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Abstract

Systemic Sclerosis (SSc) is an autoimmune disorder carrying high morbidity and mortal-
ity. The main prominent finding and distinctive sign of SSc and chronic inflammation is
fibrosis. Fibrosis is characterized by the activation of fibroblasts, accumulation of ECM,
and the infiltration of inflammatory cells. Additionally, inflammation plays a critical
role as an initiator of the progression of the disease. Recent evidence shows that patients
affected by SSc have an upregulation of the S100A4 protein in their skin. The S100A4
protein is secreted at inflammatory sites and has a role in cell motility, autophagy,
invasion, ECM remodeling, and angiogenesis. Under physiological conditions, S100A4
is present inside the cells, but upon exposure to stress or tissue damage, it is released
into the extracellular environment. When extracellularly expressed, S100A4 interacts
with a specific domain of RAGE, promoting MAPK (ERK) phosphorylation and
activation of the transcription factor, NF-xB. This study explores the interaction
between extracellular S100A4 and RAGE by experimental procedures, assuring the
research question: What is the interaction site by which S100A4 binds to RAGE? To
answer this research question, an HCT-116 Dual cell line was transfected to integrate
two plasmids coding for RAGE isoform 1 and RAGE isoform 3, respectively. It was
hypothesized that S100A4 is capable of binding and thereby signaling through a specific
sequence being part of RAGE isoform 1 but not RAGE isoform 3. After establishing
clones expressing RAGE, a SEAP assay was conducted to test the responsiveness of the
cells’ to S100A4. The results showed that both HCT-116 Dual RAGE 1 and HCT-116
Dual RAGE 3 were unresponsive to S1I00A4 being induced. As evidence suggests the
opposite, further research is needed to fully understand the mechanism by which S100A4
interacts and binds to RAGE.
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1 Abbreviations

DAMP - Damage-associated molecular patterns

DNA - Deoxyribonucleic acid

ECM - Extracellular matrix

GFP - Green fluorescent protein

GOI - Gene of interest

MAPK (ERK) - Mitogen-activated protein kinase, extracellular signal-regulated kinase
mCherry - Red fluorescent protein

MEK - Mitogen-activated protein kinase kinase

NF-«B - Nuclear factor kappa B

PRR - Pattern recognition receptor

RAF - Rapidly accelerated fibrosacroma

RAGE - Receptor for Advanced Glycation Endproducts
RAS - Rat sarcoma virus

SEAP - Secreted embryonic alkaline phosphate

SSc - Systemic Sclerosis/Scleroderma

TGFfS - Transforming growth factor



2 Introduction

Systemic sclerosis (SSc) is an autoimmune disease that attacks and damages healthy
tissue, resulting in high collagen production and therefore physical changes in the skin’s
texture and appearance. Thus, negatively influencing many parts of the human body.
Fibrosis is a pathological feature of the inflammatory disease that leads to scarring of
the skin and internal organs, causing severe and at times life-threatening complications
in patients with SSc. According to an article written by Dr. Allanore, et. al., 2015 [1]:

“Intractable progression of wvascular and fibrotic organ damage accounts for chronic
morbidity and high mortality. ” [1].

The progression of successful fibrosis treatments has been found to be quite chal-
lenging. Fibrosis arises from inflammation and extracellular matrix (ECM) formation,
which are important components of the body’s reaction to injury and the healing
process. For efficient treatment, therapy needs to address pathological inflammation
and ECM production without interfering with the normal process of wound healing
and matrix turnover; which is yet to be achieved [6]. In recent years, scientists
discovered that S100A4, a damage-associated molecular pattern (DAMP) molecule,
may play a significant role in fibrotic diseases and researchers have identified S100A4
as a potential therapeutic target [9]. S100A4 is released during inflammation and
promotes ECM remodeling, contributing to fibrosis development, which becomes
pathological under chronic inflammation [6, 9]. S100A4 is acting through different
receptors, including Receptor for Advanced Glycation Endproducts (RAGE) and
mediates downstream signaling through the RAS-RAF-MEK-ERK (MAPK(ERK))
pathway [26]. Therefore, being the aim of this project to investigate the interaction be-
tween S100A4 and RAGE in order to gain a deeper knowledge of the function of S100A4.

Thus, ensuring the research question of this project:
What is the interaction site by which S100A4 binds to RAGE?

Accordingly, the hypothesis is:
S100A4 is capable of binding and thereby signaling through a specific sequence being part
of RAGE isoform 1 but not RAGE isoform 3.

To investigate if the sequence on RAGE isoform 1 is required for S100A4 binding, two
plasmids encoding for RAGE isoform 1 (Plasmid M61) and RAGE isoform 3 (Plasmid
MS83), respectively, will be integrated into the genome of HCT-116 Dual cells by
transfection to establish two different RAGE-expressing cell lines. Thereafter, a secreted
embryonic alkaline phosphate (SEAP) reporter assay will be conducted to test if the
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RAGE-expressing cell lines have become responsive to S100A4 by measuring SEAP
activity. HCT-116 Dual cells harboring RAGE isoform 1 are hypothesized to become
responsive to S100A4, whereas HCT-116 Dual cells harboring RAGE isoform 3 should
not be responsive to S100A4 due to RAGE isoform 3 lacking the putative sequence for
S100A4 binding.
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3 Background

In order to understand the development of the disease, SSc, further detail of the complex
cellular and molecular mechanisms that underlie fibrosis in SSc is required.

3.1 Systemic sclerosis

SSc, or scleroderma, is an autoimmune disorder, meaning that the body is attacked by
its immune system. In more detail, the immune system mistakenly targets and destroys
the healthy tissue assuming that it is an infection. For SSec, this results in increased
collagen production and thus, in physical changes in the skin’s texture and appearance
[2]. However, it may also negatively affect the blood vessels, digestive tract, and internal
organs. Even though there is not any cure for SSc, some treatments are available so
that patients can have a better quality of life with slow progression of the disease and
easier symptoms [3|. In short, inflammation and fibrosis play crucial roles in SSc and
lead to severe damage and failure of multiple organs including the skin, joints, lungs,
heart, tendons, gastrointestinal tract, blood vessels, and kidneys. Hence, the disease
can cause several health issues and even become life-threatening [4].

3.2 Inflammation

SSc is a cause of chronic inflammation, leading to progressive fibrosis of the skin and
internal organs. In order to fully comprehend the components that entail symptoms
caused by autoimmunity, a closer look at the inflammatory responses is required.

When epithelial and endothelial cells are damaged due to autoimmunity, they release
inflammatory mediators that activate an antifibrinolytic coagulation cascade, which
initiates blood-clot production and formation of provisional ECM [5]. It has been found
that continuous inflammatory trigger is crucial for the activation of the wound-healing
mechanism that leads to fibrosis. Thus, disposal of the inflammatory trigger is the most
straightforward way to reduce and eventually stop the progression of tissue remodelling.
Allowing the normal tissue structure to be restored after injury, since, proper wound
healing first occurs when inflammation is controlled [6].

3.2.1 Cytokines and Growth factors

The cause of SSc remains unknown, however, the production of growth factors,
specifically cytokine production and release, has been observed to be a vital trigger of
immune response and autoantibody production, collectively leading to microvascular
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damage, inflammation, and fibrosis |7].

Growth Factors are protein molecules produced by the body that promote cell growth
by mitogen production and function as regulators of cell division and cell survival. They
attach to receptors on the cell surface, causing cellular proliferation and/or differen-
tiation when activated [8]. The subtype of growth factors, cytokines, cover multiple
proteins and peptides that act as mediators under the immune response. Cytokines
thereby inflect functional activities of tissues or cells under normal or pathological
conditions [7].

An example of an important cytokine involved in inflammation and fibrosis is the
transforming growth factor-beta (TGF-3), a type of cytokine that controls cellular
differentiation, proliferation, and other functions in most cells. TGF-£ is a central
mediator of fibrosis and acts as a growth factor that controls cellular differentiation and
stimulation of fibroblasts into myofibroblasts [51].

3.2.2 DAMPs and their interaction with PRRs

Upon tissue injury or cellular stress during inflammation, DAMPs molecules are released
and play an important role in the pathogenesis of autoimmune diseases such as SSc [10].

DAMPs are considered endogenous danger signals triggering the innate immune system
to produce a potent inflammatory response during non-infectious inflammation. During
inflammation, DAMPs are either released into the extracellular space or intracellular
space by a stimulus, thereby originating from different sources, including both intra-
cellular proteins and extracellular proteins [10]. When secreted to the extracellular
space, DAMPs bind to immune cells by specific receptors and consequently facilitate the
activating of innate immunity, cell differentiation, death, or the release of inflammatory
mediators, thus amplifying the inflammatory response [9].

The activation of the innate immune system occurs through DAMPs interacting with
pattern recognition receptors (PRRs). PRRs are crucial components of the innate
immune system. The main function of PRRs is to recognize microbes or tissue damage
by interacting with molecules such as DAMPs, and initiate inflammatory signaling
pathways to induce innate immunity. In addition, DAMP-PRR interaction leads to the
release of inflammatory cytokines [10].
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3.2.3 RAGE

One receptor being categorized as a PRR is RAGE, because of its ability to bind to a
large variety of ligands [11]. It is characterized by having multifarious isoforms [28|.

