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Abstract
Type 2 diabetes (T2DM) is characterized by altered insulin secretion as a result of
progressive functional failure of pancreatic β-cells. Genetics is known to be a factor
in the pathophysiolgy of the disease, and several genomic loci have been identified
with T2DM susceptibility. Polymorphisms in the gene encoding Target X is associ-
ated with T2DM and the expression of the gene is further upregulated in pancretic
T2DM β-cells. In this study, the mechanism linking an increased expression of
Target X to T2DM was evaluated. Overexpression of Target X was achieved with
adenoviral transduction. The gene was overexpressed in two β-cell lines, EndoC-
βH1 and MIN6. Functional assays evaluating glucose stimulated insulin secretion
(GSIS), proliferation and apoptosis in response to ovrexpressing Target X were per-
formed with both cell lines. Upregulated gene expression of Target X in EndoC-
βH1 cells resulted in a reduction in cytokine induced apoptosis compared to control.
Moreover, it returned an increased fold-response in GSIS. Even though a trend of
increased apoptosis was observed with the MIN6 cells, there was no significant dif-
ference compared to control samples. Contrary to the results with EndoC-βH1 cells,
a significant decrease in fold-response in the GSIS assay was observed with MIN6
cells. No impact of overexpression of Target X on proliferation was observed with
any of the two cell lines. Nevertheless, qPCR analyses revealed a low fold increase
in mRNA expression in MIN6 cells compared to EndoC-βH1 cells. In conclusion,
this study gave further insight into the linkage between upregulation of Target X
and T2DM by suggesting that it may influence β-cell survival and insulin secretion.

Keywords: Type 2 diabetes, target validation, β-cell, EndoC-βH1, MIN6, poly-
morphisms, GSIS, apoptosis, proliferation.
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1
Introduction

The human pancreas is a gland with both exocrine and endocrine functions. Within
the pancreas, clusters of endocrine cells form micro-organs called islets of Langer-
hans. These micro-organs are important in regulation of glucose homeostasis through
insulin and glucagon secretion [1]. They consists of at least five different cell types
of which β-cells constitutes to the majority of the cell mass. The primary role of β-
cells is to secrete insulin, a peptide which is important in regulation of blood glucose
and nutrient uptake [1]. β-cell failure and dysfunction can trigger the development
of diabetes mellitus; a chronic, metabolic disease characterized by abnormally high
blood glucose levels, hyperglycemia, and disturbances in metabolism of fat, carbohy-
drates and proteins. Diabetes mellitus is classified into different types of which type
2 is the most common. Type 2 diabetes (T2DM) is characterized by dysfunctions of
both insulin secretion by the pancreatic β-cells and a often coexisting development
of resistance to insulin action in insulin-dependent tissues [2]. The consequences of
the disease can be disabling complications including blindness, organ failure and, in
the absence of treatment, death [3].

Lifestyle, environmental factors and genetics are interacting causes in the devel-
opment of T2DM [4]. Genome-wide association studies (GWAS) have enabled the
detection of several associations between development of T2DM and specific ge-
nomic loci. A majority of the genes that have been found to associate with develop-
ment of T2DM have also been found to be expressed in pancreatic β-cells [1]. The
pharmacological treatments of diabetes available on the market today are based on
symptomatic relief rather than modification of the disease itself. This results in an
unmet need for the development of new drugs that are modifying the disease to
prevent long-term disabling complication and increase patient quality of life. By
studying and validating the genetic polymorphisms associated with T2DM, novel
drug targets that rescue and regenerate failing β-cells, as well as combat insulin
resistance, could potentially be discovered.

From GWAS, two genetic variants (i.e. single nucleotide polymorphisms (SNPs)) of
a gene encoding Target X have been associated with development of T2DM. Fur-
ther, the SNPs have been found to be linked to increased expression of Target X in
pancreatic β-cells from T2DM donors. The goal of this master thesis project was
to experimentally validate Target X as a potential drug target in T2DM and to
further increase the understanding of the biological role and function of Target X
in pancreatic β-cells. The functional role of the target was studied in response to
overexpression of the gene encoding Target X, which was accomplished by adenovi-
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1. Introduction

ral transduction. Validation of how an upregulation of Target X impacts pancreatic
β-cell function was evaluated in three functional assays studying apoptosis, glucose
stimulated insulin secretion and proliferation. The studies have been conducted in
both a human β-cell line, EndoC-βH1, and a mouse β-cell line, MIN6. Experiments
and techniques used includes mammalian cell culturing, qPCR analysis, HTRF im-
munoassay and adenoviral transduction. Taken together, this project have aided to
increase the understanding of the potential functional role of Target X in pancreatic
β-cells.

1.1 Confidentiality
This study is part of ongoing research at AstraZeneca. Hence, some of the facts and
information regarding Target X will not be stated in this report due to confidential-
ity. The real gene name of the target will not be revealed, and the target will be
referred to as Target X. Further, articles in which the gene name is mentioned will
not be referred to.

1.2 Aim
The aim of this study was to experimentally validate Target X in vitro as a potential
drug target in T2DM. Further, this project aimed to increase the understanding of
the connecting mechanism between an upregulation in gene expression of Target X
and T2DM, as well as of the function of Target X in pancreatic β-cells.
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2
Background

AstraZeneca is a global biopharmaceutical company engaged in the discovery, de-
velopment, manufacturing and marketing of prescription medicines. Within CVMD
(Cardiovascular and Metabolic Diseases) at AstraZeneca, the Translational Science
(TS) department drives novel target validation from human genetics. The unmet
need for novel drugs with a disease mechanism target in diabetes is the reason be-
hind the focus of the Cell biology team within TS to deliver novel target proposals
with strong genetic and experimental validation. The bioinformatics team within
TS has, together with the Cell biology team, generated hypotheses based on human
genetics and omics data for novel targets with disease modifying effects in diabetes.

From GWAS, two genetic variants of a gene encoding Target X has been associ-
ated with development of T2DM. Both variants are SNPs in non-coding regions of
the gene. Further, a study of gene expression in human islets using expression quan-
titative trait locus (eQTL) data, among other genes the two genetic variants were
found to be linked to increased expression of Target X in human islets. In analy-
ses at AstraZeneca of RNA sequencing data from single-cell transcriptome profiling
of human pancreatic islets, it was revealed that mRNA expression of Target X is
enriched in β-cells in comparison to the other endocrine cell types in islets of Langer-
hans, see figure 2.2 (a). Further, it was found that mRNA expression of Target X
is significantly upregulated in pancreatic β-cells from donors with T2DM compared
to healthy β-cells. The linkages between SNPs, GWAS and eQTLs are visualized in
figure 2.1, and the concepts are further explained in sections 3.6.1, 3.6.2 and 3.6.3.
That there is a correlation between an upregulation in gene expression (eQTL) of
Target X and T2DM is consequently known, but the mechanism behind the connec-
tion remains to be elucidated. In this master thesis project, the function of Target
X was evaluated when overexpressing the gene to simulate the disease state.
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2. Background

Figure 2.1: Displays the linkage between single nucleotide polymorphisms (SNPs), type
2 diabetes and an upregulation in gene expression via GWAS and eQTLs.

The Target X gene encodes a protein involved in lipid metabolism downstream
of diacylglycerol (DAG). Other details about the biological function of Target X that
is known today will not be stated in this report due to confidentiality. Further, two
splice variants of Target X have been found that differ in length with one exon.
The mRNA expression levels of the two splice variants of Target X in EndoC-βH1
cells and in human islets have been measured prior to this master’s thesis project
at AstraZeneca. As seen in figure 2.2 (b), the most abundantly expressed splice
variant in healthy human islets is splice variant 1. Hence, that is the splice variant
that was overexpressed in this study. A vector containing green fluorescent protein
(GFP) was used as control.

(a) (b)

Figure 2.2: Displays preliminary data. In (a), mRNA expression of Target X measured
with RNAseq in all endocrine cell types in Islets of Langerhans from healthy and T2D
patients. In (b), mRNA expression of the two splice variants of Target X in EndoC-βH1 cells
and human islets. Best coverage indicates that the probe used detects both splice variants.
Error bars represent standard deviation. *** denotes a significant level of p≤0.001. Image
courtesy of Björn Tyrberg and Alex Zhou, Translational Science, AstraZeneca.
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3
Theory

This section describes the function and role of the pancreas and more specifically the
endocrine cell types in islets of Langerhans. The regulation of glucose homeostasis
and glucose stimulated insulin secretion are outlined. Further, this section describes
the characteristics and the pathogenesis of T2DM and the role and dysfunctions of
pancreatic β-cells in the development of the disease. Theory describing the main
concepts to the genetic background of Target X; genome wide association studies,
single nucleotide polymorphisms and expression quantitative trait loci are outlined.
Furthermore, the two cell lines, and background to the techniques and functional
assays used in the study are described in this section.

3.1 The Pancreas
The human pancreas is a gland with both exocrine and endocrine features and with
two main functions: glucose homeostasis and digestion of proteins, lipids and fats
[5]. It is located in the retroperitoneal space in the abdominal cavity. Pancreas is
commonly divided into three parts head, body and tail [5]. It is composed of small
lobules, which in turn consists of ductules and clusters of cells. The major part of
the pancreas (98% of the parenchyma) is devoted to its exocrine function [1]. The
exocrine cells in the pancreas form cell clusters called acini, and produce digestive
enzymes and bicarbonate that are secreted by exocytosis to the acinar lumen. From
the acinar lumen the products are transported into the pancreatic duct (or Wirs-
burg duct), which combine with the common bile duct, into the duodenum [1]. To
avoid damage of the cell and digestion of the pancreas by the digestive enzymes,
they are synthesized and stored in inactive forms and packed in granules inhibiting
their activity. The inactive proenzymes are converted to their active forms by other
enzymes when entering the duodenum. The main enzymes secreted are amylase,
lipases and proteases [6].

