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(ASO) in a GLP1 receptor overexpressing HEK293 cell line
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Abstract
Diabetes mellitus is the name of a collection of different disorders characterized by
raised blood sugar levels due to either absolute or relative insulin insufficiency to
properly control the blood glucose levels in the body. The β-cells in pancreas don’t
have the ability to secrete insulin as much as required to meet the demand caused by
obesity-driven insulin resistance. Diabetes is a growing public health issue, where
type 2 diabetes is the most common form among the population. With the global
increase of obesity and the emerging epidemic of type 2 diabetes there is a need for
new medicines that cures type 2 diabetes.

Researchers at AstraZeneca are working on developing new drugs that are specifi-
cally targeting β-cells using antisense oligonucleotides (ASOs). ASOs have a great
potential to become a treatment because of the ability to bind and knockdown
genes. There are still challenges that needs to be overcome regarding the delivery
to specific cell types. One strategy to enhance the cellular uptake of ASOs is to
use ASOs conjugated to a peptide hormone called Glucagon-like peptide 1, that
can bind to a receptor found on the β-cells surface. Currently successful uptake of
ASOs is quantified by measuring the relative expression of gene inhibited with a
manual and low throughput qPCR assay. To speed up the process and to be able to
screen several ASOs, the aims of this study were to set up a two-step qPCR-based
semi-automated assay on GLP1 receptor overexpressing HEK293 cell line and pri-
mary mouse pancreatic islet cells to assess the delivery of a tool compound (ASO
targeting MALAT1 ). The assay used in this study was based on another in-house
assay, that involves cell lysis, cDNA synthesis of the accessible mRNA and qPCR
amplification reaction. However, the assay needed modifications to generate robust
and reproducible concentration-response curves showing the relative gene expression.

This study have shown that setting up a high-throughput qPCR based assay is
not straightforward and takes time to find the conditions for working assay in GLP1
receptor overexpressing HEK293 cells. Finding the right lysis buffer for the cell
type, using a Poly-D-Lysine coated plate, 10% lysate in the cDNA synthesis and
using hydrolysis (TaqMan) probes in the qPCR, solved the problem regarding the
performance of amplification reaction and relative gene expression (concentration-
response curves). The assay developed in this project can now be used for comparing
and ranking of ASOs with different conjugated GLP1 peptides based on the efficacy
and potency.
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1
Introduction

Diabetes mellitus is the name of an assembly of different syndromes characterized of
elevated blood glucose as a consequence of defective secretion or action of a peptide-
hormone called insulin [1]. If untreated, elevated glucose levels will with time lead
to serious negative effects on blood vessels, nerves, kidneys, eyes and heart [2].

Diabetes is a large and growing public health issue. According to the World Health
Organization, in 2014 an estimated 422 million people was affected by diabetes
worldwide, compared to 108 million, 34 years before [3]. Type 2 diabetes (T2D) is
a form of the disease that develops when pancreatic β-cells are unable to secrete
enough insulin to meet the demand caused by obesity-driven increased insulin re-
sistance [1, 2]. Today about 300 million people is diagnosed as suffering from T2D,
and the incidence is increasing in an alarming rate among the general population [4].
Currently, modern medicines only treat the symptoms and there is no curative treat-
ment for T2D, restoring the underlying β-cell defects [5]. Therefore, discovery of a
therapeutic strategy that can improve β-cell function and increase insulin secretion
would be of great significance for the patients suffering from the disease.

Researchers at AstraZeneca in the In vitro Islet biology team in the Cardiovascular,
Renal and Metabolism IMED biotech unit (CVRM IMED) are currently working
on developing drugs that specifically targets β-cells using antisense oligonucleotides
(ASOs). ASOs bind to and induce cleavage of mRNA, thereby silencing gene expres-
sion [6]. ASOs hold great potential as regenerative treatment, but one key difficulty
is to target delivery to specific cell types. Therefore, the ability to quantify the pro-
ductive uptake of the ASOs is of critical importance to the drug discovery process.
The researchers are exploring an approach to enhance cellular uptake of ASOs by
using Glucagon-like peptide 1 (GLP1) as a carrier. GLP1 binds to and activates a
G-protein-coupled receptor (GLP1R) leading to receptor internalization. The hy-
pothesis is that conjugation to GLP1 will enhance the uptake of ASOs in cells that
are expressing GLP1R [7]. Cell and tissue specific delivery of drugs not only en-
hances the maximum response of the drug (efficacy), but also has the potential to
reduce the risk of unwanted effects in other tissues, thereby improving safety.
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1.1. AIMS

At present a manual qPCR-based assay is used to quantify the cells ability to take
up the ASOs by measuring the effect on gene expression. If the potency of ASO
conjugated to GLP1 for silencing target gene expression in cells expressing the GLP1
receptor is better compared to parent ASO (without a peptide), this is interpreted
as an increase in productive uptake of ASO. The manual qPCR-based assay is time
consuming, expensive and has a low throughput, and there is a need for a high-
throughput assay to enable screening and ranking of many GLP1-ASO conjugates
based on the concentration required to give a response/effect (potency) and efficacy.

1.1 Aims

The aims of the project were to set up and validate a two-step qPCR-based high-
throughput assay to evaluate the productive uptake of available peptide-ASO con-
jugates in a GLP1 receptor overexpressing HEK293 cell line and mouse pancreatic
islet cells.

1.2 Objectives

During the project, questions were raised to guide and drive the investigation for-
ward.

These where the following questions:

• Is it possible to set up a semi-automated high-throughput qPCR assay for
screening of ASOs in a GLP1 receptor overexpressing human embryonic kidney
293 cell line (GLP1R-HEK293)?

• Is it possible to modify the high-throughput assay protocol to be used on intact
mouse or human islets? If not, is it possible to use dispersed islet cells?

• Is it possible to test ASOs at different concentrations and rank them according
to their efficacy and potency?

1.3 Limitations

The uptake of ASOs will only be investigated by quantifying the effect silencing
gene expression with the semi-automated high-throughput qPCR assay. How much
of the ASOs that the cells have taken up and the mechanism how it inhibits gene
expression will not be covered in project due to limitations in time and access to
additional technologies.

ASOs can be designed in diverse ways and against different target genes, conju-
gated to different peptides using different linker chemistry. The only ASOs that

2



1.3. LIMITATIONS

will be used in this project targets an mRNA called MALAT1. The ASOs targeting
MALAT1, a long non-coding mRNA, was selected as it is highly expressed in all
mammalian cell types [7, 8], and therefore a good tool for studying effects on gene
expression in different cells and tissues [7].

The ideal would be to test the assay on pancreatic islet cells from mouse and human
but is difficult as primary pancreatic islet cells from mouse are cumbersome to
isolate, and human islets expensive to procure. Therefor using a cell line with stable
expression of GLP1R was preferred as it provides uniform and unlimited source of
suitable cells for the development of the assay format, for later translation to a
primary islet cell type. A cell line also has the added advantage of reducing animal
usage.

Time is a limiting factor in this project because setting up and automating the qPCR
assay for GLP1R-HEK293 cells and primary pancreatic islet cells from mouse for
screening of ASOs have never been done before and with a number of independent
experimental parameters having to be optimized, influencing the final protocol.

3



1.3. LIMITATIONS
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2
Background

2.1 The pancreas

In adult humans, the pancreas is a 15-20 cm elongated organ that is located in
the abdominal cavity laying under the liver and behind the stomach [9], as seen in
Figure 2.1.

Figure 2.1: The pancreas located behind the stomach. From [10]

The pancreas is divided into three segments (e.g. head, body and a tail) consisting of
exocrine and endocrine tissues with two essential functions in the body. The exocrine
pancreas regulates the digestion of carbohydrates, proteins and fat from food by
secretion of digestive enzymes to the intestine whereas the endocrine portion control
the glucose levels by secreting glucoregulatory hormones into the bloodstream [11,
12].

The digestion of nutrients is controlled by the exocrine cells (acinar and pancreatic
ductal cells) and regulated by both hormones and neural stimuli [13]. The acini is
stimulated to produce pancreatic juices containing diverse enzymes such as amy-
lase, pancreatic lipase and trypsin that are later collected in pancreatic duct and
transported to duodenum to assist in degradation [13]. While the function of the

5



2.1. THE PANCREAS

epithelial cells (ductal cells) that are lining the duct tree, is to secrete alkaline fluids
containing sodium bicarbonate and water, to dilute and flush out the enzymes from
the ducts, to prevent accumulation of the enzymes, and neutralize the acidic chyme
coming from the stomach before it ends in the duodenum [13, 14]. The endocrine
cells in the pancreas are clustered in small aggregates of hormone secreting cells
forming island-like structures called pancreatic islets or Islets of Langerhans, named
after the German physician Paul Langerhans who discovered them in 1869 [13].

In humans the pancreas contains approximately 1 million islets, making up about
1-2% of the total pancreatic mass [9] and each islet is made up of anywhere from a
few to 10000 of cells or more [15]. There are five different endocrine cell types (α-, δ-,
PP-, ε- and β-cells) within the islets, each secreting a specific hormone [16, 17] with
crucial roles in the regulation of glucose homeostasis in the body [1]. The islets are
highly vascularized, (10% of the islet volume is composed of fenestrated capillaries)
with 10 times higher blood flow than the exocrine tissues [12] which enables the islet
cells to sense and quickly respond to circulating nutrient levels and other hormones
to maintain the blood glucose levels in a small and normal range (4-6 mM) [11].

2.1.1 The β-cells

The architecture of the islet of Langerhans and the distribution within the pancreas
vary between species. What is common between mammals is that under normal
conditions, the β-cells make up the largest fraction of the islet mass. Human islets
are composed of about 60% β-cells interspersed with the other endocrine cell types [9,
18], while in other mammals, such as the mouse, 70-80% of an islet is made up of
β-cells concentrated in the center and surrounded by a mantle of the other cell
types [17]. The function of the β-cell is to secrete insulin in response to elevated
blood glucose levels. Insulin is the only hormone in the body able to lower blood
glucose, making it critical for glucose homeostasis, under normal conditions keeping
glucose levels in a range varying ∼4-7.8 mM between the fasting and ∼2 hours after
food intake in healthy individuals [11, 19, 20]. In humans insulin is encoded by
a single gene, INS. The INS mRNA is translated to a single strand peptide chain,
preproinsulin, which is processed in the endoplasmic reticulum where a single peptide
is removed and folded and proinsulin formed. Proinsulin is packaged in immature
secretary granules in the Golgi apparatus, where the C-peptide is cleaved off and
mature insulin formed. Mature insulin is stored in dense core secretory vesicle before
release by exocytosis [12, 18]. When blood glucose levels are elevated after a meal,
glucose moves into the β-cells through a high capacity low affinity glucose transporter
2 (GLUT2), that is highly expressed on the cell membrane and functions as the
glucose sensor. Once inside the cell, glucose is rapidly phosphorylated and broken
down by glycolysis and in the Krebs cycle leading to an increase in the cytosolic
ATP/ADP ratio, which closes the ATP-sensitive K+ (KAT P channel). Closure of
KAT P channels results in membrane potential depolarization and opening of voltage-
gated Ca2+-channels, which increases the cytosolic Ca2+ concentration that trigger
exocytosis of the secretary granules and insulin is released into the blood [11, 12, 21].
Through circulation, insulin is transported to target tissues such as liver, adipose and
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skeletal muscle tissue, where it binds to cell surface receptors and initiate cascades
of intracellular signaling events that promote glucose uptake and to lower blood
glucose levels [21, 22]. Glucose is then stored as glycogen in the hepatocytes in the
liver.

2.2 Diabetes mellitus

Diabetes is a chronic metabolic disease. It is not a single disease but a collection
of different syndromes characterized by elevated blood sugar levels due to either
absolute or relative insulin insufficiency to appropriately control the blood glucose
concentration [19]. The typical symptoms of diabetes are increased urination and
thirst. Without treatment the disease can lead to severe conditions such as blindness,
cardiovascular diseases, limb amputation or kidney failure. It is important that
people get diagnosed early to reduce the risk of complications. In 2015 it was
approximated that 1.6 million people died from causes related to diabetes [3]. This
debilitating disease does not just effect the patient and the patient’s family, it is
also a huge burden to the health care system and the economy [9]. The incidence
of diabetes is increasing at an alarming rate among the global population and is
considered a serious public health issue. According to IDF (International Diabetes
Federation), an estimated 629 million people worldwide are likely to be diagnosed
with diabetes by 2045. WHO considers diabetes a global epidemic. Multiple factors
contribute to the increase in diabetes, such as genetic predisposition, environmental
and life style factors and also the fact that the global population is getting older [23,
24].