RAGE is identified as a transmembrane, multiligand, and more specifically a DAMP
receptor, and is a binding site for a wide range of ligands such as different DAMPs,
including some S100 proteins [12]. When ligands bind to RAGE on endothelial cells,
smooth muscle cells, monocytes, and macrophages, it activates several different signaling
pathways. The cell response is heterogeneous, depending on the specific ligand and cell
type involved in the interaction [13].

The inflammatory response that DAMP-RAGE interaction entails ranges from high to
none. The DAMPs that have been found more effective in RAGE activation are the
ones capable of oligomerization. Oligomers of ligands are capable of recruiting RAGE
receptors and inducing their congregation on the cell surface [11].

3.2.3.1 RAGE: Chemical structure and mechanism

A mature RAGE consists of an extracellular part, containing 314 amino acids, a
transmembrane spanning helix, which consists of 27 amino acids, and a short cytosolic
domain, containing 41 amino acids. A mature RAGE thereby entails a total of 382
amino acids. Furthermore, it should be noted that RAGE forms oligomers on the
surface of the cell [28].

The transmembrane form of RAGE contains both intracellular and extracellular do-
mains. The intracellular domain is necessary for both the interactions with cytoplasmic
proteins, as well as multifarious forms of RAGE signaling, including the activation of
the MAPK (ERK) signaling pathway and the nuclear factor kappa B (NF-xB) [40].

A multiligand RAGE receptor consists of three extracellular domains: V1, containing
an N- terminal, C1, and C2 (see figure 1, p. 16). The V-type domain is considered to
be essential for ligand binding, and C-type domains play a crucial role in stabilizing the
V-domain. RAGE binds a variety of ligands and displays a preference for aggregation-
prone ligands as well as those undergoing post-translational modification. Furthermore,
the RAGE receptor serves as a scaffold for the initiation of signal transduction. RAGE
is attached and secured to the cell membrane by its transmembrane domain. As a
result of RAGE-ligand interaction, a cascade of metabolic changes is induced, causing
alterations in the expression of key cell proteins and contributing to the production of
inflammatory cytokines [41].
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3.3 Fibrosis

Fibrosis is a prominent pathological finding and a distinctive sign or consequence of SSc
and chronic inflammation [16].

In fibrosis, various tissues become overgrown, hardened, and scarred due to excess
collagen deposition in the ECM. The basic mechanisms of fibrogenic responses show
similarities to normal wound healing, however, the wound healing process has gone
awry, in which cells producing ECM become overly active, thereby forming excess ECM,
causing substantial scar formation and resulting in an architectural remodeling process
in all tissues and organs [17].

In most cases, fibrosis is initiated by cell death that is driven by various injurious agents
and mechanisms. Damage to the tissue triggers an inflammatory response in which local
immune cells, primarily macrophages, become activated and diverse sets of blood cells
enter the injured areas [17]. The activated local immune cells produce a large variety of
growth factors and cytokines such as TGF-. These cytokines convert the epithelial and
endothelial cells in the organs into fibroblasts via their receptors on the cell membrane,
leading to the activation of the epithelial and endothelial cells. These activated cells
cause the production of collagen and ECM, resulting in the formation of fibrosis [18].
Furthermore, these components can regulate the development of fibrosis and may be
therapeutic targets for the treatment of fibrosis [19].

To summarize, there are two major contributors to fibrosis, the activation of epithelial
and endothelial cells by cytokines, and the deposition of a large amount of ECM
molecules.

3.3.1 Fibroblasts and myofibroblasts

Fibroblasts are the most prevalent type of connective tissue cells [21], and the main
source of the production of ECM components, primarily collagen. Fibroblasts release
and regulate cytokines in response to changes like a mechanical stretch, which can
result in increased TGF-f production [20]. Furthermore, these cells produce many
ECM structural proteins, adhesive proteins, and ground substances, all of which are
fundamental to maintaining the ECM. Fibroblasts also play an essential role in wound
healing, inflammation, angiogenesis, and pathological and physiological tissue fibrosis
[21]. By definition, angiogenesis is the formation of new blood vessels, which is a process
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that is strongly associated with pulmonary fibrosis that can develop into organ fibrosis [9].

Fibroblasts can be activated to form myofibroblasts by differentiation (see figure 1, p.
16) [19]. These cells are involved in the inflammatory response to injury, where they
serve to condense the size of wounds [23]. Hence, these cells only appear after cardiac
injury and are not present in healthy cardiac tissues [20]. Upon injury, myofibroblasts
will migrate to the site of injury, where they initiate cytokine production, thereby
amplifying the inflammatory response [18]. The activation of fibroblasts is therefore
vital in wound healing, however, in some cases, their activation becomes uncontrolled,
resulting in a pathological fibrotic response as seen in patients with SSc [19].

3.3.2 Extracellular matrix

Chronic inflammation and repair can trigger a disproportionate accumulation of ECM
components, which leads to the formation of an enduring fibrotic scar [5]. The ECM
thereby plays a vital role in fibrosis.

The ECM is a dynamic network composed of an arrangement of multidomain macro-
molecules organized in a cell/tissue-distinct manner. Components of the ECM join
together to form a structurally stable compound, contributing to the mechanical
properties of tissues. Additionally, growth factors and bioactive substances are also
stored in the ECM. It holds a major role and is of vital importance in determining
and controlling the most essential roles and characteristics of cells such as proliferation,
adhesion, migration, polarity, differentiation, and apoptosis [25].

The ECM’s biochemical characteristics allow cells to sense and interact with their
extracellular environment through a variety of signal transduction pathways. The
chemical cues are provided by ECM components, especially the adhesive proteins such
as fibronectin, integrin, and non-integrin receptors, along with growth factors and
associated signaling molecules [25].

The ECM consists of many components, including an array of different types of proteins,
collagen being one of the most significant [58].

Collagen is the main structural protein in the ECM. It provides tensile strength,
balances cell adhesion, supports chemotaxis and migration, and directs tissue develop-
ment. Collagens are thereby a way to quantify the balance between the formation and
degradation of tissue which is of relevance when dealing with SSc [58].
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3.4 S100A4

A compound having a notable effect in driving fibrosis is S100A4 [26]. The protein
S100A4, also known as fibroblast-specific protein 1, is included in the S100 family of
small calcium-binding proteins and is a multi-receptor ligand [9, 26]. In humans, this
protein is encoded by the S100A4 gene. As part of its biological functions, S100A4
plays a role in angiogenesis, cell differentiation, apoptosis, motility, and invasion. Under
different pathological conditions, S100A4 can also trigger inflammatory processes and
promote the release of cytokines and growth factors. S100A4 exhibits both intracellular
and extracellular activities [26].

3.4.1 Intracellular functions of S100A4

The expression of intracellular SI00A4 is associated with healthy conditions. The S100A4
gene expression contributes to cell migration, apoptosis, and stemness maintenance. The
vast majority of the protein in the cell is found within the cytoplasm, although some are
also found in the nucleus [26].

3.4.2 Extracellular function of S100A4

In case of stress or tissue damage, S100A4 is secreted by the cell via diffusion. In
the extracellular environment, S100A4 stimulates inflammatory processes and causes
various molecules to be produced, such as cytokines, growth factors, and ECM proteins.
Regarding S100A4’s influence on immune regulation, its extracellular activity is of
particular importance, as the extracellular form of S100A4 is known to activate pro-
inflammatory pathways and is an established stimulator of cytokine production. Thus,
there is a dual effect of the extracellular function of S1I00A4 in immune cells. Firstly, it
affects the differentiation of immune cells of the innate and adaptive immune system,
and secondly, it activates these cells to produce a variety of cytokines. Cytokines
are secreted as a result of cells from the innate and adaptive immune systems being
activated by S100A4 [26]. Hence, the web of cytokines is responsible for the regulation
of the immune response [9].

Furthermore, the S100A4 protein is being considered an effective DAMP protein by
studying its extracellular oligomeric form, its specific cell surface receptors (RAGE,
Toll-like receptor 4, Epidermal growth factor receptor), and its high affinity to activate
pro-inflammatory pathways [9, 26].
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3.4.3 Interaction of S100A4 with RAGE

S100A4 is an important modulator of cellular motility through its interaction with
RAGE and leads to the modulation of vascular smooth muscle cells, thyroid and colon
cancer cells through MAPK (ERK) signaling, and hypoxia. Current findings indicate
that S100A4 binds to the hydrophobic region on the V1 domain of RAGE. In a recent
study, data presented demonstrated that both extracellular treatment and intracellular
overexpression of S100A4 can cause RAGE-dependent inhibition of autophagy via the
p-catenin pathway [26]. During autophagy, unnecessary or dysfunctional components
of the cell are removed. As a result, cellular components are degraded and recycled in
a controlled manner. Furthermore, autophagy dysregulation has now been recognized
as a factor in the progression of fibrosis [9]. The same study also indicated that the
angiogenic activity of SI00A4 is mediated through S100A4’s interaction with RAGE
[26]. In inflammatory diseases, the response to normal pathological stimuli is enhanced
in respect to promoting angiogenesis, which is a required part of inflammatory processes
and may contribute to tissue growth [29].

Furthermore, researchers have verified that extracellular SI00A4 interacting with RAGE,
promotes MAPK (ERK) phosphorylation and activates the NF-xB axis. Indirectly and
directly, activation of NF-xB leads to the release of pro-fibrogenic and pro-proliferative
factors, which lead to the development of fibrosis [9].

