QIAGEN, are designed for SYBR Green
expression analysis, and guaranties 100 ± 10% efficiencies for relative quantifica-
tion. Efficiency of all markers were tested to confirm this, and validate them (Table
3.2). Extracted cDNA from cell lines (SW1116, SW948, CCD-18Co) with highest
expression of the marker tested with qPCR were used for standard curve analysis
(Appendix D). The multimarker mRNA panel used in this study can be put in two
categories, metabolic and EMT.

Efficiencies for the markers are within this range for most of the markers, with
exception of LDHA (74.02%), TWIST1 (82.10%), and SLUG (87.28%) (Table 3.2
and Figure 3.18).
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Table 3.2: Amplification efficiency (E) for SYBR Green markers. Slope of standard
curve and coefficients of determination from linear regression of the standard curve (R2).
*Three points only.

Assay Slope R2 E(%)

RRN-18S -3.4193 0.985 96.09
ACTB -3.5643 0.9963 90.79
HSP90AB -3.4052 0.9989 96.64
E-cadherin -3.383 0.9986 97.51
N-cadherin -3.501 0.9936 93.03
SNAIL -3.3186 0.9741 100.14
SLUG -3.6699 0.9934 87.28
AXL -3.5193 0.993 92.38
ZEB1* -3.54 0.9954 91.64
TWIST1 -3.8417 0.9759 82.1
β-catenin -3.3703 0.9963 98.02
Vimentin -3.471 0.9981 94.13
GLUT1 -3.4807 0.9981 93.78
MCT4 -3.3986 0.9667 96.9
OCT1* -3.1558 0.951 107.43
SUCLA2 -3.4594 0.9942 94.57
LDHA -4.1564 0.9866 74.02
LDHB -3.447 0.9958 95.03
UCP2 -3.4783 0.9785 93.86
Survivin -3.475 0.9778 93.99

Figure 3.18: Amplification efficiency of SYBR Green assays.
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3.3.4 Amplification Efficiency of TaqMan assays

SW1116 and SW948 samples, cultured 2D and 3D (spheroids) cells, were used to
calculate the efficiency of the TaqMan assays from a dilution series and are presented
in Table 3.3 below. In Appendix C are the standard curves used for the efficiency
calculation.

Table 3.3: Amplification efficiency of TaqMan Assays (E). Coefficients of determination
from linear regression of the standard curve (R2).*Three points only.

Assay Slope R2 E (%)

ACTB -3.3865 0.9956 97.37
POLR2A* -3.26 0.9887 102.65
SUCLA2 -3.4075 0.9937 96.55

3.4 Quantitative PCR Gene Expression

Cell line was cultured as described in section 2.2.1 (Cell Culture) and marker levels
quantified by qPCR (section 2.2.7.2) On each plate the reference genes and genes of
interest were run in duplicate, and with the two different culturing conditions, high
and low glucose. Cq were calculated by the LightCycler and relative gene expression
was calculated (section 2.2.11.1).

3.4.1 Relative Gene Expression of Cell lines

RNA have been extracted (section 2.2.1.8) from the cells (SW948, SW1116, and,
CCD-18Co), cDNA have been synthesized (section 2.2.5) and qPCR (section 2.2.7.2)
have been run to see expression with EMT and metabolic markers depending on their
growth condition. Relative gene expression have been calculated according to section
2.2.11.1. In Appendix E, the relative gene expression mean, standard deviation, and
threshold value based on 3SD over mean are presented, cell lines cultured in high
and low glucose for 48 and 72 hours, 2 weeks, and wound healing assay.

3.4.1.1 High and Low Glucose for 48 hours

The RGE for cells cultured in different glucose conditions for 48 hours are presented
in Figure 3.19. The different conditions used are high glucose, containing 4.5 g/L
glucose, and low glucose, containing 1.0 g/L glucose.
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Figure 3.19: Relative gene expression for cells cultured for 48 hours. Cells are cultured
in high (4.5 g/L) and low (1.0 g/L) glucose medium. The bar chart are normalized to
high glucose (control). qPCR data for SW948 (P22, P23, P15) and SW1116 (P20, P22,
P17) are shown as RGE means ± SD from 3 biological replicates, while CCD-18Co (P17)
are shown as RGE means (3 technical replicates). *, indicate p<0.05 by Student t-test,
not performed for CCD-18Co.

The EMT markers (CDH2, SLUG, ZEB, TWIST and VIM) are not expressed for
colon cancer cell lines, while AXL only are expressed SW1116 and CCD-18Co.
CDH1/2 gene expression are divided between the cells, the epithelial colon can-
cer cell lines are up- and downregulated, for SW1116 and SW948, respectfully, and
not expressed for CCD-18Co. N-cadherin are downregulated for CCD-18Co, while
the other cell lines are not expressed.

With the exception of β-catenin, LDHA and Survivin, all the different markers are
expressed different for the two colon cancer cell lines (SW948 and SAW1116). SW948
gene expression of the target gene SLC2A1 (GLUT1) is of statistically significant
value, upregulated in low glucose compared high glucose. GLUT1 are on the other
hand downregulated for SW1116 and CCD-18Co.