2.2.1 Type 2 diabetes

The two most common known forms of diabetes are type 1 diabetes (T1D) and type
2 diabetes (T2D). T1D or insulin-dependent diabetes is an auto-immune condition
where destruction of β-cells leads to complete insulin deficiency and diabetic ke-
toacidosis [18]. This type of diabetes can develop at any age but normally develops
during childhood, and requires lifelong insulin replacement therapy (injections or
pumps) [13]. The majority (95%) of diabetic patients are suffering from T2D or
adult-onset diabetes [1]. Although traditionally a disease occurring in adults, hence
its common name, diagnosis in both children and younger adults is now increasing,
most likely due to the rising rate of childhood obesity. It is believed that unhealthy
diet and a sedentary lifestyle increases the risk of developing T2D [23]. Obesity
increases insulin resistance in liver, fat and muscle leading to an increased demand
for insulin to maintain blood sugar levels in a normal range. The pancreatic β-cells
adapt by increasing insulin secretion and expanding β-cell mass, and T2D develops
only when the β-cells fail to meet the increasing demand arising from insulin resis-
tance [25, 26]. The cellular mechanisms leading to β-cell dysfunction and insulin
resistance are complex and still not fully understood, but are dependent of numer-
ous factors, both genetic and environmental. Obese hyperglycemic subjects have
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a metabolic load that is harmful to the β-cells and it has been shown that both
elevated fatty acids or glucose contributes to β-cell failure, a process called gluco-
lipotoxicity, causing inflammation, oxidative and endoplasmic reticulum stress which
impairs insulin secretion [25, 26]. The β-cells are also sensitive to reactive oxygen
species (ROS) [26] and therefor susceptible to damage of mitochondria, proteins,
lipids, and nucleic acids, also contributing to β-cell dysfunction and later to apopto-
sis [25, 27] and reduced β-cell mass. People with naturally defective cell proliferation
cannot increase the β-cell mass when it is needed for more insulin secreting, and
have a greater risk to develop T2D later in life [26].

2.2.2 Treatment for T2D

Most people with T2D are overweight and insulin resistant with a higher risk of
developing cardiovascular diseases [28, 29], the main cause of death among T2D
patients [30]. When diagnosed with T2D or identified to be at risk of developing
the disease patients are first recommended to make lifestyle changes, such as im-
proving diet and increase exercise. Proper diet in combination of regular physical
exercise have been shown to prevent or delay onset of T2D and to reduce the risk
of complications [28, 29]. Unfortunately, diet and exercise is in most cases only
effective short term, and the majority of diabetics will with time require medication
to control blood sugar levels [31].

There are diverse groups of oral medications approved for T2D, the major ones
are biguanides, sulfonylureas, meglitinide, thiazolidinedione (TZD), dipeptidyl pep-
tidase 4 (DPP-4) inhibitors, sodium-glucose cotransporter (SGLT2) inhibitors, or
alpha-glucosidase inhibitors [32–34]. Usually patients across all age groups are pre-
scribed a biguanide called metformin as first line T2D therapy [32]. Metformin is a
drug that lower blood glucose by inhibiting gluconeogenesis thereby decreasing the
glucose production in the liver. It also reduces insulin resistance in other tissues
(e.g. improves the sensitivity of insulin in the skeletal muscles by activating the
insulin receptors) leading to an increase in the glucose uptake [32, 35]. Because
the disease is complex and progressive, over time patients are usually prescribed
additional drugs to maintain glycemic control [33, 36], eventually requiring insulin
replacement therapy [36].

G-protein coupled receptors (GPCR) belongs to the largest family of membrane
bound proteins, and are involved in a number of cell signaling pathways controlling
diverse cell functions. GPCRs is a key therapeutic target class exploited by the
pharma industry for a range of treatments [37]. These receptors typically bind lig-
ands outside the cell, such as hormones or neurotransmitters, leading to activation
of intracellular G-protein which later gives rise to a cellular response. A promising
novel target for the treatment of T2D and recent focus for the pharmaceutical in-
dustry have been the glucagon-like peptide 1 receptor (GLP1R) [38, 39]. GLP1R
agonists (such as Exenatide) represent a unique class of drugs that have similar and
enhanced function of a naturally occurring peptide hormone called Glucagon-like
peptide 1 (GLP1) that regulates insulin secretion and synthesis from β-cells [40,

8



2.3. ANTISENSE OLIGONUCLEOTIDES

41]. The GLP1R is a GPCR with limited tissue distribution and is mainly found
in the pancreas, heart, brain and kidney [41]. The receptor is abundantly expressed
in the pancreatic islets, specifically in β-cells and δ-cells [40, 42] making it highly
attractive for developing tissue specific drugs, limiting the risk of side effects.

None of the currently available medications cures T2D, and specifically are not able
to prevent the progressive decline in normal β-cell function and islet mass occurring
over time. With the global increase obesity and the emerging epidemic of T2D new
curative treatments for T2D remain a major unmet medical need.

2.3 Antisense oligonucleotides

Antisense oligonucleotides (ASOs) are synthetically modified single-stranded DNA
molecules usually consisting of 12-25 nucleotides [7]. The fundamental action of
ASOs is to bind complementary with Watson-Crick base pairing to mRNA of specific
target genes, thereby silencing or alter the gene expression. How the ASOs degrade,
disable, or modify the target RNA is complex and occur by several mechanisms,
most commonly through the recruitment of RNase H endonuclease (abundant in all
eukaryotic cells) cleaving RNA when bound ASO, forming a duplex in the nucleus.
Alternatively, the ASOs can be designed to sterically block ribosomes by capping
the 5’ end to prevent the translation of RNA without degradation [43]. The majority
of the ASOs developed for clinical applications are RNase H-dependent.

One key advantage of ASOs is that they can be designed to be highly specific against
selected target genes, making ASOs an attractive therapeutic modality by interfer-
ing only with the expression of genes causing or linked to disease, reducing the risk
for side effects. Therefore, there is a growing interest within the pharmaceutical
industry to develop ASOs as treatments for a range of cardiovascular, and neurode-
generative diseases [44], diabetes [7], HIV, Duchenne muscular dystrophy, asthma
and cancer [45]. The idea of using ASOs as therapeutic agents was first proposed
in the 1970s, the clinical development of ASOs originated in the early 90s and have
been under investigation ever since [46], and today there are more than a thousand
of publications on this topic when searching on the literature database Scopus. Cur-
rently, there are four clinical ASO-based therapies approved by the FDA with more
in late stage development [47].

The main organs in the body taking up ASOs from systemic circulation, with the
highest accumulation of ASOs are liver and kidney. ASO are large and charged
macromolecules, and how ASOs are transported across the cell membrane, and why
certain cell types are better at taking up ASO is not fully understood. The inability
of most organs to take up ASOs limits the clinical utility and is a major challenge
for the pharmaceutical industry. Different approaches are being explored to improve
the stability of the ASOs, enhance specificity for binding to the target mRNA and to
increase the cellular delivery to the desired tissue or cell type. Modifications to the
ASO molecule includes changes in the backbone or replacement of the hydrogen in
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the ribose at the 2’ position to an oxygen atom bound to an alkyl group or addition
of a completely new ligand to the chain [6, 48]. Chemical modification such as 2’-O-
methyl (O-Me) have been shown to increase the stability and binding affinity of the
ASOs. Phosphonothioate (PS) backbone modifications give a more hydrophobic
structure and an improved passage across the cell membrane and internalization.
Conjugation of ASO to ligands of high-capacity cell surface receptors has been shown
to enhance cell specificity of productive uptake by using receptor internalization to
carry ASOs across cell membrane [49–51].

Parkash et al. [51] have shown that ASOs conjugated to triantennary N-acetyl galac-
tosamine (GalNAc), binds to the asialoglycoprotein receptor (ASGPR) which is
abundantly expressed on hepatocytes, dramatically improves the uptake of ASO in
hepatocytes and enhances the targeted distribution. There was a 10-60-fold im-
provement compared to unconjugated ASO silencing gene expression observed in
vivo in mouse models. Recently a group of scientists from AstraZeneca have shown,
in collaboration with Ionis pharmaceuticals, that conjugation of ASOs to a GLP1R
peptide agonist increases the uptake in pancreatic islets of Langerhans and delivers
ASOs to pancreatic β-cells. This is the first demonstration of targeted delivery of
ASO to a tissue other than liver, and shows that it is possible to interfere with gene
expression specifically in β-cells, a cell type that is completely refractory to uptake
of ASO in mice and primates [7, 8]. This kind of discovery opens opportunities for
developing new therapies to treat diabetes by specifically targeting the β-cells in the
pancreas [7].

2.4 Quantitiative real-time PCR

Quantitative real-time polymerase chain reaction (qPCR) is a powerful and widely
used molecular biology technique, that measures in real time how much of the spe-
cific DNA template is present in a biological sample as the reaction progresses [52].
This in vitro method is commonly used to analyze the expression of desired genes
with high sensitivity and specificity. Ever since the technique has come into com-
mercial use in 1996, the number of publications have increased dramatically [53] and
today qPCR is a ubiquitous methodology applied across several areas from medical
research to agricultural, environmental and food science.

Scientists are for example using qPCR to understand genetic variations and identify
genes linked to different human diseases, monitor new diagnostic biomarkers [54],
detect different microbial and plant pathogens [55]. It is also possible to use qPCR
in dose-response experiments to screen e.g. evaluate the relationship between ASO
concentration and silencing of gene expression in cells and cell lines of interest [7,
56].

The technique is based on the polymerase chain reaction (PCR), and just as PCR,
it requires buffer, oligonucleotide primers that hybridize to the opposite ends of
the target sequence, a heat stable DNA polymerase that binds near the primers
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and deoxynucleotides (dNTPs) [57]. During a PCR reaction, three events occurs,
denaturation, annealing and elongation of the DNA template. During the first
phase, the temperature rises and makes the double-stranded DNA separate into
single strands, in the annealing phase the primers bind to their complementary
sequences and during elongation, the DNA polymerase binds and starts to extend
the primer into a new strand of DNA complementary to the template. As the
reaction continues, the newly synthesized DNA is also used as a template for a new
reaction, leading to an exponential increase in number of DNA copies, amplifying
the original DNA molecule [52, 58].

The difference between PCR and qPCR is that in qPCR the double-stranded DNA
synthesized is labeled with a fluorescent dye that is intercalated that makes it possi-
ble to monitor the amplification continuously by measuring the fluorescence during
each cycle. The fluorescent signal increases as the DNA amplifies, and the signal is
proportional to the amount of PCR product that has been synthesized [52, 59].

qPCR is commonly used to quantify gene expression by measuring the amount of
messenger RNA (mRNA). Before using qPCR to quantify mRNA, mRNA needs
to be extracted from cells or tissue samples, and reverse transcribed into comple-
mentary DNA (cDNA). For proper quantification, one critical step is the isolation
of mRNA that determines how good the yield and the quality of the mRNA will
be [60].

The first step is to disrupt the cells or tissue samples to make the total RNA avail-
able, which includes mRNA, ribosomal RNA (rRNA), small RNA (sRNA) and trans-
fer RNA (tRNA). This can be done by mechanical, physical, enzymatic or chemical
methods. The extraction and purification of mRNA can be performed by different
methods that are either solution based, precipitation, membrane or magnetic bead
based [61].

Nowadays the most common way is to use commercially available kits (e.g. RNeasy
Mini kit from Qiagen) where the selective binding properties of silica-membrane
spin columns are used to isolate and purify mRNA. The columns from the RNeasy
kits bind mainly RNA molecules longer than 200 nucleotides, efficiently removing
proteins and the majority of genomic DNA (gDNA). This also excludes the smaller
5.8S rRNA, 5S rRNA, and tRNAs, leading to an enhancement of mRNA [62].

Prior to amplification mRNA the has to be reverse transcribed enzymatically into
cDNA to allow the PCR reaction. The reverse transcriptase enzyme uses a single-
stranded mRNA as a template in the reverse transcription (RT) reaction to produce
double-stranded cDNA. The synthesized cDNA, together with primers, DNA poly-
merase and fluorescent dyes or probes can then be amplified and the data collected
used to quantify gene expression [60].