3.5 NF-xB and MAPK (ERK)

In order to fathom the downstream effect of SI00A4 binding to RAGE, an understanding
of both the MAPK (ERK) signaling pathway, as well as NF-xB is necessary (see figure
1, p. 16).

The MAPK (ERK) pathway is composed of a small guanine nucleotide-binding protein
(RAS) and three protein kinases (RAF, MEK, ERK). Kinases are enzymes that
catalyse the transfer of phosphate groups from donor molecules to acceptor molecules.
The MAPK (ERK) pathway is initiated by the binding of a ligand to a cell surface
receptor. The binding allows for a RAS protein, a small GTPase, to swap a guanosine
diphosphate (GDP) molecule for a guanosine triphosphate (GTP) molecule, flipping the
“on/off switch” of the pathway. During RAS’s active state, it activates a protein kinase
known as a mitogen-activated kinase kinase kinase (MAPKKK), also known as RAF [30].

RAF (MAPKKK), a cytosolic protein kinase, facilitates the phosphorylation of

the second protein kinase in the cascade, known as MEK (MAPKK). MEK has a
dual-specificity for tyrosine and serine/threonine residues, a function critical for the
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activation of the final enzyme in the cascade, and ERK (MAPK). To activate ERK,
double phosphorylation of a tyrosine residue and an almost-adjacent threonine residue
is required. As a result, ERK is able to function as an enzyme and translocate to the
nucleus, where it phosphorylates and activates transcription factors [30].

A transcription factor activated by the MAPK (ERK) signaling pathway is NF-xB.
NF-kB is a family of inducible transcription factors that are known to regulate a
number of genes involved in various immune and inflammatory responses. Post
activation, NF-xB enters the nucleus and initiates gene expression which induces the
transcription of various genes, hence NF-xB becomes a regulator of inflammation.
Accordingly, NF-xB targets genes involved in the progression and development of
inflammation.  Furthermore, the expression of numerous pro-inflammatory genes
that NF-skB induces, includes those encoding for chemokines and cytokines [31].
Thus, NF-xB mediates the upregulation of pro-inflammatory cytokines [32]. NF-xB
also targets inflammation by regulating cell proliferation, apoptosis, morphogenesis -
a biological process that generates tissue organization, shape, and differentiation [27, 31].

An example is the innate immune cells that are regulated by NF-xB. Innate immune
cells express PRRs, like RAGE, which recognizes DAMPs, like S100A4. An important
signaling event in PRRs is the activation of the canonical NF-xB pathway, whose
transcriptional activation is responsible for inflammatory cytokines, chemokines, and
other mediators in various innate immune cells [31]. Under normal conditions, NF-xB
gets activated in cells by receiving the appropriate stimuli, and in response to its
activation, it upregulates the transcription of its target genes. After a series of
regulatory mechanisms, NF-xB returns to an inactive state, hence it being an inducible
transcription factor. The activation of NF-xB may be impaired by different types of
molecular alterations. This may result in dysregulated expression of genes controlled
by NF-xB, including genes that regulate apoptosis, cell cycle control, adhesion, or
migration [33]. Consequently, dysregulated NF-xB activation is associated with playing
a vital role in the pathogenesis of several inflammatory diseases, including SSc [31].
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Figure 1: Fibroblasts are differentiated into myofibroblasts, and S100A4 is secreted out by the cells to the
extracellular space. The binding of S100A/ to RAGE initiates the MAPK (ERK) pathway, which consists
of the phosphorylation of various compounds. The MAPK (ERK) cascade ends with the transcription
factor, NF-kB, being activated and entering the nucleus, where NF-xB initiates gene expression. As a
concluding point, figure 1 provides a visual summarization corresponding to the cascade of events that
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occur in people suffering from fibrosis. This figure was created in BioRender, inspired by [9] and [12].
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4 Methodology

The major aim of the following experimental procedures is to integrate a deoxyribonu-
cleic acid (DNA) fragment, called a plasmid, into the genome of HCT-116 Dual cells to
investigate a gene of interest (GOI), which is RAGE. The transfected cells are used to
investigate the interaction between S100A4 and RAGE by testing the ability of SI00A4
to bind to two different isoforms of RAGE: RAGE isoform 1 and RAGE isoform 3,
respectively.

In order to fathom the procedures done during the experiments, certain background
knowledge of the methods in hand is needed.

4.0.1 Cell line

A cell line is a culture of cells that is permanently established [34]. Permanently
established cells are defined as being unable to differentiate in postnatal life, meaning
that they neither reproduce nor transform into other cells [67]. These cells can thus be
cultured for an unlimited period of time, granted that the ideal medium and space are
provided [34]. Cell lines are normally used for studies and laboratory work in the field of
biology. There are various advantages to utilising cell lines, including cost-effectiveness,
ease of use, the large number of data that can be produced due to the endless supply
of material, and the ability to avoid ethical difficulties related to the use of animal and
human tissue [35].

For the purpose of the project research, HCT-116 Dual cells, adherent epithelial
cells that are derived from human colon cancer, will be used. The cell line has high
transfection efficiency and it does not contain either RAGE or Toll-like receptor 4.
When creating an artificial system by transfection to study a particular gene, it is
beneficial not to have many other factors interacting. Therefore, it is favorable that the
basal/endogenous levels of RAGE and Toll-like receptor 4 are low or absent, to avoid
these factors interacting with S100A4 and thereby contributing to the signaling. By
these parameters, it becomes easier to interpret the results because it can be trusted
to a certain extent that the effect comes from the integrated RAGE. On the contrary,
if the cells have had high endogenous levels of RAGE, it would not have been possible
to distinguish whether S100A4 signals through the endogenous RAGE or the integrated
RAGE [53].

By means of the mentioned, this cell line was chosen to be utilised to study the
interaction between S100A4 and the integrated RAGE.
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4.0.2 Transfection

Transfection refers to the process of artificially introducing foreign nucleic acids [either
DNA or ribonucleic acid (RNA)]| into cells, utilising means other than viral infection.
Transfection is therefore a powerful analytical tool used to alter the expression and
properties of cells by altering the host genome, allowing the study of gene function and
protein expression or blockage in the context of the cell. By this method, a particular
cell population with a more uniform level of gene expression is established, creating a
system that can be utilised during long-term experimental work. However, it is of great
importance that the nuclear material is not only introduced in the cell but also delivered
to the nucleus to be integrated into the host genome when creating a stable cell line.
Furthermore, to select the stable clones expressing the GOI, a positive biomarker, such
as an antibiotic, can be utilised. In addition, introducing proteins into cells with easily
detectable markers and other alterations allows researchers to investigate promoter and
enhancer sequences as well as protein-protein interactions. Thus, the main purpose of
transfection is to specifically enhance or inhibit gene expression in transfected cells.
For that reason, the technique can be applied to study a variety of things such as the
function and regulation of genes or gene products for producing transgenic organisms,
and as a method for gene therapy [37, 38].

4.0.3 Plasmids

The two plasmid codings for the two RAGE isoforms are:
e A0070-M61: RAGE Isoform 1 — Green fluorescent protein (GFP)

o A2189-M83: RAGE Isoform 3 — Red fluorescent protein (mCherry)
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Figure 2: The left side illustrates the plasmid coding for RAGE isoform 1, and it is suspected to have a
binding site for the S100A4 protein. The plasmid contains the reporter gene, GEP, and the NeoR/KanR
antibiotic-resistant gene. On the right, the plasmid coding for RAGE isoform 8 is presented, and it is
suspected not to have a binding site for the S100A4 protein. The plasmid contains mCherry and the

antibiotic-resistant gene, NeoR/KanR.

4.0.4 Reporter Genes

Reporter genes are genes used in biological research to allow researchers to see when a
GOl is expressed in cells. Reporter genes produce products that can be readily detected
after transfection and can serve as markers for successfully transfected cells, as a means
of regulating gene expression, or as a method for standardizing transfection efficiency
[37]. In this study, there is one reporter gene per plasmid of interest.

GFP is the reporter gene expressed in the plasmid coding for RAGE isoform 1, the
plasmid with a suspected binding-site for S100A4. Using DNA recombinant technology,
the GFP gene is combined with the GOI, through insertion of GFP into the DNA
sequence by attaching it downstream to the promoter. A cell can thereby be transformed
with this newly created GFP-tagged DNA and studied for gene expression. Since both
the GOI as well as GFP are on the same piece of DNA, they will be transcribed together
into mRNA. When the RNA is translated into protein, it will contain both GFP and
GOI. Therefore, detecting the presence of the gene would be simple, since GFP is
reporting it. If the cell fluoresces green under a fluorescence microscope, the GOI is also

supposedly being expressed [54].

mCherry is the reporter gene used in the other plasmid coding for RAGE isoform

19

395

400

405

410



3, the plasmid with no suspected binding site for S1I00A4. mCherry is a fluorescent
protein, which functions the same way as GFP, but fluoresces red under a fluorescence
microscope instead [55].

The purpose of reporter genes is, therefore, to be able to identify cells that have had the
plasmid inserted by transfection. In this way, the clones, groups of cells that contain
the plasmid, can be isolated [38].