Clusters of endocrine cells form micro-organs called islets of Langerhans (named
after Paul Langerhans that discovered them in 1869) that constitutes 1-2% of the
pancreatic parenchyma [5]. The main function of the islets of Langerhans is as a
key regulator of glucose homeostasis by production of insulin. Approximately one
million islets are scattered throughout the exocrine tissue [5]. The islets vary in size
from larger aggregates to only a few cells with a mean diameter of 140µm. Islets
are encapsulated in a thin layer of connective tissue and are infiltrated by a com-
pact network of capillaries facilitating the endocrine cells to sense and respond to
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3. Theory

nutrient-levels in the circulating blood [1]. The human islets consists of at least five
different endocrine cell types [1]. The predominant endocrine cell type is the β-cell
consisting for 50-60% of the islet mass. β-cells produces insulin and islet amyloid
polypeptide. The second most abundant endocrine cell type is the glucagon se-
creting α-cell. Glucagon is important in regulation of hypoglycemia by stimulating
hepatic glucose production, acting in an opposite manner to insulin [7]. δ-cells, the
third endocrine cell type, secretes somatostatin. Somatostatin represses both insulin
and glucagon secretion by acting on receptors on α- and β-cells [7]. γ-cells, or pan-
creatic polypeptide-producing F-cells, produce pancreatic polypeptide. Although
studies have suggested involvement of pancreatic polypeptide regulation of food in-
take and energy metabolism, the function still remains less established [8]. The least
abundant endocrine cell type in the islets are ε-cells producing the hormone ghrelin
[7].

3.2 Glucose Homeostasis
Glucose is the preferred source for energy of most tissues and organs in the human
body. It is formed when poly- and oligosaccharides from food intake are digested
and is further also generated by liver and kidney in gluconeogenesis [9]. Long-term
elevated blood glucose concentrations can cause complications such as renal failure,
blindness or neuropathy. Further, too low blood glucose levels can cause loss of con-
sciousness, seizures or even death [9]. Subsequently, blood glucose concentrations
in the body needs to be tightly regulated by several factors to be kept within a
narrow range (around 5 mM). The term glucose homeostasis is used to describe the
regulatory mechanism of keeping blood glucose levels in the body within this range.
Insulin and glucagon, secreted by pancreatic endocrine cells, are two important key
regulators of glucose homeostasis working in opposed manner to each other [9].

Immediately after intake of a meal, blood glucose levels begin to rise. As a re-
sponse to increased concentrations of blood glucose, pancreatic β-cells increase the
secretion of insulin. By binding of insulin to membrane-receptors of cells, primarily
in adipose, liver and muscle tissue, the uptake of glucose by cells is distinctly in-
creased [10]. Insulin stimulates activated muscles to increase their uptake of glucose
and use it as energy. If the muscles are at rest, the glucose is stored as glycogen
and can later be used as a source of energy. Insulin also stimulates hepatic uptake
and storage of glucose by several actions e.g. by promoting hepatic glycogen syn-
thesis [10]. In an opposed manner to insulin secretion by β-cells, the hyperglycemic
hormone glucagon is secreted by α-cells as a response to low blood glucose levels
[11]. Insulin and glucagon acts as important feedback systems to each other to keep
blood glucose within normal levels. Glucagon increases gluconeogenesis in the liver
by activating enzymes important in the synthesis and in transport and uptake of
amino acids. Further, glucagon stimulates glycogenolysis (i.e. breakdown of glyco-
gen) in the liver. Both actions results in released glucose into the blood stream [10].
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3. Theory

3.3 Glucose Stimulated Insulin Secretion (GSIS)
from β-cells

Pancreatic β-cells sense elevated extracellular glucose levels and transports it across
plasma membrane through facilitative glucose transporters GLUT (GLUT-1 in hu-
mans) [1]. Glucose is subsequently phosphorylated by glucokinase, and converted
into pyruvate by the glytolytic pathway. Subsequently, pyruvate is converted to
acetyl-CoA, which enters the tricarboxylic cycle (TCA) in mitochondria [12]. Trans-
portation of glucose into pancreatic β-cells, increases the glycolytic flux and TCA
cycle activity resulting in increased ATP production in mitochondria [1]. Produc-
tion of ATP increases the cellular ATP to ADP ratio causing the ATP-sensitive
potassium channels (K+

AT P channels) in the plasma membrane to close [13]. At
low extracellular glucose levels, the K+

AT P channels are open allowing an efflux of
K+ ions along their concentration gradient. The efflux maintains a hyperpolarized
membrane potential of the β-cells. An elevation in glucose levels and increased ATP
to ADP ratio, causes closure of the K+

AT P channels and depolarization of the mem-
brane [1, 13]. A subsequent effect of the depolarization is opening of voltage-gated
Ca2+ channels resulting in an influx of Ca2+ ions into the cells. The intracellular in-
crease in Ca2+ levels consequently triggers exocytosis of insulin-containing granules
[1, 14].

3.4 Type 2 Diabetes Mellitus (T2DM)
Diabetes mellitus is a metabolic disorder characterized by hyperglycemia (i.e. ab-
normally high blood glucose), and disturbances in metabolism of fat, carbohydrate
and protein resulting from impaired secretion of insulin, insulin action, or both [2].
Characteristic symptoms of diabetes such as thirst, blurred vision and weight loss
may be present if not treated. Further, increased susceptibility to infections and
impaired growth can be indications of diabetes. Symptoms of the disease may be
absent, or can in more severe forms of the disease result in ketoacidosis, coma or in
absence of treatment, death [15]. Diabetes mellitus is classified into different types
of which type 1 and type 2 are the more common. Type 1 diabetes (T1DM) is char-
acterized by the destruction of pancreatic β-cells by autoimmune processes resulting
in an absolute deficiency of insulin [2]. Type 2 diabetes (T2DM), the most common
type of diabetes mellitus (about 90% of all cases), is characterized by dysfunctions of
both insulin secretion and development of resistance to insulin action in peripheral
tissues [2]. T2DM is a complex disease and the complete pathophysiology remains
to be fully elucidated. The role of insulin resistance and altered insulin secretion
due to dysfunctional β-cells in development of T2DM has been debated [16]. In-
sulin secreted from β-cells is regulated by glucose concentrations in the blood, and
signals to insulin-sensitive tissues to increase glucose uptake and suppress glucose
production. Hence, when insulin resistance develop, β-cells increase their insulin
secretion to maintain normal glucose concentrations. When β-cell function declines,
they are no longer capable of maintaining glucose homeostasis and glucose levels
raise, leading to hyperglycemia [16].
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3. Theory

Incidence of T2DM is affected by lifestyle, environmental factors and genetics [4].
Main lifestyle factors associated with increased risk of disease are a high-energy diet,
obesity and a sedentary lifestyle [17]. It has been observed that in persons at high
risk of development of T2DM, changes in lifestyle with increased physical activity,
healthier diet and weight loss can prevent or delay development of the disease [18].
Further, T2DM is highly inheritable. From genetic studies, such as GWAS, sev-
eral genomic loci have been identified to be associated with development of T2DM
contributing to increased understanding of how genes are influencing the pathophys-
iology of the disease [19].

T2DM and severe hyperglycemia often develops gradually and it may remain undi-
agnosed for years. Initially, most patients with T2DM do not need insulin treatment
and a healthy diet and physical activity may slow down the progression of the dis-
ease [2]. In more severe cases and when β-cell failure has progressed further, drugs
that lower and maintain glucose concentrations might be necessary to manage the
disease. The prevalence of T2DM has increased the research and development of new
therapies and there are drugs available today with different targets and actions to
treat hyperglycemia [16]. For example, a commonly prescribed drug in treatment of
T2DM is Metformin that belongs to a class of anti-diabetic drugs called Biguanides.
The main effect of Metformin is to decrease hepatic gluconeogenesis and increase
insulin sensitivity, thus, helps control blood glucose levels [20]. Another example of
drugs are inhibitors of sodium-glucose co-transporter 2 (SGLT2) that decreases the
amount of glucose reabsorbed from urine [16].