2.4.1 Primer design

Many factors can influence the outcome of a qPCR experiment. One key factor is
the design of the primers used in the RT and qPCR reactions.
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When selecting primers for the RT there are several primer strategies; gene specific
primers, random sequence primers or oligo(dT) primers. Gene specific primers only
amplify a specific mRNA sequence. This gives a better sensitivity but limits amplifi-
cation to one gene. Random primers are usually short (6 bases long) and can anneal
at any point and amplify all RNAs (including rRNA and tRNA) which can lead to
dilution of the mRNA fluorescence signal. The last group of the commonly used
primers are so called oligo(dT) primers which are made of 12–18 deoxythymidines
and binds complementary to the polyadenylated part of the mRNA. The advantage
of this type of primers is that full length cDNA can be generated, but the disadvan-
tage is that only genes with a poly(A) tail can be amplified. If the mRNA is long
the transcription may be disrupted too early. Often the preference is to use a mix
of oligo(dT) and random primers [57, 63].

For the qPCR there are common parameters that good primers pairs should have,
such as 40-60% guanine and cytosine content, primer length between 18-24 bases,
and should have similar primer melting temperature range at 55-65°C [63, 64]. The
ideal amplicon (amplified DNA product) size is ∼70-200 bp, and to avoid amplifi-
cation of anything other than target sequence (e.g. gDNA) either primers or probe
should span an exon-exon junction [65]. The designed primer pairs should be fully
complementary to the template DNA sequences. Poorly designed primers decrease
specificity and sensitivity of the qPCR if primers bind to the wrong place on the
sequence or attach to each other (primer dimer) [66].

The workflow for the primer design is first to find the sequence of the target gene, and
then design primers using free primer design software available online. Sequences can
be found at the NCBI gene database page (https://www.ncbi.nlm.nih.gov/gene).
By searching for gene and the right species, the NCBI Reference Sequence (RefSeq)
of that gene (e.g. ”NM_000194.2”) will be found. For primer design, e.g. IDT
PrimeQuest, RealTimeDesign, and primer-BLAST softwares can be used. Careful
design of the primers is important and can save both time and money.

2.4.2 Reporter dyes and hydrolysis probes

Reporter dyes are fluorophores that binds non-specifically with high affinity to
double-stranded DNA. One regularly used reporter dye is SYBR Green I, which
absorbs blue and emit green light [57]. In the mixture with cDNA the dye binds
immediately to the double-stranded DNA, giving rise to intense fluorescence only
when bound to DNA [53].

As the denaturation, annealing and extension of the cDNA occurs during the PCR
reaction, more dye binds to the newly synthesized double-stranded cDNA during
each cycle, which leads to an increase of the fluorescence. The advantage of us-
ing SYBR Green in qPCR to track the amplification of DNA is because it is a
simple, inexpensive method and can be used with various kinds of primers and tem-
plates [67]. A drawback that needs to be considered is that it is non-specific and
therefore also bind to unwanted and irrelevant double-stranded PCR products. For
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example, primers may hybridize to each other, forming so called primer dimers that
is amplified by the DNA polymerase forming a new strand that is used as a template
competing for PCR reagents, and SYBR Green will bind the double-stranded DNA
by-product produced [57].

An alternative approach is to use so called hydrolysis probes, or 5’-nuclease probes,
to detect only specific amplification products. These are short oligonucleotides that
are designed to bind specifically to single-stranded DNA sequences between the two
primers. The probes have a covalently bound reporter dye at the 5’ end of the
oligonucleotide strand and a quencher dye at the 3’ end. The fluorescent signal
transfers from the reporter (donor) to the quencher (acceptor) dye, a mechanism
called fluorescence resonance energy transfer (FRET) where the distance between
the donor and the acceptor is crucial for the signal to transfer. When the probe is
intact, the donor and acceptor are in close proximity and the fluorescence emitted
by donor is quenched. During the PCR amplification, the primer is elongated by the
DNA polymerase, and eventually reaches the probe bound to the single stranded
DNA. As the DNA polymerase have exonuclease activity, it then cleaves the probe
at the 5’ end, separating donor and acceptor and the fluorescence signal is increased.
The probe is thereby removed from the target strand and primer extension contin-
ues [66, 68]. In this study the most common and commercially available probe, the
so called TaqMan probe was used.

2.4.3 Quantification and normalization

The instrumentation for qPCR reactions contains a thermocycler, an apparatus
where the samples are placed and have the function to control the temperature of
the environment, a light source that excite the fluorescent dyes that are present
in the samples, and a photodetector that measures the emitted fluorescence from
either the reporter dye or the hydrolysis probe during each amplification cycle.
Fluorescence intensities are collected by a software and presented in graphs that
represents amplification curves and melt curves [53, 66, 69]. The amplification curves
have typically sigmoidal shape with three distinct phases: lag phase, exponential
phase and the plateau phase as seen in Figure 2.2.

The y-axis of the graph shows the ∆Rn which is the normalized reporter fluores-
cence intensity measured during a cycle [70] and the x-axis represents the number
of cycles. During the first phase (lag phase) the fluorescence signal is low and the
changes are negligible and this phase is called the baseline. Any amplification sig-
nal within or below the baseline is considered as background noise. As the DNA
product starts to accumulate, the fluorescence signal increases exponentially. Once
the fluorescent signal exceeds a defined threshold a quantification cycle (Cq) value
is obtained [71]. The Cq value is the cycle number that is used in the analysis and is
inversely associated with concentration i.e. how much of the target DNA template
is initially present in the sample [52]. A qPCR amplification reaction is typically
40 cycles [72]. The more of DNA template present in the sample, the earlier the
fluorescent signal reaches the threshold, giving a lower Cq value. A Cq value of ∼37
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Figure 2.2: Example of amplification plot, showing the generated amplification
curves from a qPCR run.

cycles indicates that only one initial DNA template is present in the sample [71].
However, high Cq values could also be a sign of inhibition or degraded RNA in the
sample, and different steps in the qPCR process may have to be evaluated.

Most qPCR apparatus also generate melt curves at the completion of a SYBR qPCR
reaction, were the fluorescence is measured as a function of temperature [73]. This is
when the final PCR products in the samples are exposed to increasing temperature
which leads to denaturation of the double-stranded DNA and loss of fluorophores.
The melt curve plot visualizes a distinct peak showing the melting point which is
unique to the product and depends on the length and composition of the amplicon.
A single peak on the melt curve plot suggests that the qPCR product is specific and
that there are no other products present [53], see Figure 2.3.

The results that are obtained from the qPCR can be quantified by two different
strategies called Absolute quantification or Relative quantification method. The
Absolut quantification method determine the amount of molecules in the sample
by comparing to a standard curve generated from samples with known concentra-
tion [74]. The relative quantification method determines the difference between the
target gene and a reference gene, a commonly used method when assessing gene ex-
pression [75]. To be able to compare different samples and have reliable results, the
mRNA levels of the target gene has to be normalized to the levels of the reference
gene in the same sample. A reference gene has to be stably expressed in the cells
and tissue types used, and must not change with experimental conditions to serve
as a control [74]. Examples of commonly used reference genes for quantifying gene
expression are GAPDH, HPRT1, β-actin and PPIA [76].

For accurate normalization it is important to evaluate which reference gene is most
stable for a certain cell or tissue type and the experimental conditions used, before
performing any qPCR analysis [77]. There are commercially available reference gene
panels and different softwares to help select the optimum reference genes [57].
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Figure 2.3: Melt curves showing a single peak for a specific product.

The relative expression between samples can be calculated using the Equations 2.1-
2.4, were the ∆Cq value between target gene and reference gene is first calculated for
each sample and then the difference between e.g. treated and untreated samples are
determined by subtracting one from the other. Finally, 2.4 is used to calculate the
relative expression ratio. This method is called the ∆∆Cq-method or comparative
method [78].

∆Cq1 = Cq(Target gene)− Cq(Reference gene) (2.1)

∆Cq2 = Cq(Target gene)− Cq(Reference gene) (2.2)

∆∆Cq = ∆Cq1 −∆Cq2 (2.3)

Rel.Expr.Ratio = 2−∆∆Cq (2.4)

Another calculation method strategy is the so called ∆Cq-method [79]. This method
is used when it is necessary to determine the Cq value for independent samples (and
not relate effects to another sample) to establish if a target gene is affected by a
treatment or not. The Cq value for the reference gene is subtracted from Cq value
for target gene to receive ∆Cq*. The calculated ∆Cq* values from each sample is
used in Equation 2.6 to get the relative gene expression.
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∆Cq
∗ = Cq(Target gene)− Cq(Reference gene) (2.5)

Rel.Expr.Ratio = 2−∆Cq
∗ (2.6)

The relative gene expression values can later be used to generate a concentration-
response curve by plotting it against the concentration of treatments, in this study
the concentration of ASO. For both strategies, the assumption is that the amount of
target DNA doubles during each PCR cycle throughout the exponential phase [74,
75].

The amplification efficiency is a measure of the performance of the PCR reaction, and
can be determined by measuring how much the DNA increases with each PCR cycle
by performing serial dilutions of a sample. For each 2-fold dilution, the difference
in Cq values should equal one when the efficiency is 100%, meaning that the DNA
doubles with each PCR cycle. Additional content in the samples can interfere with
the RT or PCR reaction, leading to an estimated efficiency higher than 100% [74,
80].

2.4.4 Two-step qPCR and one-step qPCR

Reverse Transcription Quantitative PCR (RT-qPCR), i.e. the process of reverse-
transcribing RNA into cDNA and then quantitatively amplifing a specific target,
can be performed by two different methods; one-step or two-step qPCR. Two-step
qPCR is the traditional method, where reverse transcription and qPCR reactions
are performed sequentially, in separate tubes. In one-step qPCR, both the reverse
transcriptase, DNA polymerase and other reagents are added at the same time, and
both reactions are performed in the same tube, leading to less pipetting and lower
risk of cross contamination between the samples [81]. Most of the published articles
that are using one-step qPCR usually concerns virus detection and development of
high-throughput screening assays [82, 83].

As described previously, when quantifying gene expression, the mRNA is usually
isolated and purified before continuing with the cDNA synthesis and qPCR reaction.
With increasing interest in analyzing the gene expression from single cell or from a
small number of cells, other methods are required as purification procedures because
there is not enough sample and the purification procedures with multiple washing
steps can lead to losses of the already low amounts of transcripts. One way to
overcome this, is to do the cDNA synthesis directly on the lyste (solution with lysed
cells) without purification step. Lysis buffers disrupt the cell membrane and makes
the RNA and all other intracellular components accessible [84].

Commercially available kits have been developed that offer the possibility to perform
reactions for reverse transcription and qPCR directly on cell lysates without the
isolation and purification steps. However, most cases described in the literature the
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focus has been on optimizing and developing assays for analysis of gene expression
in single cell [85–87].

Studies have shown that that such assays produce reliable results and can be used in
high-throughput (large scale) [86]. For different cell types it is necessary to establish
an optimal lysis buffer that does not affect the RNA quality, interfere with cDNA
synthesis or qPCR amplification [85]. In this study, using large numbers of cells, all
these parameters need to be evaluated.
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3
Materials and methods

This section contain information about equipment and materials used and how the
different experiments were performed in this project. The general protocol for the
two-step qPCR assay used in this study comprises six main steps, seeding cells in a
384-well plate, treating with ASO conjugates, wash and lysis of the cells, perform-
ing cDNA synthesis and afterwards running qPCR reaction to generate data and
perform data analysis. Systematic trouble-shooting was performed to improve the
assay. What was modified or changed will be explained in the following sections.

3.1 Cell culturing

The HEK-293 Flp-In GLP-1R cell line (GLP1R-HEK293) was generated at As-
traZeneca, using the Flp-In system (Invitrogen, K6010-01) and the pcDNA5/FRT
expression vector (Invitrogen, V6010-20) to stably overexpress the human glucagon-
like peptide-1 receptor (GLP1R).

The GLP1R-HEK293 cell line was cultured in DMEM with GlutaMAX (Gibco,
31966) containing 10% FBS and 0.01% Hygromycin B (Invitrogen, 10687010) in a
75 cm2 T-flask (Thermo Scientific, 156499). Passaging of cells was performed twice
a week when the cells had reached 80-90% confluency.