3.4.1.2 High and Low Glucose for 72 hours

Relative gene expression of SW948, SW1116 and CCD-18Co cultured for 72 hours
in high and low glucose medium are presented in Figure 3.20.
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Figure 3.20: Relative gene expression for cells cultured for 72 hours. Cells are cultured
in high (4.5 g/L) and low (1.0 g/L) glucose. The bar chart are normalized to high glucose
(control). qPCR data for SW948 (P22, P23, P15) and SW1116 (P20, P22, P17) are shown
as RGE means± SD from 3 biological replicates, while CCD-18Co (P17) are shown as RGE
means from 3 technical replicates. *, indicate p<0.05 by Student t-test, not performed for
CCD-18Co.

CCD-18Co are expressed in all the EMT markers, except for E-cadherin which
only is regulated by colon cancer cell lines, SW948 and SW1116. β-catenin are
downregulated for both colon cancer cell lines, and AXL are only expressed by
SW1116. All markers are expressed in metabolic genes, except for SW948 in OCT1.
LDHA gene expression for SW948 is statistically significant between high and low
glucose expression according to the Student t-test. This gene is only downregulated
for SW948, and upregulated for the other cell lines.

3.4.2 Applied Wound Healing

The relative gene expression of SW1116 and CCD-18Co after wound healing assay
(section 2.2.1.7), are calculated (section 2.2.11.1 presented in Figure 3.21, with their
RGE means and standard deviation from 3 biological replicates of each cell line.
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Figure 3.21: Relative gene expression for cells extracted after wound healing assay.
qPCR data for SW1116 (P18, P19 and P14) and CCD-18Co (P16) are shown as RGE
means ± SD from 3 biological replicates, and normalized to high glucose. *, indicate
p<0.05 by Student t-test.

E-cadherin are only upregulated for SW1116 and N-cadherin are only upregulated
for CCD-18Co. Few of the epithelial to mesenchymal transition markers, SLUG,
ZEB1, TWIST1 and VIM, are only expressed in CCD-18Co. SNAIL, beta-catenin
and AXL are regulated in both cell lines, as for the metabolic markers both cell lines
are expressed, with varying degree of expression levels.

MCT4 (SLC16A3) are upregulated in SW1116 low glucose, and are of significant
difference between high and low glucose conditions, as indicated in Figure 3.21 with
a * symbol. This are calculated by a Student t-test on the genes presented in the
chart.

3.4.3 Metformin Treatments

The relative gene expression of metformin treatments for SW948 and SW1116 are
presented in the graphs, Figure 3.22 and Figure 3.23. The cells have been treated
with (0.5 mM and 3.0 mM metformin) or without metformin for 48 hours before
RNA were extracted according to section 2.2.1.8. The high and the low glucose
are used as control for the treatments in the corresponding medium, but the low
glucose itself are normalized to high glucose. Since high glucose are used as the
overall control, it is present as 0 in the graphs, and therefore not showing up.
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Figure 3.22: Relative gene expression for SW948 treated with metformin. Cells (Passage
n/a, n=1) is cultured in high (4.5 g/L) and low (1.0 g/L) glucose, and treated with different
concentrations of metformin (0 mM, 0.5 mM, and 3 mM) for 48 hours. The graph is
normalized to high glucose with 0 mM metformin for all high glucose treatments and low
glucose without metformin, low glucose treatments are normalized to low glucose. qPCR
data are shown as RGE.

SW948 relative gene expression with metformin treatments (Figure 3.22) shows
a relative small gene expression with GLUT1 and MCT4. OCT1, shows a high
upregulation when the cells are cultured in low glucose without treatment, and even
higher upregulation for 0.5 mM treatment, before a downregulation of the gene
happens with 3 mM metformin treatment, this are also observed for UCP2. When
SW948 are cultured in high glucose with metformin it is upregulated for MCT4,
and down regulated for GLUT1 and OCT1. For SUCLA2 its only upregulated for
metformin treatments with 0.5 mM (high glucose) and no treatments in low glucose.
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Figure 3.23: Relative gene expression for SW1116 treated with metformin. Cells (Pas-
sage n/a, n=1) are cultured in high (4.5 g/L) and low (1.0 g/L) glucose, and treated with
different concentrations of metformin (0 mM, 0.5 mM, and 3 mM) for 48 hours. Graph is
normalized to high glucose with 0 mM metformin for all high glucose treatments and low
glucose without metformin, low glucose treatments are normalized to low glucose.qPCR
data are shown as RGE.

The relative gene expression of SW1116 with metformin treatments (Figure 3.23)
shows mostly downregulation of the different genes and different treatments, the
biggest exception is UCP2, which has a high upregulation of 3 mM metformin treat-
ment in high glucose, and a small upregulation in low glucose without treatment.
MCT4, have a small upregulation for low glucose without treatment, OCT1 have a
small upregulation of 0.5 mM treatment in low glucose and SUCLA2 have upregu-
lation of 0.5 mM treatment for both high and low glucose culturing.

3.4.3.1 Cell culturing as 2D and 3D

TaqMan gene expression are used when running 2D and 3D cell lines up against
each other, for both SW948 and SW1116. The graph in Figure 3.24 shows the
relative gene expression of 3D cell cultures relative to 2D cultures, and are calculated
according to section 2.2.11.1.
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Figure 3.24: Relative gene expression for SW948 and SW1116 (2D and 3D). SW948 (Pas-
sage n/a, n=1) and SW1116 (Passage n/a, n=1) cultured as normal (2D) and spheroids
(3D) cell cultures. The graph are normalized to 2D cultures and qPCR data are shown as
RGE.