3.5 β-cells in Human Type 2 Diabetes
That a reduction in total β-cell mass is central in development of T2DM is supported
by several studies [3, 21]. A study by Sakaruba et al. [22], reported a reduction
in β-cell density and a 30% reduction in β-cell mass when comparing human islets
samples from diabetic and non-diabetic patients. The reasons for development of
β-cell deficit in T2DM is less well established. However, increased frequency of β-cell
apoptosis is generally assumed to be a main contributor to decreased β-cell mass [3].
Several factors have been related to induction of apoptosis in β-cells. High glucose
concentration and elevated free fatty acid levels, two features commonly associated
with characteristics of T2DM, have been linked to reduced proliferative capacity
and increased apoptosis of β-cells in human islets [23]. Further, endoplasmic reticu-
lum (ER) stress leading to accumulation of unfolded or misfolded proteins activates
apoptotic pathways contributing to increased β-cell deficit [24]. In addition, in-
creased levels of reactive oxygen and nitrogen species inducing oxidative stress has
in both animal and human T2DM-models been linked to increased apoptosis and
reduced secretory capability of β-cells [25]. Antioxidant defense capacity in β-cells
are low, consequently, these cells are susceptible to elevated oxidative stress [25].
Elevated levels of β-cell death morphologically distinct from apoptosis has also been
found to associate with altered autophagy, a regulated process of removing and re-
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3. Theory

cycling dysfunctional components in the cell [26]. Marked autophagy may induce
non-apoptotic cell death. These results implies that other cell death pathways than
apoptosis may be contributing to elevated β-cell death in T2DM [26]. Moreover,
the decrease in β-cell mass as a result of increased apoptosis does not seem to be
compensated for by increased regenerative capacity in the islets. It has been re-
ported that the rate of both β-cell replication and islet neogenesis (i.e formation of
new islets) measured in pancreatic autopsy samples remain similar between T2DM
samples and controls [3].

Several functional defects of pancreatic T2DM β-cells have also been discovered.
Insulin secretion in response to elevated glucose concentrations (16.7 mM) has been
reported to be markedly lower in T2DM islets compared to controls [27]. Further,
it was in the same study also shown that expression levels of glucose transporters,
GLUT-1 and GLUT-2, responsible of transporting glucose over the plasma mem-
brane are reduced in T2DM islets. In addition to altered insulin secretion, mi-
tochondrial defects have also been reported. As has been described, intracellular
ATP/ADP ratio in pancreatic β-cells plays a crucial role in GSIS. In a study by M.
Anello et al. [28], islets from diabetic donors were not capable of increasing their
adenine nucleotide (ATP) content in response to elevated glucose levels (16.7 mM).
As a consequence, the ATP/ADP ratio were lower in these islets compared to con-
trols which could contribute to the altered secretory response to glucose observed.

3.6 Genetic theoretical concepts

3.6.1 Single nucleotide polymorphism (SNP)
The most common form of genetic variants in the human genome are single nu-
cleotide polymorphisms (SNPs) [29]. A SNP is a single base-pair change in the
DNA sequence of a gene that occur with high frequency in a population (in more
than 1%) [30]. The different forms of a SNP are called alleles. SNPs can lead to phe-
notypic changes by occurring in coding sequences of a gene and thus cause changes
in the amino acid sequence of a protein. However, SNPs also occurs in non-coding
sequences of genes, which is a less well-studied type of genetic variants. The non-
coding sequences of a gene, such as the 3’ untranslated region (3’UTR) of mRNAs,
often contains functional sequence elements that are important in transcription of
a gene and gene regulation [30]. SNPs in such regions can cause changes to the
stability of mRNA transcript or affect gene expression by up- or down-regulating a
gene. Example of elements in non-coding regions that can be affected are microRNA
target sites [30]. MicroRNAs are important elements in gene silencing by binding
to a target mRNA, bringing RNA-induced silencing complex (RISC) and allowing
the gene expression to be repressed. Further, the 3’UTR region contains sequence
elements regulating polyadenylation of mRNA [29, 30]. The two genetic variants of
Target X are SNPs in non-coding regions linked to increased expression of the gene.
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3. Theory

3.6.2 Genome-Wide Association Studies (GWAs)
Genome-wide Association Studies (GWAs) have become a powerful tool for inves-
tigation of how genetics are associated with complex diseases [29]. In GWAs, large
sets of SNPs are assayed for association with a trait or a disease. A GWA study is
typically carried out with two groups of people, one group with the disease being
studied, and one group of healthy people [31]. The genomes of all participants are
sequenced and scanned for specific genetic markers and genetic variants. For all ge-
netic variants, the allele frequency is examined between the two groups. If a genetic
variant is significantly more common in individuals with the disease compared to
individuals in the other group, the genetic variant is said to be associated with the
disease. GWA studies have revolutionized the identification of genetic risk factors
in common and complex diseases and have contributed to the field of personalized
medicine in pharmacology [29, 31].

3.6.3 Expression quantitative trait loci (eQTL)
Genetic studies have enabled detection of genetic variants that regulates gene ex-
pression. Expression quantitative trait loci (eQTL) are variants (SNPs) of DNA
sequences in the genome that affects the expression level of one or more genes [32].
The term QTLs refers to loci in the genome that correlates with a specific trait (e.g.
risk of disease). With eQTLs, the trait that is being studied is gene expression. By
studying the genetic differences between individuals in populations, eQTLs can be
identified. The genome of each individual needs to be sequenced followed by a mea-
surement of the expression of each gene in each individual by either RNA sequencing
or expression microarray. After analysis of sequencing data, individuals are subse-
quently grouped according to the allele of the SNP they carry. Using statistical
tests, significant variations in gene expression between groups and alleles can be
identified. Logarithm of odds (LOD) is a score that indicates if a statistical linkage
exists between mRNA level and genotype. If the LOD score of a region is high, that
indicates that there is a significant variation in mRNA levels between the inherited
alleles between groups, then that region is called an eQTL [32]. eQTLs can be di-
vided into local or distant eQTLs. If the eQTL influence gene expression of genes
nearby, the eQTL is local. Further, local eQTLs can influence gene expression either
as a cis-eQTL or a trans-eQTL. A cis-eQTL affects the expression of only the copy
of a gene that is located on the same chromosome as the eQTL. That is, the copy of
the gene at one of the two copies of a chromosome inherited from both parents. A
trans-eQTL on the other hand, influence the function, expression or structure of a
factor that in turn alter the expression of a gene. If a trans-eQTL regulates a gene
near to it, it is a local trans-eQTL. If an eQTL instead regulates a gene that is not
located near it but further away, it is defined as a distant eQTL. The majority of
distant eQTLs are trans-eQTLs. So far, the most common type of eQTLs identified
in all species are local eQTLs [32]. The SNPs of Target X associated with T2DM
have been identified as cis-eQTLs linked to upregulation of Target X expression.
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3.7 Cell lines

3.7.1 EndoC-βH1 cells
The impact of upregulating Target X on pancreatic β-cells was in this project studied
in a human pancreatic β-cell line, EndoC-βH1. The cell line has been generated
from human fetal pancreases and the cells express many genes and markers, such
as transcription factors, that are β cell-specific [33]. Further, expression of markers
that are specific to other pancreatic cell types have not been found at significant
levels in EndoC-βH1. The insulin content in these cells is stable over passages and
stimulation with glucose induces insulin secretion [33].

3.7.2 MIN6 cells
Functional analysis of Target X was also performed in experimental work with a
mouse pancreatic β-cell line, MIN6. MIN6 is a mouse β-cell line established from β-
cell tumors, insulinomas, in transgenic mice [34]. The cell line has been observed to
have similar insulin secretion in response to glucose stimulation as islets with a six-
to seven-fold increase in insulin secretion at 25 mM glucose compared to at 5 mM
glucose [35]. MIN6 cells have a rapid uptake of glucose due to high expression levels
of glucose transporter GLUT-2. Vmax of GLUT-2 for glucose transport is greater
than that of GLUT-1, which is the glucose transporter in human β-cells [35]. Studies
of gene expression and hormone secretion of MIN6 cells have revealed that MIN6
is not a pure β-cell line, and that the cells predominantly produce insulin, but also
other hormones of the other endocrine cell types in the islets such as glucagon,
somatostatin and ghrelin [36].

3.8 Techniques & Functional assays

3.8.1 Adenoviral transduction
Overexpression of Target X was in this study achieved using an adenoviral vec-
tor. Adenoviruses are non-enveloped, double-stranded DNA viruses classified into 7
species (A-G) and further subdivided into more than 50 serotypes based on genetic
analyses [37]. The various human serotypes have been associated with ability of in-
fecting a range of tissues causing diseases such as respiratory disease, conjunctivitis,
gastroenteritis and pharyngoconjunctival fever [38, 39]. Adenoviruses are commonly
used as vectors for gene transfer in mammalian cells. Advantages of using aden-
oviruses as vectors include excellent transduction efficiency, ability to infect both
dividing and non-dividing cells, easily manipulated genome and well-characterized
biology and structure [40, 41]. Deletions of viral proteins in early regions of the
viral genome eliminates self-replication of the adenovirus [40]. Transduction with
adenovirus results in a transient gene expression in the host cell [42].
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3.8.2 Quantitative real-time PCR
Quantitative real-time Polymerase Chain Reaction (qPCR) is a widely used technol-
ogy that has become the method of choice for detection of mRNA levels. In contrast
to PCR, qPCR is quantitative and allows for real-time detection of the concentration
of amplified DNA in the sample of each of the PCR cycles. To detect the mRNA
expression levels with qPCR, the mRNA needs to be reverse transcribed into cDNA
[43]. Detection of the amplified DNA is enabled by labeling it with a fluorescent re-
porter probe or a DNA binding dye. The probes used in this study are labeled with
a non-fluorescent quencher and a minor groove binder (MGB) at the 3’ end. The
MGB component increases the melting temperature and hybridization specificity of
the probe [44]. At the 5’ end the probe is labeled with a fluorogenic reporter dye,
6-Carboxyfluorescein (FAMT M). The fluorescence from the reporter fluorochrome is
suppressed by the close proximity to the quencher by fluorescence energy transfer
(FRET). After hybridization of the probe to its complementary DNA, it is degraded
by the Taq polymerase during extension of the DNA, releasing the fluorogenic re-
porter from the probe and from the quencher. This results in fluorescence emitted
from the reporter fluorochrome that can be detected [45].