To passage the cells, the cultured cells were washed once with phosphate-buffered
saline (PBS) without Ca2+ and Mg2+ (Gibco, 10010023) and then trypsinized with
0.25% Trypsin-EDTA (Gibco, 25200056) by adding 1.5 mL of the solution to cover
the monolayer of cells and incubate at 37°C, 5% CO2 for 3 minutes. Once the cells
started to detach, culture flask was gently tapped on the side. To inactivate trypsin,
10 mL culture medium was added to the flask, followed by gentle pipetting of cell
suspension a few times to disrupt any remaining cell clumps. The cell suspension
was then transferred to a 15-mL Falcon tube to centrifuge down cells at 270g for
4 min. After the centrifugation, the supernatant was discarded and the cell pellet
resuspended in 10 mL of fresh culture medium.

The cell concentration was determined using a NucleoCounter (Chemometec), and
a new T75 flask was seeded (13-27.000 cells/cm2) for continued maintenance culture
at 37°C, 5% CO2.
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3.2 Isolation of pancreatic islets from mouse

Islet were isolated from C57BL/B6CrL mice obtained from Charles River. The han-
dling, anesthesia and surgical operations of the mice were performed by AstraZeneca
employees educated in these techniques, and in accordance with institutional guide-
lines for animal experimentation. The protocol used was an AstraZeneca in-house
protocol.
Islets were isolated from euthanized mice using collagenase perfusion of the pancreas.
Perfused pancreas were then surgically removed and placed in cold Hank’s balanced
salt solution, HBSS (Gibco, 14025) in 50-mL Falcon tubes, and shaken to dissolve the
pancreas. The dissolved tissue was washed four times with HBSS. Between each wash
islets were allowed to sediment and the supernatant removed to remove exocrine
tissue. The islets were place in a Petri dish (Corning, 430589) and handpicked under
a dissecting microscope using a Gilson pipette and transferred to a new Petri dish
containing 10 mL RPMI1640 medium (Gibco, 21875-034) with 10% FBS (HyClone,
CH30160.03) and 1% Penicillin-Streptomycin (Gibco, 15140-122). Isolated islets are
shown in Figure 3.1. The islets were cultured in an incubator at 37 °C, 5% CO2.

Figure 3.1: Isolated islets from mouse in a Petri dish with culture medium.

3.3 Semi-automated two-step qPCR assay

A research group at AstraZeneca has previously set up a high-throughput two-
step qPCR assay for primary differentiated adipocytes to quantify gene expression
of a specific target gene in response to compound treatment. Because there is a
duty of confidentiality at AstraZeneca, the project mentioned will be referred to as
the adipocyte-project throughout this master thesis. The protocol developed was
based on the Power SYBR™ Green Cells-to-CT™ Kit from Thermo-Fisher Scientific
(4402955) with some modifications made to reduce the costs and allow scaling up
the assay.
To mimic the adipocyte cell density at the time of lysis, 7000 GLP1R-HEK293
cells were seeded in a volume of 35 µl medium per well in a 384-well CellBIND®
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microplate (Corning, 3770) using a Multidrop Combi Reagent Dispenser (Thermo
Scientific). The cells were then cultured for 24 h at 37°C, 5% CO2. After 24 h, the
cells were treated with 14 different ASOs or GLP1-conjugated ASOs (synthesized
at Ionis Pharmaceuticals).

Since the purpose of using the assay is to study effects of different concentrations of
ASOs, and from the concentration-response curves calculate half-maximal (EC50)
and maximal (efficacy) inhibition of gene expression, the ASOs were first serially
diluted in a 384-well compound plate (Greiner, 781280). The dilution series were
made in 8x higher concentrations than the final concentrations exposing the cells,
starting at 80 µM, diluted 1:3 in cell culture medium into 11 points, ending with the
lowest concentration, 1.4 nM. Two of the ASOs had to be analysed at lower concen-
trations, from 24 µM down to 0.4 nM. For each ASO, duplicate dilution series were
prepared. The wells of two columns contained only cell culture medium to be added
to the cell plate to serve as untreated controls. 5 µl ASO dilutions or medium from
the 384-well compound plate were then transferred to the corresponding wells of the
384-well plate seeded with GLP1R-HEK293 cells, using a CyBi-well Multichannel
Pipettor (CyBio, Figure 3.2). After the addition of ASOs the cells were cultured for
another 24 h at 37°C, 5% CO2.

Figure 3.2: CyBi-well Multichannel Pipettor was used for transfer of diluted ASO
or medium from wells of 384-well compound plate to corresponding wells of cell
plate.

The next day, the adipocyte-project lysis buffer was prepared containing 2% TritonX-
100 (Sigma, T8787), 2% Nonidet P-40 (synonym IGEPAL® CA-630, Sigma, I8896),
RNA Secure (ThermoFisher Scientific, AM 7006), RT buffer (ThermoFisher Scien-
tific, 4391852C) and RNase-free water.

The Bravo Automated Liquid Handling Platform (Agilent, Figure 3.3) was used to
remove medium from wells and to wash (twice) with cold Dulbecco’s PBS (DPBS,
Gibco, 14040). The cells were inspected both before and after the wash using a
microscope to see if any cells had detached. After washing the cells, 30 µL lysis
buffer was added to each well, using a Multidrop Combi Reagent Dispenser to lyse
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the GLP1R-HEK293 cells. Cells were incubated for 5 min and the lysates were
then pipetted up and down to mix, using the Bravo Automated Liquid Handling
Platform. The cell lysate plate was stored at -20°C prior to cDNA synthesis.

Figure 3.3: Bravo Automated Liquid Handling Platform was used to remove the
medium from the 384-well cell plate, wash the cells and mix the lysate.

For the cDNA synthesis, reverse transcription (RT) master mix solution was pre-
pared containing 1x RT Enzyme Mix (ThermoFisher Scientific, 4391852C), 1x RT
buffer and RNase-free water. 11 µL of this solution was dispensed to each well of
a rigid 384-well PCR plate (Axygen, PCR-384-RGD-C) using a Multidrop Combi
Reagent Dispenser. From the plate containing cell lysates, 7 µL was transferred
to the rigid 384-well PCR plate using a VPrep Liquid Handling Pipetting Station
(Agilent), see Figure 3.4. The rigid PCR plate was then sealed and centrifugated at
216g for 1 min.

Figure 3.4: VPrep Liquid Handling Pipetting Station that was used for transfer
of lysate to the rigid 384-well PCR plate containing RT master mix.

The cDNA synthesis was performed in a DNA Engine (MJ Research) with 384-PCR
block set on 37°C for 60 min, 95°C for 5 min and 4°C infinity. After the run the
plate was removed and stored at -20°C until further processing.
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On the day of qPCR analysis, the cDNA plate was thawed and qPCR master mix
was prepared by diluting Power SYBR Green PCRMaster Mix (Applied Biosystems,
4367659) in RNase-free water. The Multidrop Combi Reagent Dispenser was then
used to dispense 6 µL of the qPCR master mix to each well of two MicroAmp
Optical 384-well Reaction Plates (Applied Biosystems, 4326270). The VPrep Liquid
Handling Pipetting Station was then used to mix and transfer 2 µL cDNA from the
cDNA plate to each of the 384-well reaction plates containing the qPCR master
mix. One plate was labeled to be used for analysis of expression levels of the target
gene, MALAT1, and the other for the reference gene 36B4. The plates were sealed
afterwards and centrifuged at 3000g for 1 min to remove any bubbles.

The mixes of forward and reverse primers for MALAT1 and 36B4 respectively, were
added to separate wells of a 384-well polypropylene microplate (Labcyte, PP-0200)
and the Echo555 Acoustic Liquid Handler (LabCyte) was then used to transfer
80 nL/well of the primer mixes to the respective 384-well reaction plate containing
qPCR master mix and cDNA to get the total concentration of 0.4 µM of the primers.
The plates were re-sealed and spun down at 216g for 1 min before the run in a
QuantStudio 7 Flex Real-Time PCR System (Applied Biosystems). The expression
levels of the target gene of interest (MALAT1 ) were then normalized to the levels
of the reference gene 36B4 and data were plotted as ASO concentration-response
curves.

3.3.1 Trouble-shooting

The results that were obtained from the first experiment showed unexpectedly large
intra-plate variability when comparing Cq-values for 36B4.

Trouble-shooting was performed to identify which components of the assay caus-
ing the variability and need modifications. The trouble-shooting was performed
stepwise, and the experiments that will be explained in the following sections in-
volve seeding different cell densities, improving cell attachment, performing smaller
manual experiment comparing different lysis buffers, evaluating RNA degradation,
modifying programs of the semi-automation equipment used as well as comparing
different RT reaction mixes and qPCR assay types.

3.3.1.1 Optimization of cell density and attachment of GLP1R-HEK293
cells

The first step that was investigated was cell seeding density and attachment of the
GLP1R-HEK293 cells in the wells. GLP1R-HEK293 cells were seeded in a 384-well
CellBIND plate (for comparison), a 384-well BioCoat Collagen 1 plate (Corning,
354667) and a 384-well BioCoat Poly-D-Lysine plate (Corning, 354663) at two dif-
ferent cell densities. The reason for choosing plates coated with collagen 1 and the
synthetic polymer Poly-D-Lysine was because these coatings are both commonly
known to improve the adhesion of cells to culture vessels.
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Half of each plate was seeded with 7000 and the other half with 5000 cells per well in
35 µL culture medium using the MultiDrop Combi Reagent Dispenser to see whether
a lower cell density would improve cell attachment. The plates were then cultured
for 24h.

The detachment of the cells was investigated by comparing and inspecting the three
mentioned 384-well plates, as well as the two cell densities added, before and after
the medium was removed and the cells were washed with DPBS using the Bravo
Automated Liquid Handling Platform.

To minimize the risk of cells detaching from wells in the 384-well plate when removing
medium and washing with DPBS, the program for the Bravo Automated Liquid
Handling Platform was modified. The speed of pipetting was further reduced and
the distance between tip and well bottom during pipetting was slightly increased.
The program for the mixing of the lysis buffer and the cells were kept as it was.

3.3.1.2 Evaluation of adipocyte-project protocol on intact islets

In the interest of time, some initial experiments with primary islets were performed
in parallel to the GLP1R-HEK293 cell experiments. Isolation of pancreatic islets
from mouse was performed as described in section 3.2. First, the adipocyte-project
protocol was tried out on intact mouse and human islets. This was performed
manually in a small scale in a 384-well BioCoat Poly-D-Lysine plate.

One, two or seven islets were placed in separate 384-wells and lysed with 30 µL
adipocyte-project lysis buffer during incubation at room temperature. A similar
setup was used for 3D InSight™ Human Islet Microtissues (from now on called
human islets, InSphero, MT-04-002-01). Islets were inspected in a stereo microscope,
and the plate was stored at -20°C until the next day.

The following day, the plate was thawed and cDNA synthesis was performed as
described before where 11 µL RT master mix were manually pipetted into wells of
a 96-well plate and 7 µL of each lysate were transferred to separate wells.

For the qPCR analysis, separate qPCR master mixes were prepared for each species
specific gene (mouse MALAT1 and 36B4 for the cDNA from mouse islets, and
human MALAT1 and 36B4 for the human islets) containing 0.5 µM of each primer,
and 1x Power SYBR Green in RNase-free water. 6 µL of the respective mix was
then pipetted manually to wells of a 384-well qPCR plate and 2 µL of each cDNA
sample was transferred into the corresponding wells of the qPCR plate.

3.3.1.3 Evaluation of adipocyte-project protocol on primary dissociated
mouse cells and qPCR analysis of serial dilutions of cDNA

As the results from the lysis of intact mouse islets, similar to GLP1R-HEK293
cells, were quite variable, the protocol was tried out on dispersed islet cells to see
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if that would work better. 100 mouse islets were transferred to a well of a Not-
Treated Polystyrene 24-well plate (Costar, 3738) containing 1 mL pre-warmed Try-
pLE (Gibco, 12604013) and incubated at 37°C for 10 minutes to disrupt islets. The
islets were then dispersed by using a 1 mL pipette and carefully pipetting up and
down while inspecting under a stereo microscope. The dissociated islets were trans-
ferred into a 15-mL Falcon tube containing 9 mL of the same RPMI1640 medium
used for pre-culture and centrifuged at 180g for 3 min. The majority of the su-
pernatant was then removed and the cell pellet resuspended in ∼0.5 mL remaining
culture medium, before counting cells using a Bürker chamber and a microscope.
Cells were also control counted using a Countess Cell Counter (Invitrogen).