SEAP is a reporter commonly used to study promoter activity or gene expression. Due
to alkaline phosphatases usually being membrane-bound, they are not secreted. This re-
combinant reporter gene can be constitutively expressed and dynamically released from
transfected cells [38]. SEAP serum assay has been used in measuring promoter and tran-
scription factors activation and inhibition [59]. In this study, SEAP is the reporter gene
for stimulating RAGE. The HCT-116 Dual cell line has been modified from Invivogen,
thus the cells express SEAP. Provided that RAGE is expressed and sits in the cell mem-
brane, certain ligands, substances that work through RAGE, as S100A4 should give a
stimulus in the cell to initiate the MAPK (ERK) cascade that activates NF-xB, thereby
initiating the expression of SEAP. SEAP is the reporter gene that specifically expresses
if a ligand initiates the NF-xB pathway, which S100A4 does. SEAP is only activated in
case of sufficient stimulation of RAGE because RAGE is the upstream receptor to the
NF-xB pathway. Hence, SEAP is used to detect whether S100A4 has been able to bind
to RAGE or not. SEAP is detected by giving the cells a specific medium, called HEK de-
tection, that contains a substract that SEAP hydrolyses to produce a purple/blue colour
that can be easily detected with the naked eye or measured with a spectrophotometer
[57, 59].
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5 Materials and methods

5.1 Cell cultures

HCT-116 Dual cells (HCT-116 Dual. Invitrogen. Cat. No. hctd-nfis) were cultivated
in Dulbecco’s modified Eagle’s Medium (DMEM) containing 4500 mg/1 glucose (Ther-
moFisher. Cat. No. 31966-021) supplemented with 10% Fetal Bovine Serum (FBS)
(ThermoFisher. Cat. No. A3840402) and 1% penicillin streptomycin (Pen-strep)
(ThermoFisher. Cat. No. 15140-122) as well as 10ug/ml Blasticidin (Invovogen. Cat.
No. ant-bl-1) and 100ug/ml Zeocin (ThermoFisher. Cat. No. R250-01) and incubated
at 37.5°C in a humidified atmosphere of 5% CO, in T75 flasks. Blasticidin and Zeocin
are used for maintaining the SEAP activity in the HCT-116 Dual cells. The cells were
sub cultivated twice a week. Media was removed by aspiration and the cells were washed
once with 10 mL of Dulbecco’s phosphate-buffered saline (DPBS) modified without
Ca?*T and Mg*T (Gibco. Cat. No. 14190-144) to remove dead cells, waste compounds,
etc. The cells were trypsinized with TrypLE (ThermoFisher. Cat. No. 12604013)
solution, which is an enzyme that facilitates the detachment of cells from the bottom of
the plate. In order for the enzyme to catalyse the detachment of the cells, the T75 flasks
were incubated at 37.5°C in a humidified atmosphere of 5% CO, in order to fasten the
procedure. When the cells have become detached, they are resuspended in 5 ml DMEM
media supplemented with FBS, Pen-strep as well as the two antibiotics (Blasticidin and
Zeocin). The cells were resuspended by the use of a serological pipette to obtain a single
cell suspension.

Then 1 — 1.5 % 10° cells were then transferred to a new T75 flasks for further cultivation
with 12 mL medium per plate.

5.2 Transfection

Day 1: 800 000 cells are seeded per well in a 6 well plate and incubated at 37.5 °C in a
humidified atmosphere of 5% C'Oy overnight.

Day 2: In this part of the experiment, 2.5 pug DNA is firstly diluted into 125 pul
Opti-MEM (ThermoFisher. Cat. No. 31985-070). The DNA/ Opti-MEM mixture is
then incubated at room temperature for 5 minutes. 10ul of the transfection reagent,
Endofectin (GeneCopoeia. Cat. No. EF013/EF014) is diluted in 115ul Opti-MEM.
Using Endofectin as a transfection reagent allows the plasmids to enter the cells through
the cell membrane. The diluted transfection reagent is then combined with the diluted
DNA, thereby obtaining a 250 ul. DNA-transfection mixture. A transfection mixture
was prepared for each plasmid: one mixture containing the plasmid coding for RAGE
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isoform 1, and one mixture containing the plasmid coding for RAGE isoform 3. The
DNA-transfection mixture for each plasmid is then incubated for 20 minutes, allowing
DNA-transfection reagent complexes to form. The DNA-transfection reagent complexes
are then added drop by drop directly into the cell culture medium. The cells are then
incubated overnight at 37.5 °C in 5% COs.

Day 3: The cells are washed twice with 4 mL DPBS without Ca?* and Mg?™ (Gibco.
Cat. No. 14190-144), whereafter the cells are detached from the bottom of the 6 well
plate by utilising 200 uL trypsin (TrypsinLE solution. Gibco. Cat. No 12604-013),
followed by incubating the plate at 37.5 °C in 5% CO,. The cells are then resuspended
until they have a single cell suspension and 2 mL of the mixture containing cells is
added to a 10 cm cell culture dish. 10ul of DPBS without Ca?* and Mg** is then added
to the culture plate. The culture plate is incubated overnight in order to let the cells
adhere to the bottom of the plate.

Day 4: The old medium is removed, and then a new medium, containing selective
antibiotics (1 mg/ml G418 (neomycin)) is added to the culture plates, in order to kill
the untransfected cells.

The selection was continued over four weeks, where the medium was changed 3x per
week during the first couple of weeks, and 2x per week during the remaining time.

5.3 SEAP assay

HEK detection (Invivogen. Cat. No. hb-det2) is a cell culture medium utilised as a
method to observe SEAP expression. HEK detection contains a substrate that SEAP
hydrolyses to produce a purple/blue colour that can be easily detected with the naked
eye or measured at an optical density (OD) of 620 nm with a spectrophotometer.
Detection of SEAP, therefore, occurs as the reporter protein is secreted by the cells
grown in HEK detection. One of the advantages of the secretion of SEAP is the fact
that it allows the determination of reporter protein activity without disturbing the cells
[56].

SEAP procedure

Before starting the test, it had to be checked that the cells were around 70-80%
confluent. After making sure that the cells were at the correct confluency, the positive
control Interleukin 1 beta (IL-15 (Sigma. Cat. No. SRP6169)) and the test samples in
DPBS (with Ca®>*/Mg*t) corresponding to 10x higher than the working concentration
were diluted. The samples were diluted 1:10 when adding the cell suspension. To
continue, 20 ul of test samples, positive control, and DPBS modified with Ca*/Mg?*
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(as vehicle control) were added per well in the 96-well plate (ThermoFisher. Cat. No
167008) in triplicates. The 96-well plate was then incubated at 37.5 °C for 15 minutes
while the cells were being prepared.

A HCT-116-Dual cell (Invivogen, Cat No. hctd-nfis) suspension was prepared by
gently rinsing the cells once with DPBS without C'a®™ /M g?*, whereafter the cells were
detached by incubating them with 1 ml trypsin at 37.5 °C for 2-3 min. To further ensure
the detachment of the cells, the flask containing the cells was tapped. Furthermore,
3 ml DPBS without Ca?*/Mg?** was added and cell clumps dissociated by carefully
pipetting up and down. Cells were counted by utilising a hemocytometer and a cell
suspension was prepared at ~ 140.000 cells/ml in HEK Detection corresponding to
~ 25.000 cells/well. HEK detection was prepared by dissolving the contents of one
pouch of HEK-Blue™ Detection (Invivogen. Cat. No hb-det2) with 50 ml of Ultrapure
Water (ThermoFisher. Cat. No. 10977-035). To finalize the procedure, 180 ul of cell
suspension (~ 25.000 cells) were added per well simultaneously with induction using
S100A4-Multimer (5 pg/ml (Arxx produced batch)) and IL-15 (0.62-16.6 ng/ml) in
three biological replicates and the plate was incubated at 37.5 °C in 5% CO, for 24h.
S100A4-Multimer and IL-13 were diluted in DPBS with Ca?*/Mg** (for raw data see
appendix 11.2). After incubation at 37.5 °C, the expression of SEAP could be observed
with the naked eye and the OD of the samples was measured at a wavelength of 620 nm
using a spectrophotometer.

The same procedure was repeated utilising the established polyclonal cell populations
from the transfection procedure, the cells coding for RAGE isoform 1 and RAGE
isoform 3. Once more, 25.000 cells were seated per well simultaneously with induction
using S100A4-Multimer (1.25 pg/ml) and S100A4-Multimer (5 pug/ml), and the positive
control of NF-xB, IL-18 (0.62-16.6 ng/ml), to test the responsiveness of the cells to
S100A4.
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6 Results

Having executed all the needed procedures for the experiment, the following results
were obtained and analyzed.

6.1 SEAP assay

Prior to transfection of HCT-116 Dual cells, it is of importance to ensure that cells
are not being responsive to S100A4. Hence, the HCT-116 Dual cells were used in the
SEAP assay in order to test their responsiveness to S100A4 prior to modifying the cells
to express RAGE, by measuring SEAP expression. In addition, this SEAP assay was
conducted to investigate the stimulation of NF-xB using I1.-15 as a positive control.