Two reference genes are used (ACTB and POLR2A) for normalization of the target
gene (SUCLA2). The result shows approximately 0.5 higher fold change expression
of SUCLA2 in SW948 compared to SW1116.

3.4.4 Relative Gene Expression of Patient Material

The markers validated with cell samplers were tested with patient samples under
normal condition as per manufacturer [85]. Unfortunately, the result yielded no or
very low amplification with a dilution from 1:5 to 1:5000. Therefore, a lower dilution
was tested (1:1 to 1:1000), and still the quantification cycles (Cq) values were from
35 and up.

After exhibiting difficulties with gene expression of patient samples, possible causes
were excluded by examination of kits and primers used. Two different kits were
tested to check the reason behind the poor amplification of patient samples. First
a reverse transcription kit (High-Capacity cDNA Reverse Transcription (Applied
Biosystems)) was tested to check if the cDNA synthesis affected the quality, then
a SYBR Green kit (QuantiTect SYBR Green PCR Kit) was tested. Both kits
were tested by running patient material alongside cell RNA, and none of these kit
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improved amplification of patient samples. To check if the primers were the reason
for the low or no amplification, TaqMan assays were tested with the same sample
material and cell line RNA, which also did not improve the expression of patient
samples.

3.4.4.1 Patient Sample Quality

Due to the low gene expression of the patient samples, a few of them where analyzed
with a bioanalyzer (Agilent 2100) as described in section 2.2.10, to check the RNA
quality. The samples analyzed, were chosen based on their concentration measured
with the NanoDrop (section 2.2.4); four with high concentration, four with middle
range concentration and four with low concentration. In total twelve patient sam-
ples, half with normal tissue (Table 3.4), the other half with tumor tissue (Table
3.5).

Table 3.4: Bioanalyzer result for normal tissue samples. RNA area, RNA concentration,
rRNA Ratio (28s/18s) and RNA integrity number (RIN), obtained with Agilent 2100
Bioanalyzer.

163N 169N 162N 189N 191N 179N

RNA Area 299.6 141.7 31.7 19.9 84.8 213.3
RNA Concentration (ng/µl) 297 140 31 20 84 211
rRNA Ratio [28s / 18s] 0 0 1.3 1.3 0.9 0.3
RNA Integrity Number (RIN) 2.6 2.9 1.9 N/A 3.5 2.5

Table 3.5: Bioanalyzer result for tumor tissue samples. RNA area, RNA concentration,
rRNA Ratio (28s/18s) and RNA integrity number (RIN), obtained with Agilent 2100
Bioanalyzer.

199(M)T 168T 072T 151T 181T 062T

RNA Area 115.4 229.3 8.1 7.9 175.9 133.4
RNA Concentration (ng/µl) 114 227 8 8 174 132
rRNA Ratio [28s / 18s] 0.5 0.2 0.8 0.2 0.4 0.8
RNA Integrity Number (RIN) 2.4 2.6 N/A N/A 2.6 2.7

The graphs and gel analysis from the quality analysis done with the bioanalyzer
are presented in Appendix F. The Tables above (Table 3.4 and Table 3.5), present
the data from the analysis, with RNA area, RNA concentration, rRNA Ratio and
RNA Integrity Number (RIN). RIN is not available (N/A) for three of the samples;
189N, 072T and 151T, the rest of the RIN numbers are low, less than four, which
indicate highly degraded RNA samples. This analysis shows the reason why the
amplification of patient samples yielded no or very low amplification.
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3.4.5 Pre-Amplification

Since the quantification of patient samples were not possible due to low amount of
amplifying template, pre-amplification of cDNA was tested. To check if the pre-
amplification works, the pre-amplification are done with the EMT markers, two
metabolic markers (LDHA and LDHB), and BIRC5 with SW948 (P14, n=1) cul-
tured in high glucose only. The cDNA was run with different dilutions on a plate
without preamplification, and a plate with preamplification.

The differences between their Cq values are calculate and presented in Figure 3.25,
with an average line. A few of the markers did not express (CDH2, TWIST1, VIM),
and some of the markers did not express on the larger dilutions, but on the lower
dilutions. On average the pre-amplification improved the Cq values with 8 cycles
for SW948.

Figure 3.25: Cq differences for pre-amplification. Cq differences between no pre-
amplification and pre-amplification dilution series (1:5-1:5000) for high glucose SW948
(P14, n=1).

The pre-amplification analysis was tested for patient samples, but it did not yield
any improvement of quantification cycle, thus the pre-amplification neither did not
work on patient samples used in this study.
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Discussion

4.1 Cell Culture

4.1.1 Viability and Proliferation Related to Glucose Levels

The analysis is done with Muse Cell Analyzer (Merck Millipore) using the Muse
Count & Viability kit (Merck Millipore). The reagent contains two DNA binding
dyes, a DNA-binding dye that stains cells that have lost their membrane integrity
by staining the nucleus of dead and dying cells, and a membrane-permeant DNA
staining dye that stains all cells with a nucleus [73].