The amount of fluorescent signal that is detected during the amplification is di-
rectly proportional to the DNA in the sample prior to the PCR process. When the
detected amount of fluorescence reaches an assigned threshold, that PCR cycle is
assigned the threshold cycle (CT ). The CT value is set at a level where the PCR
amplification is in the exponential phase and it is inversely related to the initial
concentration of the cDNA template (i.e. the higher CT , the lower amount of initial
cDNA template) [43]. To enable comparison between samples, mRNA levels are
normalized to measured levels of an internal reference gene. The expression levels
of that gene is assumed to be stable in different experimental treatments [46]. In
this project samples are normalized to glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) which is commonly used as a reference gene in qPCR. The relative gene
expression is obtained using ∆∆CT -method. The CT values of the genes are sub-
tracted by the CT values of the reference gene and a ∆CT value is created, see
equation 3.1. Next, a ∆∆CT value is obtained by subtracting the ∆CT values of the
samples with the ∆CT value of a reference gene, see equation 3.2. By calculating 2
to the power of -∆∆CT , the relative expression of each gene is obtained, see equation
3.3, with the relative expression of the reference sample set to 1 [47].

∆CT = CT (gene) − CT (reference) (3.1)

∆∆CT = ∆CT (gene) −∆CT (reference) (3.2)

2−∆∆CT (3.3)
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3.8.3 Homogeneous Time-Resolved Fluorescence
Homogeneous Time-Resolved Fluorescence (HTRF) is an immunoassay developed
by Cisbio Bioassays [48]. HTRF immunoassay is used in this study in the glu-
cose stimulated insulin secretion (GSIS) assay to measure the amount of insulin
secreted. The technology is a combination of time resolved measurement and FRET
technology. The FRET phenomena can be detected with unbound components in
the sample, consequently there is no need for further separation or washing steps
in HTRF assays. Time-resolved measurements eliminates short-lived background
noise from e.g. buffers or proteins, by introducing a time-delay between excitation
and measurement. Since the fluorescence emitted from the acceptor is long-lived,
the FRET signal will thus still be detected [48]. In HTRF immunoassay, there
are different donor-acceptor pairs of fluorophores that can be used. In the GSIS
assay, the donor, Europium cryptate (Eu3+ cryptate), is a complex of a lanthide
ion, Europium, embedded in a cyclic macromolecule, a trisbipyridine motif. The
structure of the complex is the key behind the long-lived fluorescence in HTRF. A
pigment purified from red algae, XL655, is the acceptor. Both the acceptor and
donor are bound to a monoclonal antibody specific to insulin. When the pair is at
close proximity, fluorescence can be detected at a wavelength of 665nm [48].

3.8.4 Apoptosis Assay
Apoptosis, or programmed cell death, is a highly conserved mechanism essential
for cellular homeostasis and maintenance of cell number in tissues of multicellu-
lar organisms. The mechanisms of apoptosis are highly regulated and complex,
and regulatory failure or impairment can cause e.g. neurodegenerative diseases, de-
fects or cancer [49]. As previously has been described, T2DM is characterized by
a decrease in total β-cell mass and increased frequency of β-cell apoptosis [3]. To
address whether Target X impacts apoptosis in β-cells, apoptosis was stimulated
in an assay measuring the activity of caspase 3 and 7. Both these members of the
cysteine aspartic acid-specific protease (caspase) family are involved in the coordina-
tion of apoptosis in mammalian cells [50]. The Caspase-Glo® 3/7 Assay (Promega)
[51], is based on detection of luminescence revealing the amount of caspase 3 and
7 activity in the sample. A caspase 3/7 specific luminogenic substrate, Z-DEVD-
aminoluciferin, is added to the cells. Induction of apoptosis results in cleavage of the
substrate by caspase 3/7 and release of aminoluciferin, a luciferase substrate. Re-
action between the luciferase and aminoluceferin generates a luminescent light that
can be measured. The luminescent signal is proportional to caspase 3/7 activity
[52]. Three types of apoptosis inducers, tunicamycin, thapsigargin and a cytokine
mixture, are used to stimulate apoptosis in the caspase 3/7 assay. Tunicamycin
is a N-glycosylation inhibitor blocking the synthesis of N-linked oligosacharides in
the endoplasmic reticulum (ER) [53]. Further, tunicamycin promotes ER stress and
induces apoptosis by disruption of protein folding in ER [54]. Thapsigargin inhibits
ATP-dependent Ca2+-pumps in ER leading to depletion of internal ER Ca2+ stores,
accumulation of unfolded proteins and ER stress [55]. The mixture of cytokines con-
sists of interleukin-1β (IL-1β), tumor necrosis factor alpha (TNF-α) and interferon-γ
(IFN-γ).
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3.8.5 Proliferation assay
Impact of Target X on the proliferative capacity of β-cells was in this study evaluated
in a proliferation assay. Proliferating cells are detected by addition of 5-ethynyl-2-
deoxyuridine (EdU), a thymidine analogue in which the methyl group has been
replaced with an alkyne group. EdU can be incorporated into DNA synthesized in
dividing cells during S-phase. Detection is achieved through the covalently binding
of a fluorescent azide to the alkyne group in EdU. Thus, labeling dividing cells and
allowing them to be detected by imaging [56]. Nuclei of all cells are stained with a
Nuclear Blue stain. Proliferation was assessed in response to two stimuli; glucose
and 1-azakenpaullone (1-AKP), which is an inhibitor of Glycogen synthase kinase-3
(GSK3) [57]. GSK3 is a regulator in the insulin signaling pathway and has been
shown to be a negative regulator of β-cell proliferation [58]. Further, inhibition of
GSK3 has been revealed to stimulate proliferation of pancreatic β-cells [57].
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4
Materials & Methods

This section describes the cell culturing of EndoC-βH1 and MIN6 cells. Furthermore,
the methods of the functional assays and analyses performed are outlined as well as
the materials used. In statistical analysis of generated data, only p-values ≤ 0.05
were considered significant.

4.1 Cell culture: EndoC-βH1
EndoC-βH1 cells were maintained at 37℃ and 5% CO2 in DMEM (5.5 mM glucose)
supplemented with 0.01% β-mercaptoethanol, 10 mM Nicotinamide, 1% Penicillin-
Streptomycin, 2% Fatty acid free albumin from bovine serum (BSA) fraction, 5.5
µg/mL Transferrin and 0.001% Sodium selenite. Cells were passaged once a week.
For further information of EndoC-βH1 culturing, see appendix A.

4.2 Cell culture: MIN6
MIN6 cells were maintained at 37℃ and 5% CO2 in DMEM (25 mM glucose) sup-
plemented with 10% fetal bovine serum (FBS), 1% Penicillin-Streptomycin and 50
µM β-mercaptoethanol. Medium was changed every third day and cells were pas-
saged when 70-80% confluent. For further information of MIN6 cell culturing, see
appendix B.

4.3 Adenoviral vectors
Adenoviral vectors were premade by Vigene Biosciences, derived from adenovirus
type 5 and with two early regions, E1 and E3, deleted. The first vector contained
the open reading frame (ORF) of Target X with a C-terminal Flag-HIS tag, and the
second vector, serving as a control, contained an ORF encoding green fluorescent
protein (GFP). The ORFs have been cloned into an adenoviral vector backbone,
pAD, and are under regulation by a strong cytomegalovirus (CMV) promoter, see
appendix D, figure D.1.

15



4. Materials & Methods

4.4 Selection of adenoviral concentration for over-
expression

4.4.1 RNA extraction
Cells were seeded in a 96-well plate at a final concentration of 50*103 cells/well in
100 µL culture media. For EndoC-βH1 cells the wells were coated with fibronectin
and ECM. The plate was incubated overnight at 37℃. Cells were transduced with
adenovirus containing vector with GFP or Target X in a range of MOIs (multiplicity
of infection) (0-1000 for EndoC-βH1 and 0-500 for MIN6). The plate was incubated
at 37℃ and culture media was changed after 24 hours. RNA was extracted us-
ing RNeasy Mini® kit (Qiagen®). After 72 hours, cells were lysed according to
instructions in manufacturer’s protocol of RNeasy Mini® kit (Qiagen®). Samples
were diluted at a 1:2 ratio with ethanol. To extract RNA, instructions according to
manual were followed and optional DNase digestion steps were included.

4.4.2 Quantitative PCR (qPCR)
Quantitative PCR was used to evaluate the mRNA levels of Target X in EndoC-
βH1 cells and MIN6 cells transduced with adenovirus in a range of MOIs (0-1000
for EndoC-βH1 and 0-500 for MIN6). RNA was extracted using RNeasy Mini®
kit (Qiagen®) as previously outlined. Concentration of RNA was measured using
NanoDrop to an average concentration of 10 ng/µL. Due to low concentration of
RNA, 14.2 µL of each sample was used in the DNA synthesis instead of 10 µL
as instructed in protocol. To each sample, 2 µL 10xRT Buffer, 0.8 µL 125xdNTP
MIX (100 mM), 2 µL 10xRT Random Primers and 1 µL MultiscribeT M Reverse
Transcriptase was added to a total volume of 20 µL. The plate was sealed followed
by a brief centrifugation to avoid air bubbles and to spin down contents. Reactions
were loaded in a thermal cycler and the program in table 4.1 was run.