The islet cells were manually seeded in a 96-well BioCoat Poly-D-Lysine plate; two
wells each of 4000, 4500, 5000, 7500, 10000 and 12500 cells/well in 150 µL culture
medium. The cells were cultured for 24 h followed by the same procedure for lysis,
cDNA synthesis and qPCR analysis of 36B4 and MALAT1 as described before.
Before the qPCR analysis 1:2 dilutions were performed on the cDNA to determine
the efficiency of the qPCR. Undiluted or 1:2 or 1:4 diluted samples were used.

The first experiment with dissociated cells resulted in very low Cq-values for both
36B4 and MALAT1, meaning that the number of cell per well could be reduced. A
similar experiment was therefore performed where only 4000, 2000, 1000, 500 and
250 cells/well were seeded. The cells were cultured for 24 h and lysis and cDNA
synthesis was then performed the same day, without freezing of the lysate plate,
followed by qPCR analysis. From this experiment and further the cDNA synthesis
was always performed directly after the lysis of the cells.

Dilution series were also performed on five cDNA samples from the second exper-
iment with dissociated mouse islets. In these samples, levels of mouse HPRT1,
MALAT1, GAPDH and 36B4 were analysed in dilution series from wells containing
4000, 2000, 1000, 500 and 250 cells. All cDNA samples were analysed both undiluted
as well as 1:2, 1:4, 1:8 and 1:16 diluted with all 4 qPCR assays.

The results from the qPCR reactions were analysed to evaluate if the amplifica-
tion were linear and approaching 100% efficiency or whether amplification seemed
inhibited.

3.3.1.4 qPCR analysis of serial dilutions of cDNA from GLP1R-HEK293
cells to evaluate the estimated amplification efficiency

To evaluate whether the intra-plate variability was caused by some factor in the
lysates inhibiting the qPCR reactions, the estimated amplification efficiencies were
determined by diluting cDNA template from GLP1R-HEK293 cells.

Eight cDNA samples from a previous GLP1R-HEK293 two-step cell experiment was
used, and diluted 1:4, 1:8, 1:16 and 1:32 in a 96-well non-skirted PCR plate (VWR,
732-2387). For the qPCR analysis, SYBR Green master mixes were prepared for the
target gene MALAT1 and reference genes human 36B4, HPRT1 and GAPDH and a
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separate TaqMan master mix for the reference gene PPIA (pre-designed hydrolysis
probe qPCR assay, Applied Biosystems, Hs04194521_s1). Some qPCR assays are
more sensitive to inhibition than others, therefore some additional reference genes
were included in this experiment. SYBR master mixes contained 0.5 µM of each
primer and 1x SYBR Green buffer. The TaqMan master mix contained 1xTaqman
Gene Expression Master mix and 1x TaqMan assay.

Four cDNA dilution series were analysed with each reference gene, each qPCR re-
action consisting of 2 µL cDNA dilution and 6 µL master mix.

Human and murine reference gene panels (TATAA) were later screened by co-
supervisor Charlotte Wennberg Huldt to select the optimal, most stably expressed
reference gene for GLP1R-HEK293 cells and mouse pancreatic islet cells. The re-
sults from the reference gene panels showed that HPRT1 was the optimal reference
gene for normalization both for GLP1R-HEK293 cells and pancreatic islet cells from
mouse.

3.3.1.5 Comparison between cell densities, lysis buffers and amount of
lysate used for the RT reaction

The results from the experiments described in section 3.3.1.4. indicated major prob-
lems with inhibition, possibly both in the RT and qPCR reactions.

A new experiment was set up comparing three different combinations of lysis buffers
and activated or non-activated RNA Secure, as well as two different concentrations
of lysate in RT reactions. In addition three different cell densities were also used, to
see if inhibition of RT or qPCR reactions could be reduced.

The cell densities tested were 7000, 4000 and 1000 cells per well. The lysis buffers
used were 0.3% Nonidet P-40/0.1% BSA with activated RNA Secure, and adipocyte-
project lysis buffer either with activated or non-activated RNA Secure. Nonidet
P-40 will from now on be called NP40 throughout the report. The RT Buffer
reagent was excluded from the adipocyte-project lysis buffers, for several reasons. A
study performed by Khei Ho, Xu Ting and Phon Too [86] showed that good PCR
amplification was achieved using the same lysis buffer without RT Buffer reagent.
Also, no arguments as to why this buffer was included in the adipocyte-project
protocol was found. Usually, this buffer is used in the RT reaction only.

Three replicates of each combination of conditions were performed. After the addi-
tion of lysis buffers to cells, the lysates where RNA Secure should be heat-activated
were transferred to wells of a 96 non-skirted PCR plate. The plate was sealed and
incubated for 10 min at 60°C, followed by cDNA synthesis in the same way as for
the other samples, using either 10% or 4% lysates in the RT reactions. Minus-RT
control reactions were also made for each lysis buffer and cell density.

Serial dilutions were then performed of all cDNA samples, resulting in 1:4, 1:8, 1:16
and 1:32 dilutions that were analysed with the recommended reference gene HPRT1.

26



3.3. SEMI-AUTOMATED TWO-STEP QPCR ASSAY

Minus-RT reactions were analysed 1:4 diluted. In addition to this, 36B4 was also
included to evaluate the levels of gDNA contamination.

The qPCR master mixes were prepared as described before, and pipetting of 7 µL
HPRT1 master mix and 3 µL cDNA dilution was performed in triplicates using
Biomek NXP liquid handler (Beckman Coulter as seen in Figure 3.5). Pipetting of
qPCR reactions for 36B4 was performed manually. The amplification reactions were
run in a QuantStudio 7 Flex Real-Time PCR System as for previous experiments.

Figure 3.5: Biomek NXP liquid handler used for pipetting qPCR master mix and
transferring cDNA template from a 96-well plate.

3.3.1.6 Comparison of lysis buffers with and without DTT and DNase
treatment

In an effort to reduce the gDNA contents of the lysates, 0.3% NP40/0.1% BSA and
a second lysis buffer consisting of 0.1% BSA only [84] were tested with and without
the addition of 2U DNase/well (Ambion, TURBO DNA-free kit AM1907) and 5
mM Dithiothreitol (DTT) (Thermo Scientific, R0861). DTT was included to reduce
the activity of RNases that are present in the lysates and thereby preventing RNA
degradation. A comparison was also made to see if spinning down the cell debris
in the wells before sampling for cDNA synthesis would reduce the inhibitory effects
seen in previous experiments. The RNA Secure solution was not included in this
experiment because it seemed not give any noticeable improvement when activated
in the previous experiment.

30 µL from the respective lysis buffers were added in three wells each and were left
to lyse the cells for 10 min at room temperature. All cDNA syntheses from now
on were performed using only 10% lysate in the RT reaction. A RT reaction plate
was pre-filled with 18 µL of RT master mix. 2 µL lysates from wells containing only
0.3%NP40/0.1% BSA and 0.1% BSA were transferred to the corresponding wells
of the RT reaction plate. 10 µL of the lysates containing DNase and DTT were
transferred to separate Eppendorf tubes.
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The 384-well lysate plate was then centrifuged at 1000g for 2 min to pellet intact
nuclei, and sampling was repeated. From the wells containing only 0.3%NP40/0.1%
BSA and 0.1% BSA another 2 µL were transferred to new wells of the RT reaction
plate. The remaining lysates in wells containing DTT and DNase were transferred
to new Eppendorf tubes. All Eppendorf tubes were then incubated at 37°C for 20
minutes. Afterwards, 0.1 volume resuspended DNA Inactivating Reagent was added
to all tubes and incubated 5 minutes at room temperature. The tubes were spun
down at 10000g for 2 minutes. 2 µL of each of the DNase-treated lysates were then
transferred to the corresponding wells of the RT reaction plate and cDNA synthesis
was performed.
All cDNA samples were serially diluted 1:5, 1:10, 1:20 and 1:40 before qPCR analy-
sis. Master mixes containing primers for human HPRT1, MALAT1 and 36B4 were
prepared as described before and a Biomek NXP liquid handler was used to pipette
the HPRT1 and MALAT1 qPCR reactions in triplicates as in the previous exper-
iment. The qPCR reactions for 36B4 were pipetted manually, consisting of 1:5
diluted cDNA and -RT samples for each lysis buffer.

3.3.1.7 Semi-automation of two-step qPCR assay using 0.3% NP40/0.1%
BSA lysis buffer

This experiment was performed to see if automation improved the experiment with
0.3% NP40/0.1% BSA lysis buffer. This experiment was performed in parallel to
the one described in section 3.3.1.6.
The program for the VPrep Liquid Handling Pipetting Station was modified to
transfer 2 µL lysate instead of 7 µL, to a plate with 18 µL RT-master mix, to get
the 10% lysate that was used in the previous manually performed experiment.
A 384-well plate was seeded with 7000 GLP1R-HEK293 cells per well and incubated
for 24 h. The following day, a CyBi-well Multichannel Pipettor was used to treat odd
columns of cell plate with 0.1 µM of a GLP-1-conjugated MALAT1 ASO (GLP1-
MALAT1 -ASO), while even columns received the same volume of culture medium.
The plate was incubated for another 24 hours.
Cells were washed and lysed in 0.3% NP40/0.1% BSA as described in the previ-
ous automation experiment (section 3.3.), and cDNA synthesis set up with 2 µL
lysates and 18 µL RT master mix. After cDNA synthesis, a VPrep Liquid Handling
Pipetting Station was used to dilute cDNA samples 1:4 before qPCR. The reason
for diluting the samples 1:4 prior to qPCR reaction, was because it was seen from
previous experiments that the Cq values in the undiluted samples were good and
that it was possible to routinely dilute the samples at least 1:4 to try to bring down
the concentration of anything that could be inhibiting downstream reactions.
Two qPCR plates were then prepared, one each for human MALAT1 and HPRT1.
The master mixes containing qPCR primers were prepared according to previously
described protocol. A difference between this experiment and the automated exper-
iment described in section 3.3 was that due to technical problems a Biomek FXP

laboratory automation workstation (Beckman Coulter), seen in Figure 3.6 was used
to add 6 µL qPCR master mix and 2 µL diluted cDNA into each plate.
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Figure 3.6: The Biomek FXP laboratory automation workstation was used to
pipette qPCR master and transfer diluted cDNA in the 384-well plate.

3.3.1.8 Quality control of the RNA using an agarose gel

To estimate the quality of the mRNA in the lysate, an agarose gel was used. From
an agarose gel it is possible to visualize and distinguish degraded and intact RNA
by looking at the bands from 18S and 28S ribosomal RNA. If samples contain much
gDNA that may sometimes also be seen from the gel.

Fresh lysates were prepared using GLP1R-HEK293 cells that were lysed with four
different lysis buffers; 0.3% NP40/0.1% BSA, 0.1% BSA, RLN buffer with 1 mM
DTT and Cellulyser Micro lysis buffer (TATAA Biocenter). RLN is a lysis buffer
provided in the RNeasy 96 kit (Qiagen, 74181), specifically developed for isolation
of cytoplasmic RNA. From the protocol it was recommended to add 1 mM DTT.
Cellulyser Micro is a commercially available lysis buffer from TATAA Biocenter.

Five lysates were prepared for each lysis buffer, each lysate representing 7000 GLP1R-
HEK293 cells that had been lysed in 30 µL lysis buffer. The five lysates belonging
to the same lysis buffer were pooled and loaded in two wells each in a E-gel Gen-
eral Purpose 1.2% agarose (Invitrogen, G501801) containing the nucleic acid stain
ethidium bromide (EtBr). Each well contained approximately 20 µL lysate. The gel
was run in a E-gel iBase (Invitrogen) to run the electrophoresis.

3.3.1.9 Pre-study to select conditions for a following experiment

To exclude that the variability problems were related to plate format, a comparison
was planned between one 96-well plate prepared with the traditional RNeasy 96 kit
protocol and one 96-plate manually lysed and analyzed using the two-step qPCR
protocol. Before this experiment was performed a pre-study was needed to decide
which conditions to use for the two-step qPCR protocol.

The pre-study contained two parts: a visual inspection of cells after lysis with the
different lysis buffers, and a qPCR analysis of serial dilutions of cDNA from the
selected lysis conditions.

29



3.3. SEMI-AUTOMATED TWO-STEP QPCR ASSAY

Three lysis buffers were prepared (0.3% NP40/0.1% BSA, 0.1% BSA and the adipocyte-
project lysis buffer) including RNA Secure but without 2x RT buffer. RLN lysis
buffer from the RNeasy 96 kit was also included, tested both as it is and with the
addition of 1 mM DTT mentioned as recommended in the kit protocol. After the
addition of lysis buffers to cells, a microscope with a camera was used to follow the
lysis process and take pictures. After 5, 10 and 15 minutes, the lysates were mixed
carefully to see if it resulted in any visual differences.