The viability profile of the two colon cancer cell lines, SW948 and SW1116, are rel-
ative stable between themselves and different conditions, but if they are compared
differences in viability are observed. SW948 have a viability percentage around 92-
97%, while SW1116 have a viability percentage around 79-83%. This is probably
due to their differences in metabolic characterization, SW948 are shown rely highly
on glycolysis, and SW1116 relies more on oxidative phosphorylation (OXPHOS)
(unpublished work from CORE research group). The glycolytic profile are often
increased in cancer cells, even when oxygen is present (Warburg effect), which is
required for cancer cells increased cell division, growth and migration properties
[28, 86]. Even though most cancer cells mostly rely on glycolysis as their energy
producing pathway. Studies have shown that some cancer cells, like glioma cells,
breast carcinoma cells, pancreatic cancer cells, either can switch from aerobic glycol-
ysis to OXPHOS, or are depended on oxidative phosphorylation for ATP formation
[87–89]. Which most likely are the reason for the higher viability for SW948 cell
cultured in glucose medium compared to SW1116.

57
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According to Leibovitz et al. SW1116 have a generation time of 163 hours around
passage 3, and SW948 have a generation time of 153 hours around passage 4, both
of which have been cultured in Leibovitz’s L-15 Medium [90]. The L-15 Medium
substitute galactose for glucose, which is known to change the cells metabolism
from being more dependent on oxidative phosphorylation (OXPHOS) to become
glycolytic in several cell lines [91]. Therefore, using galactose as primary carbon
source increases the proliferation rates for the different cell lines, while glucose in
the media decreases the rates of proliferation [92]. The highest generation rates for
SW1116 and SW948 obtained in this study are from different culturing conditions,
high glucose for SW1116, and low glucose for SW948, which probably are due to their
metabolic profiles, and their carbon source. SW1116 relies less on glucose in for their
growth compared to the glycolytic dependent SW948. Differences in proliferation of
the different glucose conditions for the various cells could be an indicator of variant
activation levels of metabolic pathways involved in tumor growth, of special interest
are the PI3K pathway if considering its ability to localize GLUT1 at the plasma
membrane.

4.1.2 Wound Healing Related to Glucose Levels

Epithelial cells (SW1116 and SW948) forms monolayers when cultured in flasks or
plates, and these cells are not mobile, while fibroblast (CCD-18Co) do not form
monolayers, however, migrate slowly as individual cells. The different cell lines use
different amount of time to start growing back together in the lesion made. The
fibroblast uses approximately 20 hours, in both glucose concentrations, which was
expected because of its migratory properties. This is lower than the results obtained
by Saini et al. and Qiao et al., where the cells needed more than 24 hours to grow
back, but there is no mention of what size of pipette tip was used to make the
scratch [93, 94]. Thereby, the initial scratch size might be greater than used in this
study. SW1116 on the other hand used approximately one week to start grow back
in to the wound inflicted, for both high and low glucose. This length of time for the
wound to start repairing, are longer than 48 hours as observed by Zhao et al., but
they used a 10 µl pipette tip to inflict the wound, which would make the wound
smaller, and the cells grow earlier back together [95].

It seemed like the morphology of SW948 changed during wound healing, where the
cells start growing on top of each other, forming multilayers, before they start de-
taching from the plates (Figure 3.11 in section 3.1.2). The multilayer formation are
present in both high and low glucose conditions, but detaching from the wells is more
frequently observed in high glucose, than low glucose. Research done by Chiricolo
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et al. on wound healing for transfected SW948, with mock-transfected and untrans-
fected SW948 used as controls, shows that both controls still have clearly visible
wounds after 6 days, and also showing signs of multilayers instead of monolayers
[96]. Which could indicate that formation of multilayer growth of the cells reduces
the ability to heal wounds. A reasons for the multilayer growth could be that the
6-well plates (vacuum-gas plasma-treated for achieve consistent cell attachment and
growth), are damaged during the scratch with the pipette tip, which seems unlikely
since the other cells lines grows nicely after inflicted wound. SW948 could be more
affected by the scraping, and thereby not growing together in a monolayer, but
rather forming multilayers.

4.2 Multiplex PCR

EMAST markers are highly polymorphic tetranucleotides, and it is therefore impor-
tant to compare the tumor sample to a corresponding normal sample. A polymor-
phic marker has a large number of alleles with different sizes between individuals
and between alleles of the same person [97]. MSI markers are quasimonomorphic
mononucleotides, which means that the markers have almost always alleles at the
same size in any normal DNA [97].

The results presented in section 3.2 is a small cohort size, and it is not possible
to draw any conclusions, only few indications based on the analysis. Five different
EMAST and MSI markers are used with 5’ fluorescently labeling to separate them by
the fragment analyzer. The samples that came out as MSI-H, are also categorized as
EMAST positive, which is also indicated in previous research [98, 99]. EMAST is a
biomarker for loss of MSH3 function in DNA mismatch repair within cells, which can
occur with mutations in MSI-H colorectal cancers [14]. MSH3 dysfunctions are often
associated with advanced CRC and poorer survival rates, and it seems to develop
as a consequence of inflammation [14]. Most of the samples are microsatellite stable
(MSS), which means none of the markers were unstable for the tumor sample (MSI),
and EMAST- denotes less than 2 unstable markers. A few were not analyzed or the
analysis failed, because the analysis was inconclusive, due to no good identification
of some of the markers. This can happen if the DNA sample is too small or too
much diluted, and the peaks are not when performing the analysis.
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4.3 Reference genes stability analysis

Stable reference genes across conditions are important for qPCR analysis. The
quantification cycles (Cq) over high and low glucose are done for the three reference
genes, ACTB, RRN-18S and HSP90AB, separated by different cell lines. In all cell
lines the distribution of Cq values increases from RRN-18S, followed by ACTB, and
lastly HSP90AB.