00.003

control
1 00.002

00.002

00.001

00.001 I
00.000 = -

$100A41.25 IL-1B0.62 ng/ml IL-1B 1.85 ng/ml IL-1B 5.55 ng/ml IL-1B 16.6 ng/ml
pg/ml

1 > N
S100A4 5 pg/r

P AT A

=620nm

oD

3B) -00.001

Figure 3: 25.000 cells were seated per well simultaneously with induction using S100A4-Multimer (5
wg/ml) and IL-13 (0.62-16.6 ng/ml) in three biological replicates (for calculations see appendiz 11.2).
The cells were stimulated 24h, 37.5 °C, 5% COs. 8A) A visual impression of the results from the SEAP
assay. 3B) A graphical presentation of the result based on absorbance measurements, OD = 620 nm.
Error bars indicated standard deviations based on N=3 (for raw data see appendiz 11.1).

The results for the SEAP assay of the cells are illustrated in figure 3A. The first three
wells are used as blank (vehicle control) for the experiment and contain uninduced cells.
As seen with the naked eye, the vehicle control for the experiment resulted in no colour
change, confirming that cells that have not been stimulated with a ligand that activates
the NF-xB pathway, can not induce the production of SEAP.

The following line of wells accommodate the S1I00A4 protein. There appeared to be no
colour development in the wells, ensuring that the cells do not respond to S100A4.
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The following 3 % 4 wells contained a ranging concentration of the positive control,
IL-15, which is a known initiator of the NF-xB pathway that expresses SEAP if
activated. The outcome was that the substrate turned into a purple/blue colour.
The colour development of the positive controls ranges alongside the concentration
of IL-15 - higher concentration of IL-15 lead to a higher development of colour as a
consequence of SEAP hydrolysing the substrate in the HEK detection initiated by IL-18.

The results gathered in figure 3A were plotted in a bar chart in figure 3B. To plot the
results, the absorbance of the solution in the wells was measured at an OD of 620 nm.
By making three biological replicates of each solution and calculating the average of
these, the likelihood of error is taken into consideration thereby optimizing the results,
also known as reproducibility. After calculating the average of the three biological
replicates of each solution, the average of the three replicates of vehicle control was
subtracted from the induced samples (S100A4-Multimer and IL-15) to obtain a more
precise measurement of absorbance without background noise. Furthermore, the black
lines on the bar chart represent the standard deviations calculated from the results
of the experiment. The calculated standard deviations describe that the data is not
dispersed in relation to the mean to a high degree. Hence, the data is generally clustered
around the mean.

The well containing an SI00A4 concentration of 5 pg/ml resulted in no absorbance. This
further confirms that the cell line does not respond to S100A4 as no colour development
was read by measuring the absorbance.

For the remaining four concentrations of the positive control, IL-13, an increasing
absorbance was measured as the concentration of IL-15 increased. Therefore, a higher

concentration of IL-17 leads to a higher development of colour.

As a concluding remark, knowing that the cells do not respond to S1I00A4, the cells are
applicable for transfection of RAGE to make the cells responsive to SI00A4.
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6.2 Transfection of HCT-116 Dual cells

The results gathered in order to establish whether the plasmids had been successfully
transfected into the HCT-116 Dual cell line are illustrated in figure 4 and figure 5,
respectively. 595

A transfection mixture was prepared for each plasmid and added to one well of cells:

e One mixture containing the plasmid (M61) coding for RAGE isoform 1 (HCT-116
Dual RAGE 1)

e One mixture containing the plasmid (M83) coding for RAGE isoform 3 (HCT-116 s
Dual RAGE 3)

In addition, a control was conducted that accommodated cells not being transfected.
The purpose of the control is to be a point of comparison for the other tests conducted.

Figure 4: Image taken from the microscope, showing the cells without the expression of the plasmid, no
fluorescent colour.

In figure 4, the control containing cells without the expression of RAGE, showed no eos
fluorescent colour when monitored under the fluorescence microscope. This is due to
the cells not coding for neither of the plasmids in their genome, moreover not expressing
neither of the reporter genes (GFP nor mCherry), which are the two fluorescent proteins
that under UV light produce the green and red colour. Hence, these reporter genes are
visual indicators of successful transfection. 610

26



5A) 5B)

Figure 5: Fluorescence microscope images illustrating HCT-116 Dual RAGE 1 as illustrated on figure
S5A, and HCT-116 Dual RAGE 3 as demonstrated on figure 5B.

Figure 5 demonstrates that the cells exhibit green fluorescence when monitored under
the fluorescence microscope, a day post transfection of the cells. Therefore, the cells have
effectively been transformed with the GFP-tagged plasmid coding for RAGE-isoform 1.
It also shows the fluorescent red colour of the cells under the fluorescence microscope, es
indicating that the cells express the mCherry-tagged plasmid coding for RAGE-isoform 3.
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6.3 Selection of HCT-116 Dual RAGE clones

6A) 6A1)

6B) 6 Bl)

Figure 6: Figure 6A and 6A1 illustrate HCT-116 Dual RAGE 1. Figure 6A depicts the transfected
cells as captured by a light microscope, and figure 6A1 illustrates the same cells when monitored under
a fluorescence microscope. Figure 6B and 6B1 illustrate HCT-116 Dual RAGE 3. Figure 6B depicts
the transfected cells as captured by a light microscope, and figure 6B1 illustrates the same cells when
monitored under a fluorescence microscope.

As suspected, the results gathered from the transfection illustrated in figure 6, after the
addition of selective antibiotics [1 mg/ml G418 (neomycin)| to the pool of cells, all cells
not expressing the NeoR/KanR antibiotic resistant gene in their genome died, and only
living cells adhered to the plate.

Figure 6A1 and 6B1 indicate different levels of fluorescence in the cells; some showing
high fluorescence and others barely showing any. Since most of the clones appear

fluorescent, high transfection efficacy can be concluded.

The transfection procedure was successful and two polyclonal cell populations were es-
tablished:
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e HCT-116 Dual RAGE 1
e HCT-116 Dual RAGE 3

This was done by pooling several clones in cell culture flasks until an efficient amount
of cells expressing the plasmids were obtained prior to initiating the SEAP assay.
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6.4 The ability of S100A4 to stimulate HCT-116 Dual RAGE 1 s
and HCT-116 Dual RAGE 3

The expected outcome for the SEAP experiment was the binding of SI00A4 to RAGE
isoform 1 that initiates MAPK (ERK) phosphorylation, activating NF-xB, which then
enters the nucleus of the cell, initiating gene expression. SEAP is an enzyme that
specifically expresses if a ligand initiates the NF-xB pathway, which S100A4 supposedly ss0
does when binding to RAGE isoform 1. SEAP is measured by seeding cells in HEK
detection, having a substrate that SEAP converts to express a purple/blue colour,
allowing for colourimetric measurement.

HCT-116 Dual RAGE 1 and HCT-116 Dual RAGE 3 were stimulated with S100A4 and ess
the positive control of NF-xB, IL-153, to test the responsiveness of the cells to SI00A4.

It was hypothesized that SI00A4 would be able to bind to HCT-116 Dual RAGE 1, but
not to HCT-116 Dual RAGE 3. Thus, SEAP activity would thereby be expressed by
purple/blue colour formation as a result of S100A4 interacting with RAGE isoform 1
and not for the interaction between S100A4 and RAGE isoform 3. The results showed eso
that neither cells coding for RAGE isoform 1 nor the cells coding for RAGE isoform 3
responded to S100A4.
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Figure 7: 25.000 cells were seated per well simultaneously with induction using S100A4-Multimer (1.25
wg/ml) and S100A4-Multimer (5 pg/ml), and IL-18 (0.62-16.6 ng/ml) in three biological replicates
(for calculations see appendiz 11.2) The cells were stimulated 24 h, 37.5 °C, 5% CO2. 7A) A visual
impression of the results from the SEAP assay, where HCT-116 Dual RAGE 1 and HCT-116 Dual
RAGE 3 created during transfection were utilised. 7B) A graphical representation of the results based
on absorbance measurements, OD = 620 nm. Error bars indicated standard deviations based on N=3
(for raw data see appendix 11.5).

The results are illustrated in figure 7. As seen in figure 7TA, the first line horizontally
is used as blank (vehicle control) for the experiment, which resulted in no colour ess
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change. The following two lines accommodated the S100A4 protein in two different
concentrations (1.25 pug/ml and 5 pug/ml). There appeared to be no colour development
in the wells, assuring that the cells were unresponsive to stimulation with S100A4. The
following wells contained a ranging concentration of IL-153, with an outcome represented
by the substrate in HEK detection turning into a purple/blue colour when initiated by
the positive control. Figure 7B, represents the results from figure 7A plotted in a bar
chart.

As previously conducted, the absorbance of the solution in the wells was measured with a
spectrophotometer at an OD of 620 nm, the wavelength of blue colour. After calculating
the average of the three biological replicates of vehicle control, it was subtracted from
the induced samples (S100A4 and IL-15) to obtain a more precise measurement of
absorbance without background noise. The standard deviations are represented by the
black lines on the bar chart. It can be seen that the level of absorbance monitored does
not differ substantially between the HCT-116 Dual RAGE 1 and HCT-116 Dual RAGE
3 for both the induction with S100A4-Multimer and IL-15.

Contrary to what was expected, SEAP is not expressed when induced by S100A4 for
both HCT-116 Dual RAGE 1 and HCT-116 Dual RAGE 3, indicated by no purple/blue
colour formation present in the cell wells.
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7 Discussion

In the following section, the results gathered in the experiment will be discussed to
determine whether the set hypothesis will be confirmed or rejected.