Based on the visual inspection 0.1% BSA, RLN buffer and RLN buffer with 1 mM
DTT was chosen for the second part of the pre-study. No visual differences were
seen between the different time points mentioned.

Two different protocols for the cDNA synthesis were chosen to do a comparison, the
adipocyte-project cDNA synthesis protocol and the High-Capacity cDNA Reverse
transcription kit (Applied Biosystems, 4368814). One RT plate for each master
mix was prepared by pre-dispensing 18 µL RT master mix to the relevant wells.
After adding lysis buffers to cells, the lysate plate was incubated for 5 min at room
temperature, mixed carefully 3 times and was then placed on ice.

A comparison between samples prepared with and without a centrifugation step to
remove nuclei in the lysate (for RLN buffer with and without 1 mM DTT) was
done by first transferring 2 µL from all the different lysates to wells of the two RT
plates in six replicates each. The lysate plate was then centrifuged at 2000g for 1
minute and 2 µL of each sample transferred to a new RT plates. Minus-RT reactions
were only performed for the high-capacity cDNA reverse transcription reactions, on
both uncentrifuged and centrifugated lysates. The two RT plates were sealed and
spun down at 700g for 1 minute. The adipocyte-project RT reactions were ran as
described previously, while the temperature conditions for the High Capacity RT
reactions were 10 min at 25°C, 120 min at 37°C, 5 min at 85°C and 4°C ∞.

All cDNA samples were analysed as 1:5 dilutions, and three samples from each RLN
buffer condition were also serially diluted 1:10 and 1:20 before the qPCR analysis.
Master mixes for human HPRT1, MALAT1 and 36B4 (for the comparison of RT and
-RT) were prepared as described previously and a Biomek NXP liquid handler was
used to pipette 7 µL of the master mixes and 3 µL cDNA templates in triplicates to
the qPCR plate. The qPCR reactions for 36B4 were pipetted manually, consisting
of 1:5 diluted cDNA and -RT samples for each lysis buffer.

3.3.1.10 Comparison between lysate and traditional column-purified RNA

Two replicate 96-well plates of GLP1R-HEK293 cells were treated with ASOs or
ASO conjugates. qPCR analyses were then performed either on cDNA from lysates
or from traditional RNeasy column-purified RNA.

30000 cells were seeded in 90 µL medium/well in two Poly-D-Lysine coated 96-well
plates (Corning, 354461) and were cultured for 24 h.

The cells were then treated with 3 different ASOs or GLP1-conjugated MALAT1
ASOs, serially diluted in a 96-well compound plate (Greiner, 650201). The dilution
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series were made in 10x higher concentrations than the final concentrations to be
used on cells, starting at 100 µM, diluted 1:4 in cell culture medium into 9 points,
with a final lowest concentration of 1.5 nM. For each ASO, duplicate or triplicate di-
lution series were prepared. The wells of three columns received cell culture medium
only; these wells represented untreated controls. 10 µl from each well of the 96-well
compound plate were then manually transferred to corresponding wells of the two
96-well plate with the seeded GLP1R-HEK293 cells, using a multichannel pipette.
After the addition of ASOs the cells were cultured for another 24 h.

One 96-well plate was lysed with 150 µL RLT buffer and the RNA purification was
performed according to RNeasy 96 spin kit protocol, without DNase-treatment, in
an elution volume of 1x45 µL. The RNA concentration was determined using a Nan-
odrop 1000 (Thermo Scientific) and 14 µL RNA of each sample was used for cDNA
synthesis corresponding to ∼770-1350 ng/cDNA synthesis reaction. The cDNA
synthesis was performed using the High-Capacity cDNA Reverse Transcription Kit
according to previously described temperature program.

The cells in the second 96-well plate was lysed with 120 µL RLN buffer/well and
incubated 5 min on ice before centrifugation. The cDNA synthesis was performed
directly from the cell lysates as described before using the adipocyte-project RT
master mix and 2 µL lysates in a total volume of 20 µL.

Before qPCR analysis the cDNA from the first plate were diluted 1:50 while the
second plate were diluted 1:5, estimated to correspond to some 2-4 ng RNA per
qPCR reaction. Each template plate was analysed for both human HPRT1 and
MALAT1 expression, using the Biomek NXP liquid handler to pipette 3 µL of
cDNA and 7 µL Master mix in triplicates for each sample.

To estimate the PCR amplification efficiency, three wells from each cDNA plate were
pooled and further diluted 1:2, 1:4 and 1:8. For the qPCR analysis of these dilu-
tion series, both SYBR Green and TaqMan (Applied Biosystems, Hs02800695_m1,
Hs00273907_s1, Hs00231106_m1) qPCR assays for HPRT1 and MALAT1 were
used.

3.3.1.11 Comparison of lysis buffers in qPCR analysis using hydrolysis
probes

Two 384-well Poly-D-Lysine plates were seeded with 7000 GLP1R-HEK293 cells per
well, and cells were cultured for 24 h. After 24 h, the cells were manually treated with
serial dilutions of GLP1-MALAT1 -ASO as described previously. Since five different
lysis buffers were evaluated, five replicate blocks of four columns each were treated
with the same pattern of ASO serial dilutions in triplicates, or culture medium only
as untreated controls. One replicate 4-column block was positioned in cell plate 1
and the remaining four in cell plate 2 to allow for slightly different treatments of the
two plates. After the addition of ASOs the cells were cultured for another 24 h.

Cell plates were washed as described previously. In the ASO-treated replicate block
of the first cell plate, 30 µL of the adipocyte-project lysis buffer (including RNA
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Secure and the RT buffer) was manually added to wells of the four columns and
incubated for 5 minutes at room temperature. Cells in the ASO-treated replicate
blocks of the second cell plate were lysed with 30µL of either 0.3% NP40/0.1% BSA
+ RNA Secure, RLN lysis buffer only, RLN + RNA Secure or RLN + 1 mM DTT,
and incubated on ice for 5 minutes. Both plates were then mixed as previously
described.

Lysate plates were centrifuged at 700g 2 min to pellet cell nuclei and debris be-
fore pipetting RT and minus-RT reactions. For the qPCR amplification, TaqMan
master mixes (Applied Biosystems, Hs00273907_s1, Hs02800695_m1), for human
MALAT1 and HPRT1 were prepared as described before and qPCR reactions of
1:4 diluted cDNA and master mix were pipetted using the Biomek FXP laboratory
automation workstation.

3.4 Data analysis

For every experiment mentioned in the materials and methods section, data analysis
was performed after the qPCR amplification reaction. The amplification curves from
each experiment were inspected to see if they were sigmoidal. The amplification
curve for the no template control (NTC) wells were studied to see if there were any
contamination and the -RT to see traces of gDNA. The melt curves were studied
to see if there were more than one product in the well (several peaks indicating
non-specific products).

A data-sheet with listed Cq values from each well was received from each run. The
Cq values were compared and the relative gene expression 2−∆Cq was calculated
according to Equation 2.5 - 2.6 found in section 2.7. These values were used to
generate the concentration-response curves by plotting against the concentration of
ASO.

The estimated efficiency of the qPCR was determined by performing serial 1:2 di-
lutions of each sample and calculating the difference between Cq values (∆Cq) se-
quentially. If the estimated efficiency of the qPCR is 100% there should be a 1 Cq

difference between each 1:2 dilution step (log 2 scale).

For all Cq values the standard deviation (SD) was calculated to determine how much
the values are spreading from the mean.
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4
Results and Discussion

4.1 Semi-automated two-step qPCR

In the adipocyte-project assay, levels of a low expressed target gene was measured
and normalized to the expression of the reference gene 36B4. 36B4 is a single-
exon gene, which means that a qPCR assay will also pick up traces of gDNA. Their
successful use of 36B4 in the adipocyte-project assay, suggested that the presence of
gDNA in the lysates may not be a major problem. With this in mind, the assumption
was made that the adipocyte-project protocol would work also in our setting, with
some minor changes regarding e.g. cell type, seeding density, compound treatment
and target gene qPCR assay. Therefore, the first experiment was performed more
or less according to the already available protocol.

A 384-well plate was seeded with similar number of cells as in the adipocyte-project
protocol, and after 24 hours treated with 14 different serially diluted GLP1-ASO
conjugates. After another 24 hours the cells were lysed with the adipocyte-project
buffer and in the cDNA synthesis, 39% of the total volume of the RT reaction solution
consisted of lysate. The qPCR analysis was separately performed for 36B4 and
MALAT1 using Power SYBR green PCR Master mix containing primers. From Cq

values, relative expression levels of MALAT1 were calculated and the concentration-
response curves were plotted for each ASO. Three of these are exemplified in Figure
4.1.

For this type of assay, concentration-response curve usually has a sigmoidal curve,
but none of the curves generated had this feature. As the treatment is expected
to inhibit gene expression, there should be dose-dependent reduction of the expres-
sion of the target gene. From Figure 4.1 b-c it is possible to see that the relative
expression values are variable, with many outliers and large variability between the
replicates.

To find out the reason for the strange curves, the Cq values for 36B4 for each well
from the qPCR amplification reaction, were presented according to the plate-layout
(Figure 4.2) and were studied in more detail. By looking at the plate-layout, a
variability of 4 Cq-values difference (15.9-19.9) is seen over the plate. This represents
a 16-fold difference in expression levels and the same levels of variability was also
seen among untreated control wells around the black lined square; row A and P,
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4.1. SEMI-AUTOMATED TWO-STEP QPCR

(a) (b)

(c)

Figure 4.1: Concentration-repose curves, where each data point, the mean±SEM
of the relative expression of MALAT1 normalized to 36B4 was plotted against the
concentration of three different GLP1-MALAT1 -ASO (a-c).

Figure 4.2: Plate-layout with the obtained Cq values for reference gene 36B4 from
the first experiment, which was used to normalize the MALAT1 data.

column 1 and 13. This variability could explain the concentration-response curves
in Figure 4.1.

The expression levels of 36B4 should not be affected by ASO-treatments, and should
be similar over the plate since the same cell numbers were seeded in all wells. What
could be causing this 4 Cq variability? To tackle this unexpected problem in an
effective way, possible factors were identified that could be contributing to the vari-
ability:

From the visual inspection of the cells before lysis, after removing medium and
washing with DPBS, it was noticed that in some wells cells had detached from the
plate. Detachment of cells from the wells could be part of explaining the variability in
Cq values, but likely not the only reason behind a 16-fold difference in expression. If
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4.2. OPTIMIZATION OF CELL DENSITY AND ATTACHMENT OF
GLP1R-HEK293 CELLS

variability was caused by detachment alone, the concentration-response curves would
look normal since theMALAT1 expression is normalized to 36B4 (i.e. normalization
to a reference gene accounts for any changes in cell number). Another possible factor
could be that the cells are lysed unevenly in the wells (incomplete lysis).

During the last step of the experiment (prior to qPCR analysis), the Multidrop
Combi Reagent Dispenser was used to dispense the qPCR master mix and the VPrep
Liquid Handling Pipetting Station was used to transfer cDNA and mix the solution
in each well. Small bubbles were noticed in the wells, that where not possible to
remove completely by centrifugation. The Echo555 Acoustic Liquid handler was
later used to dispense 80 nL primers in each well. This means that there is a
possibility that the primers were dispensed on top of the bubbles and not added
to the reaction mixture, leading to an uneven amount of primers in the wells. The
assay contains different pipetting steps and small pipetting errors by the different
liquid handlers could together add up to a large variability. Another possible factor
that was considered was that when the cells are lysed, all intracellular components
are accessible, including gDNA, proteins or other components of the lysis buffer that
may inhibit the RT or the qPCR reactions. RNA could also be degraded by RNases
present in the lysate. To pinpoint the problem, all of these factors were further
investigated.

4.2 Optimization of cell density and attachment
of GLP1R-HEK293 cells

From the first experiment it was noticed that GLP1R-HEK293 cells were detached
after removing of media and the washing steps. Therefore, cell detachment were
investigated by seeding 5000 and 7000 cells in three different plates that were visu-
ally inspected after media removal and DPBS washes. 384-well plates with different
coatings, BioCoat plate with collagen-1 coating, a BioCoat plate with Poly-D-Lysine
coating and a CellBIND plate (which was used in the adipocyte-project) were com-
pared to see if there were any improvements. The program for the Bravo Automated
Liquid Handling Platform was also modified (adjusting the pipetting speed) to min-
imize the detachment further. From the inspection it was seen that cells were still
detaching from the CellBIND plate. A clear improvement were seen with the Bio-
Coat Collagen-1 plate, but least cell detachment was seen in the Poly-D-Lysine plate
which were chosen for all further experiments.