HSP90AB is the most stable reference gene across both colon cancer cell lines and
the fibroblastic colon cell line. The two other reference genes, RRN-18S and ACTB
present as the two worst, with RRN-18S as the worst for all cell lines, but especially
for CCD-18Co, where the M value (geNorm algorithm) are higher than 0.5, this
result are also presented in in an evaluation study by Sørby et al. within colon
cancer [100].

4.4 Validation of Quantitative PCR analysis

In this study, a multimarker mRNA panel comprised of metabolic and EMT markers
are used to cover a wide range of genes that can indicate colorectal cancer risk,
presence or metastasis. The expression of markers separated on different cell lines
are presented in Figure 3.15, where some of the markers are more expressed than
others. Within EMT markers, fibroblast are the cell line with all but one marker
expressed (E-cadherin (CDH1)), which are expressed in epithelial colon cancer cells.
During cancer, the expression switches between E- and N-cadherin (CDH2), thereby
exhibiting epithelial and mesenchymal phenotype, respectfully [63].

All the 20 markers were also validated for qPCR by obtaining standard curves (Ap-
pendix C) and calculating their efficiencies (Table 3.2 and Figure 3.17), as recom-
mended in the MIQE guidelines [101]. Most of the markers had efficiencies within
the range of 100 ± 10%, except, LDHA (74.02%), TWIST1 (82.10%), and SLUG
(87.28%). The PCR efficiency on important indicator of the performance of the
assay, and therefore may inaccurate estimations leads to over- or underestimation
of the relative gene expression [102].
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4.5 Quantitative PCR analysis

4.5.1 Cell Samples

Normal cells primarily relies on mitochondrial oxidative phosphorylation (OXPHOS)
for energy consumption, as it generates more adenosine triphosphate (ATP) than
glycolysis. However, cancer cells often shift their metabolic profile, to aerobic gly-
colysis even under non-hypoxic conditions, which is known as the Warburg effect
[103].

Glycolysis only produces two ATPs, and pyruvate is the end product, which fu-
els OXPHOS, thus are the two metabolic profiles tightly coupled (Figure 1.2).
Under hypoxic conditions are pyruvate reduced to lactate, by lactate dehydroge-
nase (LDH) in the cytoplasm, before the lactate is excreted into extracellular space
through monocarboxylate transporters (MCTs). While under normal aerobic con-
ditions pyruvate enters mitochondria to be oxidized to acetyl CoA that together
with oxaloacetate starts the tricarboxylic acid (TCA) cycle and OXPHOS, which
can produce 36 ATPs.

Cancer cells takes up glucose at a high rate for glycolysis, but they may change
their metabolic phenotype to adapt to changes in the microenvironment, giving
cancer cells an advantage under unfavorable environment [104]. However, not all
cancer cells primarily rely on glycolysis, some are shown to exhibit an OXPHOS
phenotype [105]. The two colon cancers used in this study also exhibiting different
metabolic phenotype, SW948 are highly dependent on glycolysis, and SW1116 are
more OXPHOS dependent. Excess of glucose could drive cells to a metabolic shift
from oxidative phosphorylation to glycolysis in cancer cells, thereby gaining invasive
and rapid proliferation properties [106].

As shown in this study both GLUT1 and MCT4 exhibiting the opposite gene expres-
sions between the two colon cancer cell lines. Meaning that one cell line upregulates
the genes, while the other cell line downregulates the same gene. In SW948 the
relative expression between physiological glucose and high glucose after culturing
the cells for 48 hours, are significant different for GLUT1 expression. By adding
the stress of an afflicted wound to SW1116 the relative gene expression of MCT4
are significant different. These observations could confirm that these cells do ob-
tain different metabolic profile, and when GLUT1 is upregulated in low glucose for
SW948 it could indicate that the cells obtain its glycolytic profile, while SW1116
being downregulated could indicate that the cells shift to a more glycolytic phe-
notype [107]. The monocarboxylate transporter 4 (MCT4), transport lactate from
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the cytoplasm, and if glycolysis is more active, lactate dehydrogenase A and/or B
(LDHA/B) more rapidly produces lactate. Thus increasing the transporter pro-
tein to remove excess lactate from cytoplasm, while compromised glycolysis induces
OXPHOS [108]. Inhibition of LDHs are reported to reduce ATP levels and accumu-
late reactive oxygen species (ROS) and thereby inducing apoptosis [109]. A study
on inhibitors of LDHs in pancreatic cancer by Maftouh and colleagues, shows that
LDHA increased during anaerobic conditions, while inhibition of LDHA could offer
innovative tool in hypoxic tumors [110]. LDHA experience a decrease in relative
gene expression (RGE) for SW948 cells, and there is a significant different between
the two culturing conditions observed. RGE of LDHA in SW1116 on the other hand
changes the expression with longer culturing conditions, increasing the expression
for the gene. This indicates that SW1116 are more affected by different glucose con-
centrations, compared to SW948. Which indicate that this cells changes to a more
glycolytic pathway due to an increase in LDHA expression, while SW948 most likely
obtain its glycolytic phenotype. The expression of LDHB in SW948 and SW1116 are
opposite of each other, one being upregulated, the other one being downregulated.
Which again support the findings of two different metabolic pathways within these
cells. LDHB gets downregulated after longer culturing for SW948, while the gene
are experiencing an upregulation after longer culturing for SW1116. This could be
due to their metabolic phenotype shifting to address a higher glycose concentration,
by either obtaining a glycolytic or OXPHOS phenotype.