Due to time restrictions, the procedure of this study was only conducted once. For
proper examination of results, it is of importance to conduct multiple trials of the
experiment to verify that the results obtained are adequate. Therefore, the discussion
is based on the assumption that the results gathered are valid, however, they should be
considered preliminary.

After transfection, the addition of the medium containing selective antibiotics [1 mg/ml
G418 (neomycin)| to the cells was not as effective as expected. The cells clustered,
making them less sensitive to selective antibiotics. This overgrowth is related to the
high proliferation rate of the HCT-116 Dual cell line as well as the addition of too
many cells to the 10 cm culture dish. Thus, the cells were trypsinized in order to
reduce the number of cells and spread them out. This made the selection with G418
more effective. After the transfection, the established biological clones were pooled
together to obtain polyclonal populations with HCT-116 Dual RAGE 1 and HCT-
116 Dual RAGE 3, respectively, because the high proliferation rates made it difficult
to separate some clones and, by pooling, it was possible to initiate the SEAP assay earlier.

Due to time restrictions, it was chosen to perform this project on polyclonal populations,
thereby skipping population selection to generate a monoclonal population, as they take
longer to create. The polyclonal population was thereby both containing the successfully
transfected as well as the non-transfected cells, potentially weakening our analysis.
Furthermore, for the HCT-116 cell-based model system, it could have been beneficial to
have utilised a monoclonal population, as it allows for easier selection of the best clones
for this setup in terms of RAGE expression levels and SEAP expression. This is because
monoclonal populations are more homogeneous since they come from one single cell. On
the contrary, a polyclonal population is more heterogeneous and can cause variability
over time. It is therefore not possible to check where the plasmid is integrated into the
genome in polyclonal populations, but by adding antibiotics to the growth medium,
the growth of the cells expressing the plasmids is favoured. Nevertheless, there are
also advantages to having a polyclonal population, as their heterogeneous traits allow
them to mimic the nature of naturally occurring heterogeneous populations. For future
experiments, fewer cells could have been added to the 10 cm culture dish, in order
to achieve a better separation of the cells, thus, assuring that the cells become less
clustered, prior to selecting them. In this study, 1:2 of the transfected cells were utilised
in the SEAP assay. If repeated, an idea could have been to add 1:10 of the transfected
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cells instead to assure a higher spread of clones within the culture dish, allowing for
easier selection of populations.

As seen in the results for the SEAP experiment illustrated in figure 7, SEAP was not
expressed when stimulated by S100A4 for both the polyclonal cell populations estab-
lished, HCT-116 Dual RAGE 1 and HCT-116 Dual RAGE 3. Even though the results
portray that S100A4 is not able to induce SEAP in the cells when binding to RAGE,
there are multiple factors that could have affected the cells to be unresponsive to S100A4
in this particular experiment. Accordingly, there are many steps that must be ensured
in order for RAGE to become properly expressed by the cells, including three of great
importance:

e The first is a successful transcription of the gene coding for RAGE when the plas-
mids were inserted into the HCT-116 Dual cell line by transfection. Solution -
Real-time quantitative polymerase chain reaction (qPCR).

e The second is that RAGE may not have been translated into a protein. Solution -
Western blot.

e The last step is that RAGE might not have arrived at its final placement in the cell
membrane, where it acts as a receptor. Solution - Immunofluorescence staining.

All the above parameters need to be investigated prior to drawing any concluding
remarks in regards to answering the ‘why’ behind the cells being unresponsive to
S100A4 - differing from the theoretical evidence of S100A4 interacting with RAGE as
experimentally proven in the study by M. Dahlmann, et. al., 2014 [43], which was the
key motivational paper for this study.

The journey from gene to protein is complex and tightly controlled within each cell and
differs between cell types, consisting of two major steps known as transcription and
translation, all summarised by the central dogma in molecular biology. Hence, errors in
information transfer from DNA to RNA to protein are inevitable [44].

Despite the fact that fluorescence clones were created, indicating successful transfection
as seen in figure 6, it does not provide proof that RAGE has been effectively expressed
as a functioning receptor. The results only enable us to validate that the cells have
been transformed with this newly created GFP- or mCherry-tagged DNA, and that in
theory because the plasmids both contain a site for the GOI (RAGE) and a site for the
reporter gene (either GFP or mCherry), they will be transcribed together. However, a
wide range of transcription based errors could have arisen during the transcription of the
gene coding for RAGE, directly producing mRNA transcripts differing from the DNA
template [48]. Most errors occurring during transcription are caused by mispairings
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of nucleotides, known as small-scale mutations that involve the change in one DNA
nucleoside pair. These small-scale mutations are further classified into substitution
mutations, insertions, and deletions. Nucleoside-pair substitutions can cause missense
and nonsense mutations. Missense mutations change an amino acid to another amino
acid. Nonsense mutations change an amino acid to a STOP codon, resulting in
premature termination of translation [48]|. Replication errors can also involve insertions
or deletions of nucleotide bases that occur during a process called strand slippage [62].
These nucleotide-pair insertions or deletions may produce frameshift mutations, which
usually introduce premature STOP codons in addition to lots of amino acid changes [48].
Additionally, epigenetic mutations are another error that could have arisen during the
transcription of the gene coding for RAGE. Epigenetic mutations can be described as
a heritable change in gene expression that does not affect the actual base-pair sequence
of DNA, but that constitute clonally heritable alterations in the transcriptional status
of a gene that leads to the abnormal silencing of that gene [45]. Additionally, mutations
outside the coding sequence could also have impacted gene expression.

Further research could have been done to test whether the GOI had been expressed,
and to what extent, by using real-time qPCR. After the transfection step, where two
new cell lines were created, HCT-116 Dual RAGE 1 and HCT-116 Dual RAGE 3,
qPCR can be used to investigate whether RAGE is expressed to a higher degree than
in the untransfected HCT-116 Dual cells. This is done by isolating RNA from the
cells, representing the transcriptome, and investigating the level of RNA generated that
match the RAGE transcript. The RNA is converted to complementary DNA (cDNA)
and via primers specific for RAGE amplified via real-time qPCR giving an intensity
read corresponding to the level of expression. Hence, the test allows measuring if the
gene coding for RAGE has been properly transcribed into mRNA [66, 67].

Translation is highly prone to error, providing the high likelihood of RAGE not being
efficiently translated into a protein. Erroneous protein synthesis is defined as any
disruption found in the conversion of a coding sequence into a functioning protein.
Amino-acid misincorporations are the most common error during translation. Amino-
acid misincorporations are inherent and unintended errant replacements of amino acids.
Accordingly, polypeptide errors can induce protein misfolding, aggregation, and cell
death. The generation of a functional protein can as well already be affected by the
transcript in form of a wide range of mutations under transcription. This can lead to
aberrant splicing, premature termination, faulty post-translational modifications, and
kinetic missteps during folding. Additionally, correctly synthesized proteins can also fail
to fold into a functional protein [46].

In order to have further ensured that the gene coding for RAGE had completed
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translation into protein, the technique, western blotting, could have been utilised.
The technique allows researchers to identify specific proteins from complex mixtures
of proteins extracted from cells. Western blotting is a protein staining method. The
method consists of three parts: separating target proteins by size (gel electrophoresis),
transferring them to a solid support, and marking target proteins with the appropriate
primary and secondary antibodies for visualization (immunostaining procedure) [47].
The technique is done by loading the protein of interest (RAGE) into a gel consisting
of a positive and negative pole. Since proteins are negatively charged, they are drawn
to the positive pole. The gel allows migration based on size, thus the larger proteins
will migrate a shorter distance in comparison to the shorter proteins. Western blotting
can both be made with proteins in their 3D structure as well as proteins in their amino
acid chain (2D), both of which are relevant depending on what is being examined. The
3D structure of the receptor is of great importance as it provides knowledge in regards
to understanding how the protein functions, including predicting what ligands bind to
that protein, thereby gaining a better understanding of what biological interactions
can occur, moreover what transmembrane signal transduction can take place. For
instance, if western blotting had been conducted on the 3D structure of the protein,
RAGE, and the protein had migrated further than theoretically established, then it
would indicate that the folding of the receptor had gone wrong. However, if the 2D
structure of RAGE was examined, it would be plausible to distinguish between different
isoforms of the particular protein. Thus, the 2D structure allows the detection of any
errors that might occur during the translation of RAGE into protein, for instance, if
premature termination or faulty posttranslational modifications have taken place [64, 65].

Even if RAGE is properly translated, the protein must be correctly located in the cell
membrane. If RAGE has not been properly expressed in the cell membrane, the lack of
binding site for extracellular SI00A4 could lead to the results showing no expression of
SEAP. Even though the gene coding for RAGE could have been successfully transcribed
and translated, there are multiple steps the protein encounters before arriving at
the destination of its function, described as the journey of a protein through the
endomembrane system. When a protein has been synthesized in the cytoplasm by the
ribosomes, they travel to the rough endoplasmic reticulum (ER), where they undergo
modifications. These modified proteins may be absorbed into the membrane of the ER
or packaged into a vesicle that travels to the Golgi apparatus. At the Golgi apparatus,
the proteins encounter further modifications and are sorted, packaged, and tagged,
so they can travel through vesicles to their target destination of function, inside or
outside of the cell [60]. Therefore the protein coding for RAGE could have been tagged
wrongly during the protein synthesis, and not arrived at its final destination in the cell
membrane, where it acts as a receptor; consequently, leading to S1I00A4 not being able
to induce SEAP. Accordingly, in the course of the journey of the protein through the
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endomembrane system, where the protein undergoes post-translational modifications,
errors during modification could have arisen, thereby affecting the expression of RAGE.