Table 4.1: Reverse transcription program scheme.

Step Temperature (℃) Time
Incubation 25.0 10 min.
Reverse transcription 37.0 2.00 hr.
Inactivation of reverse transcriptase 85 5 min.
Cooling 4 ∞

The cDNA synthesized was used as a template in qPCR. TaqMan® probes were
ordered from and premade by Thermofisher. Gene evaluation was done for Target
X and a housekeeping gene, glyceraldehyde-3-phosphate dehydrogenase (GAPDH/-
Gapdh). Since two splice variants of Target X exists, a TaqMan® probe with best
coverage was used to ensure detection of both variants. Samples were diluted to 5
ng/µL with DNase- & RNase-free H2O. Next, 2 µL sample was mixed with 5 µL
TaqMan® Gene Expression Master Mix (Thermofisher), 2.5 µL RNase-free H2O and
0.5 µL TaqMan® probe to a total volume of 10 µL. PCR was run in QuantstudioT M
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7 Flex Real-Time PCR system according to the scheme in table 4.2. Comparative
CT method was used to obtain relative gene expression of Target X. Measured values
of Target X were normalized to measured levels of GAPDH or Gapdh.

Table 4.2: qPCR program scheme.

Temperature (℃) Time Number of cycles
50.0 2 min 1
95.0 10 min 1
95.0 15 sec

}
4060.0 1 min

4.5 Apoptosis Assay
Apoptosis was evaluated when induced by tunicamycin, thapsigargin and a mixture
of cytokines (IL-β, TNF-α, IFN-γ) using Caspase-Glo® 3/7 Assay (Promega). Cells
were seeded in a 96-well plate at a final concentration of 50*103 (EndoC-βH1) and
30*103 (MIN6) cells/well in 100 µL culture media. For EndoC-βH1 cells the wells
were coated with fibronectin and ECM. The plate was incubated overnight at 37℃.
Cells were transduced with adenovirus diluted in culture medium at final concentra-
tions of MOI 50 and MOI 200. The plate was incubated 24 hours at 37℃. Media was
replaced by 100 µL culture media and the plate was incubated at 37℃ overnight.
Dilutions with culture medium of apoptosis inducers were prepared to final concen-
trations of: 15 µg/mL tunicamycin, 2 µM thapsigargin and cytokine mixture (IFN-γ
40 ng/mL, IL-1β 20 ng/mL, TNF-α 40 ng/mL). DMSO (1:1000) was added to con-
trol since stock solutions of inducers were dissolved in DMSO. Media was replaced
by 100 µL reagent media and the plate was incubated at 37℃ overnight. The next
morning Caspase-Glo® Substrate was mixed with Caspase-Glo® Buffer (2.5 mL)
resulting in Caspase-Glo® reagent. To each well, 100 µL reagent was added and
the plate was incubated at room temperature for 45 minutes. Luminescence was
read in PHERAstar FS® plate reader and data was analyzed in GraphPad Prism 7.
Statistical significance was determined using two-way ANOVA followed by Sidak’s
multiple comparisons test using Prism analysis program (GraphPad Prism 7).

4.6 Glucose Stimulated Insulin Secretion Assay
Cells were seeded in a 96-well plate at a final concentration of 50*103 cells/well in
100 µL culture media. For EndoC-βH1 cells the wells were coated with fibronectin
and ECM. The plate was incubated overnight at 37℃. Cells were transduced with
diluted adenovirus at final concentrations of MOI 50 or MOI 200. The plate was
incubated 24 hours at 37℃. Media was replaced by 100 µL/well culture media. The
plate was incubated at 37℃ overnight. For EndoC-βH1 cells media was replaced by
100 µL/well culture medium (2.8 mM glucose) to starve the cells the day before the
assay. The glucose starvation reduces variations in basal insulin secretion between
cells. The plate was incubated at 37℃ overnight. At the day of the assay, media
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was replaced by 100 µL Krebs buffer (100 µL Krebs-Ringer buffer, CaCl2 1.007 mM,
BSA fraction 0.2%, Glucose 0.5 mM) for EndoC-βH1 cells. With MIN6 cells, media
was replaced with 200 µL glucose-free Krebs buffer (200 µL Krebs-Ringer buffer,
CaCl2 2.5 mM, BSA fraction 0.10%). The plate was incubated at 37℃, 1 hour.
For Krebs-Ringer Buffer preparation, see appendix C, tables C.1 and C.2. Media
was then replaced by 100 µL low glucose Krebs buffer (100 µL Krebs-Ringer buffer,
CaCl2 1.007 mM, BSA fraction 0.2%, Glucose 2.8 mM, 0.5 mM IBMX) or 100 µL
high glucose Krebs buffer (100 µL Krebs-Ringer buffer, CaCl2 1.007 mM, BSA frac-
tion 0.2%, Glucose 16.7 mM, 0.5 mM IBMX). With MIN6 cells, media was replaced
with 200 µL low glucose Krebs buffer (200 µL Krebs-Ringer buffer, CaCl2 2.5 mM,
BSA fraction 0.10%, Glucose 2.8 mM) or 200 µL high glucose Krebs buffer (200 µL
Krebs-Ringer buffer, CaCl2 2.5 mM, BSA fraction 0.10%, Glucose 16.7 mM). The
plate was incubated at 37℃, 1 hour before 60 µL/sample was transferred to a new
96-well plate and centrifuged at 4℃ (3000 rpm, 5 min). To ensure that only super-
natant and no cells were collected, 40 µL/sample was collected from top of sample
volume and transferred to a new 96-well plate.

Amount of insulin secreted was quantified using Insulin Sensitive Kit (Cisbio As-
says). An insulin standard curve was prepared in the range 10-0.312 ng/mL. Samples
were diluted with Krebs buffer (100 µL Krebs-Ringer buffer, CaCl2 1.007 mM, BSA
fraction 0.2%, Glucose 0.5 mM). Stock solutions with antibodies bound to XL655
and Cryptate were diluted 1:40 in Reconstitution Buffer (50 mM phosphate buffer,
pH 7.0). Reagents were added to a black walled 384-well plate in the following
order; 10 µL sample or insulin standard, 5 µL anti-insulin Ab-cryptate and last 5
µL anti-insulin Ab-XL655. Plate was covered with a black plate film and incubated
for 2 hours at room temperature. Homogenous time-resolved fluorescence was read
in PHERAstar FS® plate reader. Insulin levels were determined by interpolating
measured fluorescence intensity of samples to insulin standard curve using linear
regression in Prism analysis program (GraphPad Prism 7).

4.7 Proliferation assay
Proliferation when overexpressing Target X was evaluated using Click-iT® EdU HCS
Assay (Invitrogen).

4.7.1 EndoC-βH1 cells
Cells were seeded in a black walled 96-well plate coated with ECM and fibronectin
at a final concentration of 50*103 cells/well in 100 µL culture media followed by
incubation at 37℃ for two days. Cells were transduced with adenovirus, MOI 50
and MOI 200, containing GFP or Target X and were incubated at 37℃ for two days.
In order to synchronize the proliferation between cells, media was replaced with 100
µL culture media containing 0.5 mM glucose, see appendix A, table A.2. Cells were
incubated at 37℃ for 6 hours. Media was replaced with 100 µL of either 2.8 mM
Glucose culture media (DMSO 1:1333), 2.8 mM Glucose Culture media (15 µM 1-
AKP in DMSO) or 5.5 mM Glucose culture media and cells were incubated at 37℃
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for three days. EdU was diluted in respective culture media and 50 µL was added to
each well obtaining a final concentration of 10 µM. Cells were incubated at 37℃ for 4
hours. Media was removed and 100 µL 3.7% methanol-free formaldehyde in PBS was
added to fix the cells, followed by 15 min incubation at room temperature. Fixative
was removed and cells were washed twice with PBS. To permeabilize the cells, 100 µL
of 0.1% Triton® X-100 in PBS was added to each well followed by incubation 15 min
at room temperature. Permeabilization buffer was removed followed by washing with
PBS twice. To each sample, 80 µL Click-iT® reaction cocktail (69 µL Click-iT® EdU
reaction buffer, 3.2 µL CuSO4, 0.2 µL Alexa Fluor®647 azide, 8 µL Click-iT® EdU
buffer additive (diluted 1:10 in deionized H2O)) was added followed by incubation
for 30 min at room temperature protected from light. HCS NuclearMaskT M Blue
stain was diluted 1:2000 in PBS. Click-iT® reaction cocktail was removed and 100
µL diluted HCS NuclearMaskT M Blue stain solution was added to each well to stain
nuclei, followed by 30 min incubation at room temperature protected from light.
The HCS NuclearMaskT M Blue stain was removed followed by two washing steps
with PBS. PBS was added to all wells and plate read by imaging in ImageXpress
Micro. Images were analyzed and data was generated using MetaXpress® image
analysis software. Data was further analyzed in GraphPad Prism 7. Statistical
significance was determined by using one-way ANOVA followed by Tukey’s multiple
comparisons test using Prism analysis program (GraphPad Prism 7).