An important part of the oxidative phosphorylation is the electron transport chain
(ETC) where electrons are transferred from electron donors to acceptors in redox re-
actions, which releases energy in as ATP. The reduced form of nicotinamide adenine
dinucleotide (NAD), NADH and succinate (produced by succinyl-CoA synthetase
(SUCLA2) by conversion of Succinyl-CoA) are generated in the TCA cycle, and
oxidized to release energy to power ATP synthase. If SUCLA2 gene are down-
regulated the metabolic balance may be disturbed and increased succinate levels
could be a result, and previous study have suggested a tumor promoting function
[111]. The colon cancer cell lines, SW1116 and SW948, are expressing different lev-
els of SUCLA2. SW948 shows a decreasing level of expression for this gene with
longer culturing, while SW1116 shows an increasing level of expression within the
same culturing time. Kim et al. showed that high glucose levels would lead to a de-
creased TCA cycle, thereby promote glycolysis, and inhibiting alternative metabolic
pathways [112]. Therefore, the increasing in expression of SW1116 could indicate
glycolysis are promoted. Expression of UCP2 appears to be consistent with a more
glycolytic expression in cells, with an increasing glucose concentration ATP produc-
tion would be decreased as a consequence of reduced membrane potential, due to the
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glycolytic phenotype of the cell [113]. The glycolytic SW948 downregulates UCP2
in physiological glucose, thereby an increase in UCP2 expression are observed for
high glucose concentration, indicating that the cells experience a reduction in the
membrane potential and ATP production. Esteves et al. suggest that UCP2 over-
expression are connected to change in their metabolic phenotype, form glycolysis to
oxidative phosphorylation (Figure 1.3) [57].

Development of cancer are due to changes in metabolic programs to sustain the
cancer cells rapid proliferation, changes connected to the Warburg effect, like up-
regulation of glucose uptake and production of lactate [24, 114]. Epithelial to mes-
enchymal transition (EMT) represents a series of alterations and signals due to the
cellular demand from rapid proliferation to survival and metastasis [115]. EMT is
active in embryogenesis and tissue repair, where the epithelial cells acquire mes-
enchymal phenotypes [116]. Pathological EMT occurs when neoplastic epithelial
cells are transition to mesenchymal cell for gaining increased mobility, invasiveness
and apoptotic resistance [117].

The organic cation transporters role is uptake, intracellular inactivation and uri-
nary/binary excretion of endogenous and exogenous substances, like metformin.
OCT1 is also considered as anticancer drug [55]. Metformin diffuse rarely into the
cells, but is actively taken up by OCT1 present on cell surface [118]. Decrease in
metformin treatments for both cell lines, especially for higher metformin treatments
could be explained by higher diffusion rate, thereby lower OCT1 expression. The
glucose condition for SW948 do not express any OCT1, and for SW1116 it is down-
regulated after 48 hour treatment, then it increases after 72 hours treatment. Which
could be a cell response to stress of low glucose over longer periods. A study by
Segal and colleagues in 2011 shows that low OCT1 levels limit metformin activity
in ovarian cancers [118].

Different biomarker are used to demonstrate EMT in cancer (Figure 1.4) . The colon
cancer cell lines shows diverse relative gene expression of E-cadherin and SNAIL,
which again can imply their differences in metabolic profiles. E-cadherin create
interactions between cells and thereby adhesion between epithelial cells [119]. Sup-
pression of this gene may lead to mesenchymal phenotype of the cells by increasing
the cells migration and invasion, thereby inducing metastasis, which are presented
in breast cancer studies[120, 121]. The switch between E-cadherin to N-cadherin
can be used to monitor EMT progress during cancer progression (Figure 1.1). N-
cadherin are not expressed for the two colon cancer cell lines, while expressed in the
fibroblastic, CCD-18Co cell line. Indicate that none of the colon cancer cell lines
are suppressing E-cadherin, thereby they still contains their epithelial phenotype.
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SNAIL and SLUG both represses the expression of the CDH1 gene (encodes for
E-cadherin), thereby inducing EMT. SNAIL induced alteration in the cytoskeletal
associated with metastasis, and is promoted by activation ERK2 in a study related
to breast cancer [122]. SNAIL expression for SW948 are downregulated, while for
SW1116 the expression are upregulated, most likely reasoned by their glycolytic and
OXPHOS profiles, while SLUG are only upregulated for the fibroblastic CCD-18Co
cell line, and not expressed for either of the colon cancer cell lines.

ZEB1 and TWIST1 were also not expressed in SW948 and SW1116, but expressed
in CCD-18Co, with downregulation after 48 hour culturing, before an increased
expression are observed after 72 hours of culturing. ZEB1 proteins are known to
repress E-cadherin expression in breast cancer, thereby inducing EMT [123]. While
TWIST1 homo- or heterodimers can bind to E-box sequences and expression of this
gene are upregulated during cancer metastasis [124, 125].