4.3 Evaluation of adipocyte-project protocol on
intact islets

One of the aims in this master thesis was to set up the assay for primary mouse
islets. Therefore, preliminary experiments with primary islets were performed in
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4.3. EVALUATION OF ADIPOCYTE-PROJECT PROTOCOL ON INTACT
ISLETS

parallel to the GLP1R-HEK293 cell experiments to see if the adipocyte-protocol
was applicable.

A small-scale manual experiment was performed following adipocyte-project proto-
col, where 1, 2 or 7 islets from mouse were lysed and later a qPCR reaction was
performed. A similar experiment was also performed with human-derived microislets
(InSphero). From the qPCR results (Table 4.1) for the intact islets from mouse it
can be seen that also for this cell type, the Cq values varies for 36B4 with no cor-
relation to the number of islets in the wells. Some Cq values in Table 4.1 are very
high suggesting that there may have been too little material (mRNA) in these wells.
Mouse islets are variable in size, (from 50-200 µm in diameter) [88] and contain as
little as 10 cells and up to 10000 cells per islet [89].

No. of islets Cq values,
MALAT1

Cq values,
36B4

Rel.
Gene Expr,
MALAT1

1 31.3 32.2 1.9
1 27.8 31.4 12.4
1 32.4 32.4 1.0
1 24.6 30.8 75.7
1 29.2 34.7 46.7
1 29.7 32.5 6.6
1 31.0 34.7 12.7
2 25.1 31.0 56.5
2 24.6 32.0 168.7
2 24.5 31.4 123.2
2 28.5 31.6 8.4
2 34.6 36.8 4.4
2 26.2 24.2 0.2
7 31.2 32.2 2.1

Table 4.1: Cq values for gene of interest, MALAT1 and reference gene, 36B4, and
the calculated relative gene expression from 1-7 intact mouse islets.

The human derived micro islets have all a similar size (average size of 150 µm in
diameter) and are made up of equal amounts of cells (around 1000 cells) [90]. From
Table 4.2 it is seen that the Cq values for 36B4 for the human micro islets were less
variable. The relative expression for MALAT1 differed significantly between the
wells for mouse islets, one well with as much as 600 fold higher relative expression
than another. The relative expression for the different mouse islets were expected
to be more similar, as seen in the human islets. Some natural variation between
cells is possible but this large span indicated that something may be wrong with the
protocol. The reason for high difference in relative expression values for mouse islets
could be because of incomplete lysis. The islets could be lysed differently because
the difference in size and cell number (compactness), or the lysis buffer could be too
gentle to make the mRNA accessible from the compact islets.

36



4.4. EVALUATION OF ADIPOCYTE-PROJECT PROTOCOL ON PRIMARY
DISSOCIATED MOUSE CELLS AND QPCR ANALYSIS OF SERIAL

DILUTIONS OF CDNA
No. of islets Cq values,

MALAT1
Cq values,
36B4

Rel.
Gene Expr,
MALAT1

1 22.7 24.2 2.8
1 22.9 24.5 3.1
1 21.7 24.3 5.9
2 23.7 24.5 1.7
2 21.7 24.0 5.0
2 20.2 23.3 8.5

Table 4.2: Cq values of gene of interest, MALAT1 and reference gene, 36B4, and
the calculated relative gene expression from 1-2 intact human islets.

4.4 Evaluation of adipocyte-project protocol on
primary dissociated mouse cells and qPCR
analysis of serial dilutions of cDNA

The Cq values for human islets were shown to be stable, likely due to the uniform
islet size. To try to circumvent the potential problem regarding the incomplete lysis
of mouse islets, the islets were dissociated into single cells to see if the measured
relative gene expression was more stable using the adipocyte-project protocol. The
goal was to determine the amount of cells needed for the qPCR assay to generate a
signal and to establish the minimum cell density, to reduce the number of animals
needed. To assess the estimated amplification efficiency, 1:2 serial dilutions of the
cDNA from each well were made.
The islets were disrupted, cells were counted and seeded in a 96-well plate with
different cell densities ranging from 4000 to 12500 cells/well. The cells were cultured
for 24 h followed by lysis, cDNA synthesis, and qPCR analysis as described before.
Table 4.3 shows that the Cq values for 36B4 are low and that with increasing cell
number, the lower the Cq values. This gives an indication that cell number could
be further reduced, as the Cq values for 4000 cells are still low.
The difference in Cq values between the undiluted and 1:2 diluted samples were used
as a simplified estimation of amplification efficiency. As seen in Table 4.4, these ∆Cq

values varies and are lower than 1, which shows that estimated amplification effi-
ciency of the PCR is not 100%. Usually this indicates that something is inhibiting
the qPCR assay, and the estimated amplification efficiency should improve when
samples are diluted as the concentration of the inhibitor decreases. Therefore, it is
often possible to find a dilution factor that allows for an estimated ∼100% amplifi-
cation efficiency of the samples. In this experiment, the ∆Cq values increased with
each dilution, therefore further dilution may improve the amplification efficiency.
Since this first experiment with dissociated cells resulted in very low Cq values for
both 36B4 and MALAT1, a similar experiment was performed with 4000, 2000,
1000, 500 and 250 cells/well seeded, lysed and analyzed.
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4.4. EVALUATION OF ADIPOCYTE-PROJECT PROTOCOL ON PRIMARY
DISSOCIATED MOUSE CELLS AND QPCR ANALYSIS OF SERIAL
DILUTIONS OF CDNA

No. of Cells/well Cq values, 36B4
4000 23.8 23.2
4500 23.8 22.8
5000 24.5 22.3
7500 22.5 22.4
10000 22.0 21.7
12500 21.4 21.9

Table 4.3: Cq values received from qPCR run from wells containing undiluted
cDNA from 4000, 4500, 5000, 7500, 10000 and 12500 primary mouse cells from
islets.

No. of cells/well Cq values,
36B4

∆Cq

4000 undil 23.8
1:2 dil 24.2 0.4
1:4 dil 24.8 0.6
4500 undil 23.8
1:2 dil 24.4 0.6
1:4 dil 25.1 0.7
5000 undil 24.5
1:2 dil 24.7 0.2
1:4 dil 25.4 0.7
7500 undil 22.5
1:2 dil 23.0 0.4
1:4 dil 23.4 0.5
10000 undil 22.0
1:2 dil 22.2 0.2
1:4 dil 22.8 0.7
12500 undil 21.4
1:2 dil 21.9 0.5
1:4 dil 22.4 0.6

Table 4.4: Cq values and calculated ∆Cq between each dilution from wells contain-
ing cDNA from 4000, 4500, 5000, 7500, 10000 and 12500 cells.

The results from this experiment is summarized Table A.2 in Appendix A and reveal
that the Cq value for a cell density of 4000 cells/well, was significantly higher than
the value found in the first experiment (∼27 vs 23-24, Table 4.4). However, reflecting
on the two experiments, a difference was noticed. In the first experiment the lysed
cells were placed in a freezer prior to cDNA synthesis which was not done in the
second experiment. Freezing the lysates may cause any remaining, un-lysed cells to
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4.5. QPCR ANALYSIS OF SERIAL DILUTIONS OF CDNA FROM
GLP1R-HEK293 CDNA

burst, which leads to more mRNA and other intracellular components available in
the lysate. This can be a reason why the Cq values are lower in the first experiment,
also indicating that the islet cells may have been incompletely lysed in the second
experiment.

In addition to that, the ∆Cq values (Table A.2) between dilutions differed a lot in
these samples. For HPRT1, GAPDH and MALAT1, not even a trend in the right
direction was seen in ∆Cq values. The results from this experiment clearly shows
that just switching to dissociated cells is not enough to improve the assay and that
other changes are required. The results discussed indicates that complete lysis is
important, and that 4000 or possibly 2000 cells/well might work. But in interest of
time, a decision was made not to continue to optimize the assay conditions for the
primary cells from mouse but focus on the GLP1R-HEK293 cell assay.

4.5 qPCR analysis of serial dilutions of cDNA
from GLP1R-HEK293 cDNA

The two-step qPCR assay contains different steps (lysis of the cells, RT reaction and
qPCR amplification reaction) and it is difficult to determine which step is causing the
intra-plate variability in the GLP1R-HEK293 cells. An investigation was performed
to find out if something in the cDNA samples was inhibiting the qPCR reaction
by estimating the amplification efficiency as described for mouse islets cells. cDNA
samples from a previous two-step qPCR experiment was used, which were serially
diluted 1:2 in a 96-well plate before qPCR analysis. In this experiment, different
reference genes were also tested to see if there are differences between them.

The ∆Cq values (Table A.3) showed a similar variability as the seen in mouse islet
samples. No consistent improvement was seen with higher dilutions. The results
were less variable than for the islet cells, but there were still signs of inhibition
and large variability between the replicates. In conclusion, there are problems with
variability between wells and with the estimated amplification efficiency in this assay.
The cause of these problems were further investigated.

Since some component in the samples seemed to be interfering with reactions, a
decision was also made to dilute all cDNA samples at least 1:4 before qPCR analysis
from now on.

4.6 Comparison between cell densities, lysis buffers
and amount of lysate used for the RT reaction

From the previous experiment poor amplification efficiency was seen, possibly due
to inhibition. Depending on what component of the lysate is causing the inhibition,
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4.6. COMPARISON BETWEEN CELL DENSITIES, LYSIS BUFFERS AND
AMOUNT OF LYSATE USED FOR THE RT REACTION

different solutions can be considered. Another lysis buffer may interfere less with
downstream applications, result in less gDNA or proteins that could affect RT or
qPCR reactions. A reduction of the number of cells in the lysate or using less lysate
in the RT reaction may also reduce the inhibitory effect.
Le, Huang, Blick, Thompson and Dobrovic [87] have performed direct lysis qPCR
studies on small number of breast cancer cells for gene expression analysis. They
tested several lysis buffers to determine which one gave the optimal RNA yield.
In their experiment, a lysis buffer containing 0.3% NP40/0.1 %BSA gave a better
RNA yield compared to the other ones, therefore this lysis buffer was included in
this experiment. According to the ThermoFisher website, the RNA Secure reagent
needs to be heated to 60°C for 10 min in order to inactivate any RNases present in
the lysate. This is not done in the adipocyte-project protocol. Finally, a publication
by Khei Ho, Xu Ting and Phon Too [86] stated that inhibition of RT and qPCR
reaction was less likely to occur if the volume of lysate made up for less than 10% of
the total volume of the RT reaction. Therefore, RT reactions containing only 10%
or 4% of lysates were evaluated, instead of the 39% used in the adipocyte-project
RT protocol. Also, three different cell densities were compared, 7000, 4000 and 1000
cells/well.
The results from this experiment (Table A.4, A.6 and A.8 in Appendix A) shows
that the estimated amplification efficiency was good for all lysis buffers for 7000 and
4000 cells, except when using 4% lysate of adipocyte-project buffer with activated
RNA Secure. At 1000 cells/well, only the 0.3% NP40/0.1 %BSA buffer still worked
sufficiently. The estimated amplification efficiency for 0.3% NP40/0.1 %BSA sam-
ples was good at all three cell densities, and no difference was seen with either 10%
or 4% in the RT reactions. The adipocyte-project lysis buffer with non-activated
RNA Secure worked well at the highest cell density and at 4000 cells/well if using
10% lysate. Activated RNA Secure did not work as well as non-activated in the
adipocyte-project buffer, especially at 4% lysate. Thus, it seems that reducing the
amount of lysate in the RT reactions makes a major difference, and 10% was used
in all further experiments.
Since a qPCR assay for the single-exon gene 36B4 will also detect gDNA, a com-
parison of Cq values for RT reactions and minus-reverse transcriptase (-RT) control
reactions lacking the reverse transcriptase enzyme, was performed to give an esti-
mate of how much gDNA was present in the sample. The +/-RT Cq values in Table
A.5, A.7 and A.9 in appendix A show that gDNA is present in the samples, but that
the amount is small and not significantly affecting the qPCR signal. For example,
a 5-Cq difference between +RT and –RT, means that the amount of the gDNA is
about 32-fold less than the amount of cDNA in the samples [64]. gDNA may still
affect cDNA synthesis or qPCR negatively, so it might be good to try to reduce it
further.
To sum up, 10% lysate in the RT reaction significantly improved the estimated
amplification efficiency and both 0.3%NP40/0.1% BSA and the adipocyte-project
lysis buffer with non-activated RNA Secure worked well. No improvement was seen
when reducing cell numbers, therefore the cell density will not be changed and 7000
cells/well used.
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4.7. COMPARISON BETWEEN LYSIS BUFFERS WITH AND WITHOUT
DTT AND DNASE