4.7.2 MIN6 cells
MIN6 cells were incubated in two different mediums (with BSA or with FBS) to eval-
uate how these treatments affected proliferation. Cells were seeded in a black walled
96-well plate at a final concentration of 20*103 cells/well in 100 µL culture media.
Cells were incubated at 37℃ for two days before being transduced with adenovirus,
MOI 200 and MOI 500, containing GFP or Target X. Cells were incubated at 37℃
for two days. Media was replaced with 100 µL DMEM (2.5 mM glucose, 0.1% BSA
fraction) and cells were starved for 18 hours in order to synchronize proliferation
between cells. Cells were incubated at 37℃ for 48 hours with either DMEM (1%
BSA fraction) and glucose concentrations 2.5 mM, 12 mM or 25 mM, or DMEM
(10% FBS) and glucose concentrations 2.5 mM, 12 mM or 25 mM. EdU was diluted
in respective incubation media and 50 µL was added to each well obtaining a final
concentration of 10 µM. Cells were incubated at 37℃ for 2 hours. Assay was run
and analysis was proceeded as outlined in section 4.7.1.

19



4. Materials & Methods

20



5
Results & Discussion

In this section, generated results from the measurements with both EndoC-βH1
cells and MIN6 cells are presented and discussed. In section 5.1 the results obtained
in qPCR analyses leading to the determination of adenoviral concentrations to be
used in the study are presented and discussed. Further, the results from the three
functional assays are presented and discussed starting with the apoptosis assays
presented in section 5.2, the proliferation assays in section 5.3 and the results from
the GSIS assays in section 5.4. Last, the generated data is further compared and
discussed in section 5.5.

5.1 Determination of adenoviral concentrations for
overexpression of Target X

As the impact of Target X and its function in β-cells was examined in this study in
response to an overexpression of the gene to simulate the state in T2DM, a first and
important step was to determine the concentrations of adenovirus needed to reach
a suitable level of overexpression. Previous to this study, the mRNA expression of
Target X in EndoC-βH1 cells and in human islets have been measured, see figure 2.2
(b). As seen, the mRNA expression of Target X is markedly lower in EndoC-βH1
cells compared to in human islets. As it was desirable to mimic the conditions in
healthy human islets as a control, and in T2DM to study the function of Target X
in the disease state, it was feasible to use two concentrations of adenovirus to over-
express Target X in EndoC-βH1. The concentrations chosen were based on a qPCR
analysis performed, in which a range of MOIs (0-1000) were analysed, see figure
5.1 (a). The basal mRNA expression, expressed as ∆CT , of Target X/GAPDH in
human islets was equal to 0.0025, see figure 2.2 (b). In the qPCR analysis seen in
figure 5.1 (a), MOI 50 resulted in an mRNA expression of Target X similar to the
basal expression levels in the human islets. Further, an overexpression of Target X
that was elevated in comparison to the upregulation in expression in T2DM β-cells
was of desire to enlarge and enable detection of the effect of overexpressing Target
X. As can be observed in figure 2.2 (a), there is a 2-3 fold upregulation in mRNA
expression in T2DM β-cells compared to healthy ones. Therefore, MOI 200 was
chosen as the concentration of overexpression of Target X since MOI 200 resulted
in a 5-fold increase in mRNA expression of Target X compared to basal expression
levels in human islets, see figure 5.1 (a).
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The function of Target X in β-cells was in this study also examined in a mouse
β-cell line, MIN6. The basal expression level of Target X (mouse) in MIN6 was
measured in a qPCR analysis. Cells were in the same analysis transduced with
adenovirus in a range of MOIs (0-500), see figure 5.1 (b). As a 5-fold increase in
expression of Target X (human) was used in the study with the EndoC-βH1 cells
compared to expression levels in the human islets, it was feasible to use the same
fold change in expression with MIN6 cells compared to basal expression levels of
Target X (mouse). As can be observed in figure 5.1 (b), MOI 200 resulted in an
expression of Target X (human) approximately 5-fold larger than the expression of
Target X (mouse). Hence, MOI 200 was decided to be used in the functional assays
with MIN6 cells.

(a) (b)

Figure 5.1: qPCR analysis of Target X mRNA expression. Values have been normalized
to GAPDH or Gapdh and are displayed as calculated ∆CT values. Figure (a) displays
mRNA expression of TargetX/GAPDH in EndoC-βH1 cells transduced with either GFP
vector (Ctrl) or vector containing Target X. Cells were transduced in a range of MOIs from
0-1000 (only MOIs 0-200 displayed). In figure (b) mRNA expression of Target X (mouse)
in non-transduced samples are shown. The figure also displays the mRNA expression of
Target X in samples transduced with Target X in a range of MOIs from 0-500. Error bars
represents standard deviation.
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5.2 Apoptosis assay
That a decrease in β-cell mass is central in the development of T2DM is supported
by several studies [3, 21]. The main contributor to the decrease is generally as-
sumed to be increased frequency of β-cell apoptosis [3]. There are several molecular
mechanisms and pathways involved in and regulating mammalian apoptosis. To our
knowledge, the role of Target X in β-cell apoptosis has prior to this project not been
investigated. Hence, it was therefore unknown if Target X had a role in apoptosis
and if so, in which mechanism regulating β-cell apoptosis it possibly was involved
in. A screen was therefore completed with the EndoC-βH1 cells with three induc-
ers known to induce apoptosis in pancreatic β-cells but with different mechanisms,
see figure 5.2 (a). All three inducers successfully induced apoptosis compared to
control (DMSO). Interestingly, a significant reduction in apoptosis was seen when
comparing overexpression with GFP (control virus) and Target X in apoptosis in-
duced by cytokines (TNF-α, IFN-γ, IL-1β). This was unexpected as the genetic
evidences suggests that an upregulation of Target X would have a detrimental im-
pact on the biological function of β-cells. The experiment was repeated three times
with only induction of apoptosis by the mixture of cytokines and with two MOIs.
In all three experiments a significant reduction in apoptosis when overexpressing
Target X compared to results with GFP was observed, see figure 5.2 (b). To address
the possibility that the adenoviral transduction affected apoptosis, non-transduced
samples (no virus) were included in the same measurement to enable a comparison
to transduced ones. As seen in 5.2 (b), there is a small, but not significant, increase
in apoptosis in transduced control (DMSO) samples compared to non-transduced
control (DMSO) samples. The results implies that the transduction with adenovirus
does not have a significant impact on apoptosis.
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(a)

(b)

Figure 5.2: Caspase 3/7 activity measured by relative luminescence intensity in EndoC-
βH1 cells. In figure (a), apoptosis has been induced by tunicamycin (15 µg/mL), thapsi-
gargin (2 µM) or a cytokine mixture (TNF-α, IFN-γ, IL-1β). Sample with DMSO serve as
control. In figure (b), apoptosis has been induced by a cytokine mixture. Error bars repre-
sent standard deviation. *** denotes a significant level of p≤0.001, * denotes a significant
level of p≤0.005.

The impact of overexpressing Target X on apoptosis in β-cells was further
examined in MIN6 cells. A screen with the same apoptosis inducers used in the
apoptosis assay with EndoC-βH1 was performed with the MIN6 cells as well. All
three inducers successfully induced apoptosis compared to control (DMSO), see fig-
ure 5.3 (a). As seen, there is a suggested trend that overexpression of Target X
possibly increase apoptosis in MIN6 cells compared to samples transduced with
GFP. To further validate the significance of this trend, the assay was repeated with
more replicates and with only tunicamycin as inducer. Tunicamycin was chosen as
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inducer in the repeated apoptosis assay since that inducer appeared as the most ef-
ficient one in the first measurement, and returned a significant increase in apoptosis
when overexpressing Target X. However, no significant difference in apoptosis could
be observed in the repeated measurement, see figure 5.3 (b).

(a) (b)

Figure 5.3: Measured caspase 3/7 activity by relative luminescence intensity in MIN6
cells transduced with GFP or Target X, MOI 200. In figure (a) apoptosis has been induced
by addition of tunicamycin (15 µg/mL), thapsigargin (2 µM) or a cytokine mixture (TNF-
α, IFN-γ, IL-1β). In figure (b), apoptosis has been induced by tunicamycin (15 µg/mL).
Sample with DMSO serve as control. Error bars represent standard deviation. ns denotes
not significant.

In addition, a separate qPCR analysis with samples from the apoptosis assay
in figure 5.3 (b) was performed as a control of the mRNA expression of Target X in
MIN6 cells, see figure 5.4. The mRNA expression of Target X (human) and Target
X (mouse) was measured in samples transduced with MOI 200 and non-transduced
samples. As seen, MOI 200 returned an mRNA expression of Target X (human)
similar to the basal expression level of Target X (mouse). Consequently, the overex-
pression of Target X with MOI 200 in the performed apoptosis assay represents only
a 2-fold increase in mRNA expression, and not a 5-fold increase. Further, the mea-
sured mRNA expression of Target X (mouse) is similar in non-transduced samples
and samples transduced with MOI 200. Hence, it can be assumed that the trans-
duction of MIN6 cells with Target X did not affect the gene expression of Target X
(mouse).

The data from the apoptosis assays with EndoC-βH1 cells suggests that Target
X has a protective role in apoptosis induced by cytokines, which is further not sup-
ported in the data generated in the apoptosis assays with MIN6 cells. Nevertheless,
it should be taken into consideration that MOI 200 represents a 6-7 fold increase
of Target X compared to basal expression levels in EndoC-βH1, but only a 2-fold
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increase in MIN6 cells compared to basal expression levels of Target X (mouse).
Possibly, a repetition of the assay with increased MOI with MIN6 cells could have
generated a significant increase in apoptosis when overexpressing Target X, but this
remains to be further evaluated.