Prasad and colleagues published an article in 2009 with supporting evidence that
upregulation of Wnt/β-catenin signalling induces EMT [126]. β-catenin are either
located in nucleus or in cytoplasm, the latter reflects its role with E-cadherin. β-
catenin have different relative expression of the epithelial cells (SW948 and SW1116)
compared to CCD-18Co. The epithelial cell shows a decrease in the expression of
β-catenin, while the fibroblast shows an increase in the expression of β-catenin.
Reduction in β-catenin resulted in decreased ZEB1 expression and increased E-
cadherin expression [127]. Vimentin are associated with migratory properties, and
increased expression is a marker for EMT within cancer progression [61]. The VIM
gene are not showing any expression for SW1116 and SW948, and the increased
expression of CCD-18Co does not seem to change due to different growth conditions
or adding of stress related factor by wound healing repair.

AXL receptor tyrosine kinase binds to the vitamin K-dependent ligase Gas6 (growth
arrest-specific 6), presented in Figure 1.5XX. AXL regulate several cellular responses
such as proliferation and cell survival [128]. The gene are upregulated in cell cul-
tured with the added stress of wound healing repair. No expression are observed
in in SW948, while SW1116 expression increases with longer culturing. The fibrob-
lastic cell line shows an increase in expression for both 48 and 72 hours culturing.
Activation of this gene is part of many pathways including, MAP kinases and Akt.
Vajkoczy et al. have shown that inhibition of AXL receptor suppressor growth and
invasion of tumor cells [129].

Survivin belongs to a family known as inhibitor of apoptosis protein (IAP), and has
is important in regulation of apoptosis and cell division. BIRC5 are regulated highest
in G2/M phase in the cell cycle, compared to G2 and S phases, and are normally
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very highly expressed in colon cancer [59]. Transcriptional factors, such as p53 are
investigated to regulate the expression of this gene in many cancers [130]. Both
cancer cell lines expresses this gene with an upregulation after 48 hours conditions,
followed by a downregulation after 72 hours treatment. This could be explained by
limiting glucose levels, affect the cell cycle, and thereby inducing a downregulation
of this gene.

4.5.2 Patient Samples

The RNA extracted from FFPE patient samples were found to be highly degraded
by analyzing a selection of samples with a capillary gel electrophoresis. The RNA
integrity is a concern when doing gene expression, and as shown in this study the
RNA integrity numbers for the samples were low, less than five, which indicates
highly degraded samples. Which led to no or low amplification, even with pre-
amplification of the cDNA. The sample degradation are most likely due to the
fixating with formalin.

Formalin-fixed paraffin-embedded (FFPE) tissue samples are a widely used method
for preservation, due to well maintaining morphological features of tissues and tissue
components. However, formalin often compromises the DNA and RNA integrity by
chemically modifications during the fixation process [131]. N-methylol formations
occurs when formaldehyde reacts with RNA, which form crosslinks between amino
group due to an electrophilic attach, where the primary target are tertiary amino
groups [132]. Crosslinking by formaldehyde and chemical modification of the RNA
are consequences of the fixation of tissue sample, RNA fragmentation may occur
from a number of different sources, like the duration of formalin fixation, which may
be for extensive periods of time (no standard duration of fixation are established),
and storage period at room temperature [131].

4.6 Future Perspectives

The multimarker panel chosen could be able to identify if a patient is of increased
risk to develop cancer and cancer metastasis, thereby increasing the patients chance
of early treatment and possible detection of cancer. A challenge with this panel
was the efficiencies of some markers, especially the efficiency of LDHA, which was
below 80%. A poor efficiency could be due to the marker itself, not being optimal.
LDHA was tested multiple times, with different cell lines and concentrations, but still
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yielded low efficiency, even though the manufacturer promise approximately 100%
PCR efficieny. If the method for calculating relative gene expression was changed
from Livak method [83], to Pfaffl method [133], which corrects for the differences in
efficiencies, the relative gene expression values would be more correct for all markers
used.

Further research could be conducted to study the metabolic alteration in colon
cancer cells with different glucose conditions, by doing different Sahorse tests (Cell
Energy Phenotype Test, Glycolysis Stress Test and/or Mito Stress Test). This can
also can be used to assess the alterations after treating the cells with metformin, or
other drugs.

An interesting research topic related barely touched is the normal (2D) and spheroids
(3D) cells. Growth of cell spheroids are more similar to how the cells would grow
in vivo, since the cells are able to grow in all directions, and not only on a flat (2D)
surface. By doing spheroids with the same culturing conditions and multimarker
panel used in this study, the expression could be more more related to the human
conditions, and may yield interesting findings.

The main challenge with this study was the RNA integrity of the patient mate-
rial. To further investigate the biomarker potential for the genes tested, it would
be necessary to use fresh frozen tissue for RNA extraction. The preliminary anal-
ysis conducted on FFPE samples here in this project clearly shows that RNA is
too degraded in formalin fixed samples to be used for gene expression studies. A
possibility for FFPE fragmented RNA samples is to use miRNA studies instead,
where one could find related miRNA markers to the genes of interest in this project
thereby managing to perform this test.



Chapter 5

Conclusion

Based on the different cell culture assays and on the interpretation of gene expression
analysis it can be concluded that there is a difference in gene expression in low
glucose relative to high glucose for all three different cell lines. The E-cadherin gene
can be used to identify epithelial phenotype, while the related N-cadherin, ZEB1,
TWIST1 and Vimentin can identify genes with a mesenchymal phenotype, which in
the future possible can be used to detect if a patient has an increased risk of cancer
metastasis.