To validate RAGE location, immunofluorescence staining could have been utilised
to assess the location and expression of RAGE within the cells. The principle of
immunofluorescence assays is based on two steps: the first being that specific primary
antibodies bind to the protein of interest (RAGE) and the second being that secondary
fluorophore-coupled antibodies bind to the primary antibodies, thereby visualizing the
protein of interest (RAGE) by microscopy. Accordingly, it is possible to detect where
and if RAGE is expressed and located in the cell, intracellularly, or on the cell surface [61].

A significant limitation to the study was time. In order to have done proper experimental
research, each of the variables in the procedure should have been isolated and tested
to ensure higher accuracy. As mentioned prior, in this study the tests that could have
allowed for higher precision in the results are western blotting and qPCR, respectively.
Additionally, an experimental error is always possible. Any time a qualitative or
quantitative observation has been made, there is a degree of uncertainty. This can
be due to a range of preexisting limitations such as inaccuracies in apparatus used or
inaccuracies in measuring techniques done, e.g. pipetting errors. Proper use of a pipette
requires precision, not only when setting the quantity of liquid to be aspirated, but also
when using the pipette itself, ensuring the right angle, applying the right pressure, and
releasing the pressure correctly after use.

Moreover, the topic of this project was something completely new for the group. There-
fore, it was challenging to start at the beginning, as a lot of research and understanding
of the background theory on an academic level was acquired. This process required time
and effort that could instead be put into conducting more steps in the experimental
procedure, which could have allowed for greater certainty of the reason behind S100A4
being unresponsive.
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8 Conclusion

In order to conclude on the gathered outcomes, every aspect of the results must be
taken into consideration. In regards to the SEAP assay, the experiment confirmed that
SEAP is expressed when induced with IL-15, providing the information that SEAP can
be expressed if induced with a ligand that stimulates the activation of the transcription
factor, NF-kB. Furthermore, the results confirmed that the parental HCT-116 Dual
cell line did not respond to S100A4 prior to the creation of the clones during the
transfection. Additionally, polyclonal cell populations were successfully obtained, here
HCT-116 Dual RAGE 1 and HCT-116 Dual RAGE 3, respectively, as indicated by
most clones appearing to be fluorescent, thus high transfection efficacy could be affirmed.

It was initially hypothesized that S100A4 would bind to HCT-116 Dual RAGE 1 and
not HCT-116 Dual RAGE 3 as evidence indicates that S100A4 binds to the hydrophobic
region on the V1 domain of RAGE isoform 1. Based on this study, no concluding
remarks can be made on whether or not S100A4 only binds to RAGE isoform 1 and not
isoform 3 as the cells were not responsive to S100A4 post transfection in either clone.
The present results contradict previous findings, therefore, many validation steps and
optimizations of the protocol are needed for future experiments. Even though the results
portray that S100A4 is not able to induce SEAP in the cells when binding to RAGE,
there are multiple factors that could have affected the cells to become unresponsive to
S100A4 for this particular experiment. For future experimental work, the set procedure
thereby needs to be repeated, wherein a monoclonal selection step could be highly
beneficial. Additionally, the RAGE transcription, translation, binding affinity, and
location need to be validated. This could be done by utilising a variety of methods that
focus on examining RAGE expression and the overall S100A4-RAGE-interaction.
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9 Perspective

This paper was conducted with the aim of focusing on the interaction site by which
S100A4 binds to RAGE, within fibrosis in SSc. However, this interaction should
evidently be similar in most fibrotic diseases, multifarious fibrotic diseases could thereby
have been researched. The reason why SSc was the chosen disease in this project was
due to SSc being a ‘prototypic” fibrotic disease. This means that SSc is a disease that
follows the typical nosogenesis expected for a fibrotic disease. As SSc acts as a “model”
fibrotic disease, research done on SSc can be applied to most other fibrotic diseases.

Had there been more time available, an examination of which cell lines are better for
investigating the interaction between S100A4 and RAGE could have been conducted.
This could have potentially led to an optimization of the results gathered in vitro. This
examination is presented in a study published by M. Dahlmann, et. al., 2014 [43].

Another angle to the study could have been to further examine the S100A4-RAGE-
interaction. An experiment upon the influence of the SI00A4 and RAGE interaction on
motility and invasion could have been conducted. This would be done through a scratch
assay. During a scratch assay (wound-healing assay), cells are grown in a monolayer,
whereafter a scratch is made with a pipette tip to create a gap corresponding to a
“wound”. The “wounded” area is then photographed to determine the cell migration
rate. The percentage of closure of the scratch area is then calculated [50]. Through
this technique, it would have been possible to determine the more specific impacts of
S100A4-RAGE-interaction on wound healing and, moreover, healing within fibrotic
tissue.

Additionally, an experiment could have been conducted to examine the impacts of
blocking the expression of S100A4 or RAGE in fibrotic tissue. According to the
study made by Herwig N. et. al., 2016, an experiment on the blocking of S100A4
secretion was conducted [15]. The blocking of S100A4 secretion was done through
secretion of Brefeldin A (BFA), gene silencing by short interfering RNA (siRNA), or
addition of either recombinant S100A4 or sRAGE. This is done in order to examine
the prometastatic effects of S100A4. It was seen that the blockage of S100A4 led to
a decrease in cell motility. Furthermore, the addition of SI00A4 to the tested cells
leads to an increase in the cell migratory behavior. This experiment was, however,
not conducted on fibrotic cells, it would thereby have been interesting to examine the
mechanism in fibrotic tissue, as well as the impacts on gene expression.

An alternative approach to the current study could have been to consider new thera-
peutic strategies for SSc, as no known cure for this disease has been found. Current
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treatment is exclusively focused on relieving symptoms or preventing the disease from
further progressing. Additionally, a high level of S100A4 in the serum of patients
with fibrotic diseases closely correlates with disease activity, serving as a biomarker
for early diagnosis and surveillance [9]. Hence, patients with SSc have an upregulation
of the S100A4 protein in their skin [26]. A study of knockout mouse models suggests
that extracellular SI00A4 may function as a therapeutic target for fibrotic diseases if
suppressing expression, release, or function can be achieved [9]. This suggests that
inhibiting the protein’s expression, release or function might be a promising therapeutic
strategy. In addition, in a study done on patients with SSc, the receptor RAGE
was found in skin biopsies of the patients [13]. Understanding the key pathogenetic
pathways involved in disease expression allows for the development of targeted therapies.
Furthermore, indicating that the knockout of S100A4 or RAGE could be a way of
creating a new therapeutic target for fibrotic diseases.

In order to block the expression of SI00A4 or RAGE, a closer look upon regulation of
gene expression would be needed. miRNA or siRNA can block translational mRNAs.
MicroRNAs (miRNAs) are small ssRNA molecules that can bind to mRNA. They're
formed by the processing of a longer precursor. siRNA or miRNA forms a complex with
proteins that can degrade mRNA or block its translation [48]|. In this way knockout
of the two GOI could be a strategy to inhibit either the protein or the receptor’s
expression, release, or function.
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11 Appendices

11.1 SEAP assay

The results illustrated in figure 3A of the experiment were captured by measuring the
absorbance of the solution in the wells at an OD of 620 nm. The absorbance was
measured for all three biological replicates made for each solution as represented in
Table 1. This experiment was done using HEK detection with three vehicle controls
measured at an absorbance of 0,2594, 0,251, and 0,2465 with an average of 0,2552. The
calculated average of the three biological replicates of vehicle control was subtracted
from the induced samples (S100A4-Multimer and IL-13) to obtain a more precise
measurement of absorbance without background noise, as represented in Table 2A.
Table 2B represents the calculated average of the three biological replicates of each
solution with subtracted background noise as well as the standard deviations calculated
from the values in Table 2A. The results recited in Table 2B were used to plot the bar
chart in figure 3B, as demonstrated in the results section.

Table 1: Results portraying the measured absorbance of the three biological replicates of cells stimulated
with S100A4-Multimer (5 pg/ml) and the positive control, IL-13 (0.62-50 ng/ml). The absorbance of
the solutions in the wells was measured at an OD of 620 nm.

SEAP assay Replicate |Replicate |Replicate

S100A4 5 pg/ml 0,2593 0,2542 0,2523
IL-1B 0.62 ng/ml 0,4537 0,4485 0,4405
IL-1B 1.85 ng/ml 0,8796 0,8532 0,8997
IL-1B 5.55 ng/ml 1,6051 1,8495 1,772
IL-1B 16.6 ng/ml 1,9807 2,1931 2,2185
IL-1B 50 ng/ml 2,2671 2,4353 2,405
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Table 2: Table 2A represents the calculated background subtracted for three biological replicates of cells
stimulated with S100A4-Multimer (5 pg/ml) and the positive control, IL-15 (0.62-50 ng/ml). Table
2B represents the calculated average of the three biological replicates with subtracted background noise.
Additionally, Table 2B depicts the calculated standard deviations. Both the average as well as the
standard deviations were determined by utilising the numbers portrayed in Table 2A.