Figure 5.4: qPCR analysis of mRNA expression of Target X (human) and Target X
(mouse) in non-transduced samples and in samples transduced with Target X MOI 200.
Values have been normalized to Gapdh and are displayed as calculated ∆CT values. Error
bars represent standard deviation.

5.3 Proliferation assay
The influence of overexpressing Target X on proliferation in β-cells was examined
in an assay measuring DNA synthesis in dividing cells. A previously established
protocol for a proliferation assay with EndoC-βH1 cells was used and the cells were
induced with 1-AKP, a known inducer of proliferation in β-cells, or 5.5 mM glucose.
As displayed in figure 5.5, both inducers, 1-AKP and 5.5 mM glucose, successfully
induced proliferation compared to non-induced samples. However, when compar-
ing the results between samples transduced with GFP and Target X, no significant
difference was observed. When the proliferation assay was performed with MIN6
cells, a range of glucose concentrations, 2.5-25 mM glucose, were used to induce
proliferation. This, since proliferation of cells is known to be a glucose-dependent
process. Secondly, cells were grown in media supplemented with either 10% fetal
bovine serum (FBS) or 1% bovine serum albumin (BSA) to evaluate the impact of
respective treatment on proliferation. A third factor evaluated was the impact of
increased concentration, MOI 500, of adenovirus on proliferation. Not surprisingly,
MIN6 cells cultured in media supplemented with 10% FBS had increased percentage
of EdU incorporation compared to cells cultured in media supplemented with 1%
BSA, see figure 5.6 (a) and (b). FBS consists of BSA, but also other nutritional
and macromolecular factors that facilitates cell growth. Further, in both figure 5.6
(a) and (b) a dose-response trend can be seen between glucose concentration and
proliferation in which proliferation increase with increased concentration of glucose.
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In neither treatment nor with an increased MOI, a significant difference when over-
expressing Target X on proliferation in MIN6 cells can be observed. The data of the
impact of overexpressing Target X on proliferation in MIN6 cells is consistent with
the data generated in the proliferation assay with EndoC-βH1 cells suggesting that
overexpressing Target X does not affect proliferation in β-cells.

Figure 5.5: Displays the percentage of EdU incorporation in EndoC-βH1 cells transduced
with GFP or with Target X, MOI 200. Cells are treated with no inducer and 2.8 mM glucose,
or with inducer: 1-AKP in 2.8 mM glucose or 5.5 mM glucose. Error bars represent standard
deviation. ns denotes not significant.

(a) (b)

Figure 5.6: The percentage of EdU incorporation in MIN6 cells transduced with GFP or
with Target X. Cells have been incubated 48 hours with a range of glucose concentrations
of 2.5, 12, or 25 mM, with two different treatments and MOIs. In figure (a) cells have been
incubated in DMEM containing 10% FBS, MOI 200, and in figure (b) DMEM containing
1% BSA, MOI 500.
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5.4 Glucose stimulated insulin secretion assay
Insulin secretion by pancreatic β-cells in T2DM is insufficient to maintain blood
glucose levels within a normal range, which gradually results in development of hy-
perglycemia [16]. The impact of overexpressing Target X on insulin secretion in
β-cells was examined in a glucose stimulated insulin secretion (GSIS) assay. The
amounts of insulin secreted (ng/mL) in response to low- or high concentration of
glucose in EndoC-βH1 cells are displayed in figure 5.7 (b). In a healthy β-cell, the
insulin secreted when cells are stimulated with elevated glucose concentrations in-
crease several folds in comparison to basal insulin secretion [59]. As can be seen in
figure 5.7 (b), EndoC-βH1 cells transduced with GFP MOI 50 have a high basal
insulin secretion and low fold-response to GSIS. This is typical for EndoC-βH1 cells
and the data is consistent with a previous study by L. Andersson et al. [60], that
have observed elevated basal insulin secretion and a low fold-response to GSIS in
EndoC-βH1 cells. Surprisingly, when Target X is overexpressed, a significant in-
crease in fold-response to GSIS can be observed both at MOI 50 and MOI 200
compared to samples with GFP, see figure 5.7 (a). When cells are transduced with
Target X MOI 50, the increase in fold-response is mainly a result of suppressed basal
insulin secretion in comparison to samples transduced with GFP MOI 50, see figure
5.7 (b). With Target X MOI 200, the increase in fold-response is mainly caused by
increased insulin secretion in response to stimulation with 16.7 mM glucose com-
pared to samples transduced with GFP MOI 200. In T2DM patients, a decrease in
fold-response in GSIS compared to healthy control is commonly observed. Further,
the basal insulin secretion in response to low concentration of glucose is usually
enhanced compared to controls [61]. Since an upregulated expression of Target X is
associated with T2DM, a significant increase in fold-response to GSIS in correlation
with an overexpression of Target X was unexpected results. The results from the
GSIS assay with EndoC-βH1 cells suggest a positive impact of Target X upregula-
tion on insulin secretion in β-cells.
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(a) (b)

Figure 5.7: Insulin secreted (ng/mL) from EndoC-βH1 cells transduced with either GFP
or Target X and stimulated with either 2.8 mM glucose or 16.7 mM glucose. In figure (a),
the Stimulation Index (SI) for each sample is displayed as the fold change over low glucose.
In figure (b), the individual data for each sample is shown. Error bars represent standard
deviation. ** denotes a significant level of p≤0.01, * denotes a significant level of p≤0.05.

As previously has been described, MIN6 cells have similar insulin secretion in
response to stimulation by glucose as islets [35]. This was consistent with the results
from the GSIS assay in the present study with MIN6-cells seen in figure 5.8 (b). As
seen in the figure, a low basal insulin secretion and a several fold increase in insulin
secretion in response to glucose stimulation was observed, which is the typical pat-
tern of insulin secretion by healthy β-cells [59]. Contrary to the data generated in
the GSIS assay with EndoC-βH1, a significant decrease in fold-response to GSIS was
observed with the MIN6 cells, see figure 5.8 (a). The results supports the hypothesis
that an upregulation of Target X has a harmful impact on the function of pancreatic
β-cells. The results are further also consistent with the observation of a markedly
lower fold-response to GSIS in T2DM patients compared to healthy control [61]. As
a variation in mRNA expression in the previous qPCR analyses had been observed,
an individual qPCR analysis was done in addition to the GSIS assay with MIN6
cells. The results seen in figure 5.9 implies that MOI 200 used in the GSIS assay
results in a 2-fold increase in mRNA expression, in consistency to the qPCR anal-
ysis discussed in section 5.2. Again, the mRNA expression of Target X (mouse) in
non-transduced samples is similar to the expression level of Target X (mouse) in
transduced samples, suggesting that transduction with Target X (human) do not
impact Target X (mouse) mRNA expression. When comparing the results in this
assay between the two cell lines, it should thereby be noted that a difference exists
in folds of overexpression of Target X in the assays between them. The data gener-
ated in the GSIS assays with EndoC-βH1 cells and MIN6 cells implies that Target X
possibly has a functional role involved in insulin secretion in pancreatic β-cells. How-
ever, the data generated in the GSIS assays is inconsistent between the two cell lines.
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(a) (b)

Figure 5.8: Insulin secreted (ng/mL) from MIN6 cells transduced with either GFP or
Target X, MOI 200 or MOI 500, and stimulated with either 2.8 mM glucose or 16.7 mM
glucose. In figure (a), the Stimulation Index (SI) for each sample is displayed as the fold
change over low glucose. In figure (b), the individual data for each sample is shown. Error
bars represent standard deviation. ** denotes a significant level of p≤0.01, * denotes a
significant level of p≤0.05.

Figure 5.9: qPCR analysis of mRNA expression of Target X (human) and Target X
(mouse) in non-transduced samples and in samples transduced with Target X MOI 200.
Values have been normalized to Gapdh and are displayed as calculated ∆CT values. Error
bars represent standard deviation.
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5.5 Comparison of results with EndoC-βH1 &MIN6
The results generated in the GSIS assay and the apoptosis assay with EndoC-βH1
cells were somewhat unexpected and did not support the hypothesis that overex-
pression of Target X would have a deleterious effect on the function of β-cells. In
contrast, the results suggests that overexpression of Target X possibly has a bene-
ficial and protective influence on β-cell function. As previously has been described,
the vector used in the adenoviral transduction in this study contained splice variant
1 of Target X. The decision to overexpress splice variant 1, and not splice variant 2,
was based on a previous measurement of mRNA expression of Target X in healthy
human islets in which splice variant 1 was observed to be more abundantly expressed,
see figure 2.2 (b). Nevertheless, the expression levels of the two splice variants in hu-
man islets from T2DM donors have not been measured. Subsequently, there might
be a difference in expression levels of the two splice variants between healthy islets
and T2DM islets. It is possible, that there is an upregulation in gene expression of
splice variant 2 in T2DM that has a detrimental impact on β-cell function in T2DM.

The decision to study the function of Target X in two β-cell lines was based on
that the generated results with EndoC-βH1 cells were not consistent with the ge-
netic evidences. As described in section 5.1 and displayed in figure 2.2 (b), the
mRNA expression of Target X in EndoC-βH1 is very low compared to the expres-
sion in human islets. A possible consequence to consider is that the cell line might
have some compensatory mechanisms for the lack of Target X. As a result, an over-
expression of Target X would have minimal effect in a system that depends on other
enzymes or pathways. Further, EndoC-βH1 cells are grown in a serum-free culture
medium without any addition of fatty acids. Since Target X is involved in lipid
metabolism, an upregulation in gene expression of Target X might lead to depletion
of substrate in the pathway Target X is involved in. This would result in a reduced
effect of overexpressing Target X. Because of these two reasons, the decision was
made to evaluate Target X in a second cell line, MIN6.