GLUT1, LDHA, and MCT4 yielded significantly upregulation of expression in low
glucose relative to high glucose. All three genes could together be good biomarkers
to determine if an increased dependency on glycolysis as primary energy source,
which often is related to more invasive and rapid growing cells. Increased GLUT1
expression could indicate a more rapid glucose transport through the membrane,
increasing pyruvate concentration in the cells. Increased pyruvate concentration
in the cell could upregulate LDHA, and convert it to lactate acid thereby increas-
ing the acidity within the cell. With accumulation of lactic acid, MCT4 could be
upregulated to transport the excess lactic acid out of the cells.
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Appendix A

Proliferation and Viability

Figure 1: Example of population and viability profile for the different cell lines. a)
SW948, b) SW1116, c) CCD-18Co, obtained with MUSE cell analyzer and MUSE count
and viability kit.
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Wound healing

Measurements (%)
Time High glucose Low glucose
0 h 100 ± 25.10 100 ± 17.81
24 h 75.77 ± 19.65 88.51 ± 15.83
96 h 34.29 ± 20.77 45.09 ± 15.94
∼ 192 h 17.03 ± 7.36 19.37 ± 6.17

(a) SW1116 (P18, P19, P14, n=9)
Measurements (%)

Time High glucose Low glucose
0 h 100 ± 26.65 100 ± 20.20
24 h 86.46 ± 23.87 88.12 ± 18.67
∼ 96 h 58.04 ± 16.48 60.86 ± 13.68
∼ 188 h 42.53 ± 13.65 17.07 ± 6.40

(b) SW948 (P25, P26, P13, n=9)
Measurements (%)

Time High glucose Low glucose
0 h 100 ± 15.35 100 ± 13.86
6 h 95.49 ± 10.10 92.60 ± 10.71
20 h 66.38 ± 17.62 52.06 ± 10.15

(c) CCD-18Co (P16, n=6)

Table 1: Wound healing measurements. Results are normalized to high (4.5 g/L) and
low (1.0 g/L) glucose at 0 hours, a) SW1116, b) SW948, and c) CCD-18Co. Measurements
are obtain by analyzing images with ImageJ (wound healing tool).
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MSI analysis
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Appendix C

Table 2: Average expression stability (M) value and coefficient of variation (CV). Ob-
tained for reference genes over different cell lines used in this study, as well as their mean
values. Calculated with geNorm from qbase+ software.

Cell type Gene M CV% Mean M Mean CV (%)

SW948
RRN 0.394 17.4

0.373 14.8ACTB 0.31 9
HSP 0.414 18.1

SW1116
RRN 0.345 15.3

0.341 13.5ACTB 0.276 7.5
HSP 0.4 17.7

CCD-18Co
RRN 0.465 18.4

0.487 20.1ACTB 0.46 17.2
HSP 0.537 24.9
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Figure 6: Standard curves for SYBR green markers amplification efficiencies (1).
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Figure 7: Standard curves for SYBR green markers amplification efficiencies (2).



APPENDIX D 95

Figure 8: Standard curves for SYBR green markers amplification efficiencies (3).

Figure 9: Standard curves for TaqMan assays amplification efficiencies
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Table 5: Relative gene expression of cell lines after wound healing assay. Mean RGE,
standard deviation and thresholds (3SD above mean) of SW1116 (P18, P19, P14, n=3)
and CCD-18Co (P16, n=3) cultured for in high (4.5 g/L) and low (1.0 g/L) glucose.

SW1116 CCD-18Co
Assay Mean SD Threshold Mean SD Threshold

E-cadherin 3.87E-02 2.22E-01 7.05E-01 N/A N/A N/A
N-cadherin N/A N/A N/A -2.10E-01 1.10E-01 1.21E-01
SNAIL -1.61E-01 6.71E-02 4.03E-02 1.26E-01 3.05E-01 1.04E+00
SLUG N/A N/A N/A -4.31E-02 2.43E-01 6.85E-01
AXL -2.54E-01 1.33E-01 1.46E-01 1.45E-01 1.05E-01 4.59E-01
ZEB1 N/A N/A N/A -9.24E-02 2.08E-01 5.32E-01
TWIST1 N/A N/A N/A 6.41E-02 4.32E-01 1.36E+00
β-catenin -5.26E-03 2.62E-01 7.80E-01 3.34E-02 1.62E-01 5.19E-01
Vimentin N/A N/A N/A 1.20E-01 3.88E-01 1.28E+00
GLUT1 -2.32E-02 3.72E-01 1.09E+00 2.34E-02 1.77E-01 5.53E-01
MCT4 7.62E-01 5.80E-01 2.50E+00 -1.24E-02 6.28E-02 1.76E-01
OCT1 -3.09E-01 2.26E-01 3.68E-01 3.42E-01 9.86E-03 3.71E-01
SUCLA2 4.95E-02 1.22E-01 4.16E-01 1.12E-02 1.54E-01 4.73E-01
LDHA 2.20E-01 6.11E-01 2.05E+00 2.74E-01 5.85E-01 2.03E+00
LDHB -1.45E-01 9.59E-02 1.43E-01 1.31E-01 4.48E-02 2.65E-01
UCP2 -3.93E-01 1.61E-01 9.07E-02 7.56E-02 5.69E-01 1.78E+00
Survivin -2.76E-01 3.86E-01 8.83E-01 2.34E-01 2.61E-01 1.02E+00
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Figure 10: RNA integrity analysis. Result of a 12 RNA extracted from FFPE tissue
sample blocks, 4 of ”good” quality, 4 of ”middle” quality and 4 of ”bad” quality (determined
by NanoDrop measurements).
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