Background substracted Average STD
0,0041 -0,0010| -0,0029 S100A4 5 pug/ml 0,0001, 0,00362
0,1985 0,1933| 0,1853 IL-1B 0.62 ng/ml 0,1924! 0,006649
0,6244 0,5980| 0,6445 IL-1B 1.85 ng/ml 0,6223 0,023321
1,3499 1,5943| 1,5168 IL-1B 5.55 ng/ml 1,4870; 0,124895
1,7255 1,9379| 1,9633 IL-1B 16.6 ng/ml 1,8756; 0,130581
24) 2,0119 2,1801| 2,1498 2B) IL-1B 50 ng/ml 2,1139| 0,089653

The calculated averages of the three biological replicates of cells stimulated with S100A4-
Multimer (5 pg/ml) and the positive control IL-15 (0.62-50 ng/ml) with background
noise subtracted, were found using the command AVERAGE in Excel. The standard
deviations were obtained by utilising the values of absorbance read for the three biological
replicates with background subtracted as demonstrated in Table 2A. Furthermore, the
calculation was done by use of the command STDEV in Excel. The standard deviations

are visualized in figure 3B, where the error bars indicate the standard deviations based
on N=3.
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11.2 Components for induction of SEAP

Calculations:

During the SEAP assay procedure multiple components were used for the induction:
S100A4-Multimer (1.25 and 5pg/ml) and IL-18 (0.62-50 ng/ml) of the cells. The
concentrations needed for the induction were calculated by using the formula:

CL-Vi=0Cy Vs (1)

The stock concentration of S100A4-Multimer (Arxx produced batch) was 2.7 mg/ml,
which is equal to 2700 ug/ml (Cy). The working concentration (WC) of S100A4-
Multimer that was needed to be obtained was 5 pg/ml, which when diluted 10-fold
is equal to 50 pg/ml (C2). The chosen final volume of S100A4 stock after dilution
was 108 pl (V3). In order to prepare the desired final volume of S100A4 after dilu-
tion, the needed volume of S100A4 stock (V7) was calculated by isolating V; in equation 1:

50 pg/ml - 108 pl
Wi = =2 pul 2
! 2700 jug/ml # )
Therefore, 2 ul of S100A4 stock was needed to obtain the final working volume (V3) of 108
pl. In order to establish the final working volume, 106 ul of DPBS without Ca?*/Mg?*

were combined with 2 pl S1I00A4-Multimer. From the calculated final working volume
(V2), 20 pl were utilised per well prior to adding 180 pul of cells.

The stock concentration of IL-15 was 20 pg/ml, which is equal to 20.000 ng/ml (C).
The ranging WC of IL-15 that was needed to be obtained was 0.62-50 ng/ml. The
WC of IL-15 of 50 ng/ml will be utilised for the calculations, which when diluted
10-fold is equal to 500 ng/ml (C). The chosen final volume of IL-15 stock after
dilution was 200 pl (V3). In order to prepare the desired volume of IL-15 after di-
lution, the needed volume of I1.-17 stock (V]) was calculated by isolating V; in equation 1:

500 ng/ml - 200 pl
Vi, = =5l 3
1= 7720000 ng/ml . (3)

Therefore, 5 ul of IL-1/ stock was needed to obtain the final working volume (V2) of 200
pl. In order to establish the final working volume, 195 ul of DPBS with Ca?* /Mg?t were
combined with 5 ul IL-15. From the calculated final working volume (V2), 20 ul were
utilised per well prior to adding 180 ul of cells. Once, the highest WC was prepared, then
a 1:3 dilution row was made to establish the remaining WCs utilised for the experimental
procedure.
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11.3 SEAP experiment

The experiment was completed in the same manner as the SEAP assay as described in
Appendix 11.1. The results illustrated in figure 7TA of the experiment were captured
by measuring the absorbance of the solution in the wells at an OD of 620 nm. The
absorbance was measured for all three biological replicates made for each solution as
represented in Table 3. Table 3 represents the data collected for the wells containing
HCT-116 Dual RAGE 1. This experiment was done using HEK detection with three
vehicle controls measured at an absorbance of 0.3077, 0.3139, and 0.03209 with an
average of 0.3108. The calculated average of the three biological replicates of vehicle
control was subtracted from the induced samples (S100A4-Multimer and IL-15)
to obtain a more precise measurement of absorbance without background noise as
represented in Table 4A. Table 4B represents the calculated average of the three
biological replicates of each solution with subtracted background noise as well as the
standard deviations calculated from the values in Table 4A. The results recited in Ta-
ble 4B were used to plot the bar chart in figure 7B, as demonstrated in the results section.

The calculated averages of the three biological replicates of cells stimulated with
S100A4-Multimer (1.25 pg/ml and 5 pg/ml) and the positive control IL-13 (0.62-16.6
ng/ml) with background noise subtracted, were found using the command AVERAGE
in Excel. The standard deviations were obtained by utilising the values of absorbance
read for the three biological replicates with background subtracted as demonstrated in
Table 4A. Furthermore, the calculation was done by use of the command STDEV in
Excel. The standard deviations are visualized in figure 7B, where the error bars indicate
the standard deviations based on N=3.

The experiment established was duplicated for the wells containing HCT-116 Dual RAGE
3, and the data collected is represented in Tables 5 and 6, respectively.

Table 3: Results portraying the measured absorbance of the three biological replicates of HCT-116 Dual
RAGE 1 stimulated with S100A4-Multimer (1.25 ug/ml and 5 pg/ml) and the positive control, IL-13
(0.62-16.6 ng/ml). The absorbance of the solutions in the wells was measured at an OD of 620 nm.

SEAP assay Replicate Replicate [Replicate
S100A4 1.25 pg/ml 0,3156 0,3263 0,3137
S100A4 5 pug/ml 03186 0,3173 0,325
IL-1B 0.5 ng/ml 0,5414| 055472 0,5431
IL-1B 1.6 ng/ml 0,8579| 0,7705| 0,8195
IL-1B 5 ng/ml 1,1056 1,086 1,2595
IL-1B 15 ng/ml 1,4942|  1,4427| 14614
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Table 4: Table JA represents the calculated background subtracted for three biological replicates of HCT-
116 Dual RAGE 1, stimulated with S100A4-Multimer (1.25 png/ml and 5 pg/ml) and the positive control,
IL-18 (0.62-16.6 ng/ml). Table 4B represents the calculated average of the three biological replicates with
subtracted background noise. Additionally, Table 4B depicts the calculated standard deviations (STD).
Both the average as well as the standard deviations were determined by utilising the numbers portrayed
in Table JA.

Background substracted Average |STD
0,0048| 0,0155| 0,0029 S100A4 1.25 ug/ml| 0,0077| 0,00757
0,0078| 0,0065| 0,0142 S100A4 5 pg/ml 0,0095| 0,00092
0,2306| 0,2364| 0,2323 IL-1B 0.62 ng/ml 0,2331| 0,0041
0,5471| 0,4597( 0,5087 IL-1P 1.85 ng/ml 0,5052| 0,0618
0,7948| 0,7752| 0,9487 IL-1B 5.55 ng/ml 0,8396| 0,01386

4A) 1,1834| 1,1319| 1,1506 4B) IL-1B 16.6 ng/ml 1,1553| 0,03642

Table 5: Results portraying the measured absorbance of the three biological replicates of HCT-116 Dual
RAGE 3 stimulated with S100A4-Multimer (1.25 pug/ml and 5 pg/ml) and the positive control, IL-13
(0.62-16.6 ng/ml). The absorbance of the solutions in the wells was measured at an OD of 620 nm.

SEAP assay Replicate Replicate |[Replicate
S100A4 1.25 pg/ml 0,3252 0,3196 0,3175
S100A4 5 pg/ml 03434 03195 03097
IL-1B 0.5 ng/ml 06074 0,604 0,6
IL-1B 1.6 ng/ml 09481 08485 09319
IL-1B 5 ng/ml 12584| 1,1847| 1,2032
IL-1B 15 ng/ml 13706| 1,3592| 13631
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Table 6: Table 6A represents the calculated background subtracted for three biological replicates of HC'T-
116 Dual RAGE 3 stimulated with S100A4-Multimer (1.25 pug/ml and 5 pg/ml) and the positive control,
IL-1B (0.62-16.6 ng/ml). Table 6B represents the calculated average of the three biological replicates with
subtracted background noise. Additionally, Table 6B depicts the calculated standard deviations (STD).
Average and standard deviations were determined by utilising the numbers portrayed in Table 6A.

Background substracted Average [STD
-0,0068|-0,0124| -0,0145 S$100A4 1.25 pg/ml| -0,0112| 0,00398
0,0114| -0,0125| -0,0223 S100A4 5 pg/ml -0,0078| 0,01733
0,2754| 0,2720| 0,2680 IL-18 0.62 ng/ml 0,2718| 0,0037
0,6161| 0,5165| 0,5999 IL-1PB 1.85 ng/ml 0,5775| 0,05344
0,9264| 0,8527| 0,8712 IL-1B 5.55 ng/ml 0,8834| 0,03834
6A) 1,0386| 1,0272| 11,0311 IL-18 16.6 ng/ml 1,0323| 0,00579

6B)
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