When comparing the results from the functional assays between the two cell lines,
there are differences in the results between them. A possible reason is that dif-
ferences exists in post-translational processing of the protein between the two cell
lines, leading to an inefficient translation of Target X mRNA into functional protein
in MIN6 cells. The main contributor to the differences seen in results is, however,
probably the differences in folds of overexpression of Target X between the two cell
lines. As has been mentioned, the fold increase in EndoC-βH1 was 6-7 fold com-
pared to basal mRNA expression levels of Target X in EndoC-βH1, but the increase
was only 2-fold in MIN6 cells compared to basal mRNA expression levels of Target
X (mouse). According to the manufacturer of the adenoviral vector, the CMV pro-
moter is functional in different mammalian cell types. Nevertheless, a high cell type
variability in strength of the CMV promoter has been reported that could result in
differences in gene expression between the two cell lines [62].
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Variations observed in the results from the three qPCR analyses of mRNA ex-
pression of Target X in MIN6 cells could be a consequence of that the MIN6 cells
used in the three measurements are from different batches. Hence, the expression
levels of Target X might differ in between them. Further, even though the mRNA
levels of Gapdh are assumed to be stable, the levels of genes defined as housekeeping
genes have been reported to vary in different experimental conditions [63]. Differ-
ences between the measurements in levels of Gapdh can possibly have contributed
to variations in the qPCR results.
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6.1 Conclusions
Interestingly, overexpression of Target X in EndoC-βH1 cells resulted in a reduc-
tion in apoptosis induced by cytokines. That an overexpression of Target X would
have a protective influence in cytokine induced apoptosis was unexpected results,
and not consistent with the hypothesis that upregulation of Target X would have
a deleterious impact on β-cells. Further, overexpression of Target X significantly
increased the fold-response to GSIS in EndoC-βH1 cells. Again, this was surprising
results since fold-response to GSIS is markedly lowered in T2DM patients.

Functional evaluation of Target X in MIN6 cells did not support the results gen-
erated with the EndoC-βH1 cells. Instead, a small, but not significant, trend of
increased apoptosis when overexpressing Target X was observed. Further, a signifi-
cant decrease in fold-response to GSIS was observed when overexpressing Target X.
The results from the apoptosis assay and GSIS assay with MIN6 cells supports the
hypothesis of a harmful impact of Target X upregulation on pancreatic β-cells. No
functional influence of Target X on β-cell proliferation in MIN6-cells nor in EndoC-
βH1 cells was observed. Nevertheless, that the overexpression of Target X in the
functional assays with MIN6 cells only was 2-fold, is a factor to take into considera-
tion when comparing the generated results between the two cell lines in this study.
The results from the functional assays with EndoC-βH1 cells and MIN6 cells sug-
gests that upregulation of Target X expression may influence insulin secretion and
apoptosis in pancreatic β-cells.

6.2 Outlook
Additional studies and experiments can further increase the understanding of the
function of Target X, and the mechanism linking an upregulation of Target X to
T2DM. It would be of interest to measure the mRNA expression of the two splice
variants of Target X in T2DM islets to address the question whether there is a
change in the expression levels of splice variant 1 and 2 in T2DM islets compared
to healthy islets. It would further give an indication whether splice variant 2 might
have a detrimental influence. By using specific probes for the two splice variants in
a qPCR analysis with islets from T2DM donors, the mRNA levels can be measured.
However, isolated islets from T2DM donors are of limited availability.
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Measurement of the protein levels of Target X in the two cell lines would be of
interest. In this study, only the mRNA expression has been evaluated. By measur-
ing the protein levels of Target X, possibly by Western blot, it would be possible
to determine the translational efficiency of Target X. In addition, a measurement of
lipid intermediates in the pathway of Target X in transduced, and non-transduced
samples would give an indication of the functionality of the protein.

This study has given a base for further analysis of the impact of Target X upreg-
ulation on pancreatic β-cells. Future studies and functional analyses with primary
cells (i.e. human islets from cadaveric donors) would be valuable to get a greater
understanding of the mechanism connecting T2DM and Target X upregulation.

Furthermore, if future functional analyses can demonstrate a harmful connection
between an upregulation of Target X and T2DM, a next step would be to knock the
gene expression of Target X. This could contribute to increased understanding of
the functional role of Target X, and it would also simulate how an antagonistic drug
targeting Target X would impact the β-cells. The gene expression could possibly be
knocked by using siRNA.
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A
Appendix

A.1 Protocol for EndoC-βH1 cell passaging
Cells were passaged once a week. Volumes needed depends on area of new container,
see table A.3

1. Prepare new flasks/plates coated with fibronectin and ECM. See recipe table
A.1
2. Incubate flasks/plates at 37℃ at a minimum time of 1 hour.
3. Carefully remove culture media from flasks with cells and add Ca2+- and Mg2+-
free PBS to wash cells.
4. Remove PBS and add 0.05% Trypsin/EDTA.
5. Incubate at 37℃ for 3 min.
6. Add 20% FBS diluted in PBS to neutralize trypsin.
7. Move all liquid into a falcon tube and centrifuge (1200 rpm, 5 min).
8. Remove supernatant carefully. Add 1 mL culture media, see table A.2, and dis-
solve cell pellets by pipetting. Add culture media.
9. Count cells.
10. Remove coating media from prepared flasks/plates. Transfer cell suspension to
flask to a final concentration of 0.5*106 cells/mL.

Table A.1: Components and volumes needed in EndoC-βH1 coating medium.

Coating medium (for immediate use): For 50 mL
DMEM 4.5 g/L glucose (cold, 4℃) 50 mL
Penicillin/Streptomycin 1% 0.5 mL
Fibronectine 2 µg/mL 0.1 mL
Extra Cellular Matrix (Matrigel) 1% 0.5 mL
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Table A.2: Components and volumes needed in EndoC-βH1 culture medium.

Culture medium For 100 mL
DMEM low glucose (1 g/L) 100 mL
Penicillin/Streptomycin 1 mL
β-mercaptoethanol 0.1 mL
Nicotinamide 10 mM 1 mL
Fatty acid free BSA fraction V 2 g
Transferrin 5.5 µg/mL 10 µL
Sodium selenite 10 µL

Table A.3: Components and volumes needed in EndoC-βH1 cell splitting depending on
container area.

Component T25 T75 T225
Coating media (mL) 2.5 5.0 15.0
PBS (Ca−/Mg−) (mL) 5.0 10.0 30.0
0.05% Trypsin/EDTA (mL) 1.0 2.0 6.0
20% FBS (mL) 2.0 4.0 12.0
cell suspension (mL) 5.0 10.0 30.0
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B.1 Protocol for MIN6 cell passaging
MIN6 cells were passaged when cells approached 70-80% confluency (after approx-
imately 7 days). Culture media, see table B.1, was changed every second to third
day. Volumes needed when passaging MIN6 cells depends on area of new container,
see table B.2

1. Carefully remove culture media from flasks with cells and wash cells twice with
Ca2+- and Mg2+-free PBS.
2. Remove PBS and add 0.125% trypsin-EDTA.
3. Incubate at 37℃ for 3 min.
4. Tap well/flask firmly until cells come off.
5. Carefully rinse flask with culture media then transfer it to a falcon tube.
6. Spin down (140xg, 4 min).
7. Remove supernatant carefully. Add 1 mL culture media and dissolve cell pellets
by pipetting. Add culture media.
8. Count cells.
9. Transfer cell suspension to flask/well to a final concentration of 0.3*106 cells/mL.

Table B.1: Components and volumes needed in MIN6 culture medium.

Component Volume (mL)
DMEM (4.5 g/L glucose, L-Glutamine) 500
FBS 50
Penicillin-Streptamycin 5
β-mercaptoethanol (50 µM) 0.5

Table B.2: Components and volumes needed in MIN6 cell splitting depending on container
area.

Component T25 T75 T225
PBS (Ca−/Mg−) (mL) 5.0 10.0 30.0
0.125% Trypsin/EDTA (mL) 1.0 2.0 6.0
Cell suspension (mL) 5.0 10.0 30.0
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C
Appendix

C.1 Krebs-Ringer buffer
The following three solutions, see table C.1, can be prepared and kept during 6
months at +4℃. The solutions are to be mixed the same day according to table
C.2.

Table C.1: Components and volumes in the three solutions needed for Krebs-Ringer buffer.

Solution I Solution II Solution III
5.38 g NaCl (460 mM) 1.61 g NaHCO3 (96 mM) 117.6 mg CaCl2 –2H2O (4 mM)
200 mL H2O 300 mg KCl (20 mM) 200 mL H2O

76 mg MgCl2 (4 mM)
200 mL H2O

Table C.2: Components and concentrations in Krebs-Ringer buffer.

Component Concentration/percentage
BSA 0.2%
Eau maxima 25%
Solution I 25%
Solution II 25%
Solution II 25%
Hepes 10 mM
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D
Appendix

D.1 Adenoviral vector backbone

Figure D.1: Adenoviral vector backbone containing ORF under regulation of CMV pro-
moter. Courtesy of www.vigenebioscience.com, Copyright 2016 Vigene Biosciences Inc.
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