4.7 Comparison between lysis buffers with and
without DTT and DNase

In an attempt to reduce variability, one more lysis buffer (0.1 %BSA) than 0.3%
NP40/0.1 %BSA was evaluated. Studies have shown that BSA have enhancing effect
on qPCR when included in the lysate as it has protective properties of the RNA [84].
To reduce the gDNA in the lysates, DNase-treatment was also evaluated. DTT was
included to reduce the activity of RNases that are present in the lysates and to
prevent RNA degradation. A comparison was also made to see if spinning down
the cell debris in the wells before the cDNA synthesis would reduce the inhibition.
The RNA Secure solution was not included in this experiment as it did not give any
noticeable improvement when activated in the previous experiment.
The serial dilutions from this experiment showed that the wells lysed with 0.3%
NP40/0.1 %BSA did not amplify HPRT1 as well as in the previous experiment,
(see A.10), and poorly for MALAT1 (see A.11). The lysis buffer containing 0.1%
BSA showed better ∆Cq values (estimated amplification efficiency) for both HPRT1
and MALAT1, but the variability (spread) of Cq values between samples was larger
(see standard deviations).
The Cq and ∆Cq values showed that the DTT + DNase treatment did not improve
the assay. The Cq values were very high compared to without DTT and DNase,
possibly due to degradation of RNA during DNase treatment despite the addition
of DTT.
In this setting, the DNase was first activated by incubation at 37°C for 20 min
and then inactivated in the lysate before cDNA synthesis. DNases can be heat-
inactivated, which can lead to chemical degradation of the RNA by divalent cations
present in the DNase buffer. Instead the TURBO DNase was inactivated with a
DNase Inactivation Reagent which binds up the DNase and divalent cations and
removed by centrifugation.
When testing several factors in one experiment makes it hard to draw conclusions.
DTT and DNase treatment should have been tested separately, but due to practical
reasons and time it was not possible to handle the large number of different samples.
The reason for lower ∆Cq values for 0.3%NP40/0.1% BSA could be due to pipetting
errors when performing the dilutions and needs to be investigated further.
Spinning down cell debris in the plate after the lysis was difficult to evaluate. The
∆Cq values deteriorated for HPRT1 when using 0.3% NP40/0.1 %BSA, while no
difference was seen for the other conditions and for MALAT1. No improvement
of gDNA levels were seen with DNase treatment either, but the difference in Cq

values between +RT and –RT was in general larger (see A.12) than in the previous
experiment.
In conclusion, 0.3% NP40/0.1 %BSA did not work as well as before but should be
tested again with the addition of RNA Secure. The lysis buffer containing 0.1%
BSA improved ∆Cq values both for HPRT1 and MALAT1, but might increase the
spread of the data. Due to how DNase treatment is performed in general (the nature
of traditional DNase treatment) it is not possible to improve that step when using
lysates, therefore other ways to reduce the levels of gDNA will be investigated.
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4.8. SEMI-AUTOMATION OF TWO-STEP QPCR ASSAY USING 0.3%
NP40/0.1 %BSA LYSIS BUFFER

4.8 Semi-automation of two-step qPCR assay us-
ing 0.3% NP40/0.1 %BSA lysis buffer

To assess if the improvements that had been made so far (since the last semi-
automated experiment) were enough, a trial was performed using the 0.3% NP40/0.1
%BSA lysis buffer and adding only 10% lysate for the RT reaction. This experiment
was unfortunately performed in parallel with the experiment discussed in section 4.7,
otherwise the 0.1% BSA lysis buffer should have been used. Due to the potential
problems discussed in section 4.1 regarding the Echo555 Acoustic Liquid handler,
this time another pipetting station (Biomek FXP laboratory automation worksta-
tion) was used to transfer qPCR master mix and lysate.

The Figure 4.3 shows that there was still a large variability between the HPRT1 Cq

values from a Cq value of 24.5 to 27.9 (29.0) and the same problem was seen in Figure
4.4 for MALAT1, where the Cq values differs between 21.5 to 26.3. The changes that
was made regarding using another lysis buffer, using only 10% of the lysate in the
RT reaction and using another reference gene, did not give better results compared
to the first semi-automation experiment that was performed (see Figure 4.2). The
variability between the wells was still an issue.

Figure 4.3: Plate layout with the obtained Cq values for the reference gene HPRT1.

Figure 4.4: Plate layout with the obtained Cq values for the target gene MALAT1.
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4.9. QUALITY CONTROL OF THE RNA USING AN AGAROSE GEL

4.9 Quality control of the RNA using an agarose
gel

Right concentration and high quality of RNA are important when quantifying gene
expression using qPCR [91], as degraded RNA can cause variability in the qPCR
results [92]. The quality of the RNA can usually be determined by using gel elec-
trophoresis. If a purified RNA sample containing intact RNA is loaded and separated
on a gel, two distinct bands representing the 28S and 18S ribosomal RNA should
appear, against a faint background of mRNA of different sizes and a faint band at
the lower part of the gel consisting of 5S ribosomal RNA, tRNAs and other small
RNA molecules. Since only 1-3% of total RNA is mRNA, it should barely be seen.
If the RNA is degraded the 28S and 18S bands are fainter or disappear completely,
and are replaced by a strong smear of degraded RNA in the lower part of the gel [93].
The different lysates were loaded on a 1.2% agarose gel and the results from the
agarose gel electrophoresis can be seen in Figure 4.5. No RNA ladder was available,
so the first well was loaded with a DNA ladder, to visualize how far samples could
be allowed to migrate onto the gel before stopping electrophoresis. The second well
was loaded with purified RNA from a previous experiment that was extracted using
Qiagen RNeasy kit, wells 3 and 4 were loaded with 0.3% NP40/0.1 %BSA lysates,
wells 5, 6 and 11 with 0.1% BSA lysates, wells 7, 8 and 12 were loaded with RLN
buffer with 1 mM DTT, and wells 9 and 10 with Cellulyser Micro lysates. RLN
is a lysis buffer provided in the RNeasy 96 kit for isolation of cytoplasmic RNA.
From the protocol it was recommended to add 1 mM DTT. Cellulyser Micro is a
commercially available lysis buffer from TATAA Biocenter.
Figure 4.5 shows that for the column-extracted RNA, three bands are visualized,
28S rRNA, 18S rRNA and a band above them with contaminating gDNA. The
staining pattern in the lanes with lysates, was very unexpected, with no ribosomal
bands and no smear of degraded RNA seen. The only staining seen was about the
same size as 5S rRNA, tRNA and other small RNA molecules, and a diffuse band
or area above the position of a 28S band. There is a possibility that there were too
little material in the lysates and that more need to be loaded on the gel to see the
ribosomal bands and/or degraded RNA, but this does not explain the presence of
the large band. A mammalian cell contains around 10 pg RNA [94], which means
that there are around 70 ng RNA in 7000 cells. At the TermoFisher website there
was found that when using a denaturing agarose gel the recommendation is 200 ng
of RNA to load the gel with at least to be able to see the bands with EtBr (ethidium
bromide) [93]. According to that information, there was too little material loaded
in the gel. But if all RNA was degraded, the qPCR would not detect high levels of
36B4 and MALAT1, as seen in results from the qPCR assay.
To find out purity and how much RNA there is in a sample, a spectrophotometer
can be used by measuring the absorbance at 260 nm. Another strategy that can
be used to determine the RNA quality, is to use a microfluidics instrument such as
the Agilent 2100 Bioanalyzer. But what is common for these instruments is that it
cannot be used on lysates since they will detect both salts, polysaccharides, RNA,
DNA and proteins [92]. Studies that are using a Bioanalyzer usually determines the
quality of extracted RNA [95].
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4.10. PRE-STUDY TO SELECT CONDITIONS FOR A FOLLOWING
EXPERIMENT

Figure 4.5: E-gel General Purpose 1.2% agarose. Lane 1: DNA ladder, 2: purified
RNA isolated using Qiagen RNeasy kit, 3 and 4: 0.3% NP40/0.1 %BSA lysate, 5, 6
and 11: 0.1% BSA lysate, 7, 8 and 12: RLN+1mM DTT lysate, 9 and 10 Cellulyser
Micro lysate

4.10 Pre-study to select conditions for a following
experiment

An experiment was planned to compare a 96-well plate prepared with the traditional
RNeasy 96 kit protocol and one 96-well plate manually lysed and analyzed using
the two-step qPCR protocol. A pre-study was performed to decide what conditions
to use for the two-step qPCR protocol. In this study two different cDNA master
mix solutions and the effect of centrifugation of the lysates to pellet nuclei were
compared to determine the optimal condition for the following experiment.
The pre-study was divided into two parts where the first part was to visually inspect
the lysis of the cells using 5 different lysis buffers and based on the degree of lysis,
select a couple of lysis buffers for the second part where cDNA synthesis and qPCR
analysis was performed. Besides the already tested adipocyte-project lysis buffer,
0.3% NP40/0.1 %BSA and 0.1 %BSA, RLN was also included. This buffer was tested
both with and without the optional 1 mM DTT mentioned in the manufacturer’s
protocol.
The photos taken from the visual inspection can be seen in Figure 4.6. The visual
inspection showed that the cells were completely lysed in the adipocyte-project lysis
buffer and 0.3% NP40/0.1 %BSA. The wells with RLN and RLN+DTT left the
nuclei intact and in 0.1 %BSA the cells were swelling, forming round structures,
likely opening pores. RLN, RLN+DTT and 0.1% BSA was chosen for the second
part of the study because they appeared to leave the nuclei intact or components of
the nuclei enclosed, and therefore should reduce the levels of contaminating gDNA.
The reason for not selecting 0.3% NP40/0.1% BSA was that although it showed
good ∆Cq values (estimated amplification efficiency was close to 100%) in the ex-
periment described in section 4.6, it did not replicate in 4.7 and in 4.8, the Cq
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4.10. PRE-STUDY TO SELECT CONDITIONS FOR A FOLLOWING
EXPERIMENT

(a) (b)

(c) (d)

(e) (f)

Figure 4.6: a) Cells without lysis buffer, b) Cells lysed with adipocyte-project lysis
buffer, c) Cells lysed with 0.3% NP40/0.1% BSA, d) 0.1% BSA, e) RLN, f) RLN
with 1 mM DTT.

variability between samples was very large. The adipocyte-project lysis buffer im-
proved significantly when using only 10% lysate in the RT reaction in 4.6, but since
both the adipocyte-project and 0.3% NP40/0.1% BSA buffers were similar visually,
a decision was made to evaluate the ones that differed and select the lysis buffer
that have never had been tested in a full-plate experiment before.

Table A.13 in Appendix shows that the variability of 0.1% BSA samples was very
large, 3 Cq-values with adipocyte-project RT mix and more than 5 Cq values with
High Capacity RT mix. This confirmed the trend seen in experiment 4.7. The High
Capacity RT samples were 1 Cq-value higher than the same adipocyte-project RT
samples. One reason why adipocyte-project cDNA RT mix was better might be
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because it contains a mixture of both random and oligo(dT) primers, allowing for
optimal reverse transcription, while the High Capacity mix only contains random
primers.

The two RLN buffers looked promising since they only varied ∼1 Cq-value between
samples where the lysate had been centrifuged before pipetting RT reactions. For
some unknown reason, the RLN only samples showed poor ∆Cq values after spin.
The estimated amplification efficiency was good for HPRT1 in the RLN-based lysis
buffers, but very poor for MALAT1 (see Table A.14).

Neither 0.1% BSA nor the RLN buffers were perfect; for the first a large variability
between wells that might indicate incomplete lysis not releasing all mRNA from
cells, and the for the latter, like for 0.3% NP40/0.1% BSA, the poor ∆Cq values
for MALAT1 due to some unknown inhibition. The RLN buffer was chosen for the
next experiment.

4.11 Comparison between lysate and traditional
column-purified RNA

To exclude that the variability and issues with estimated amplification efficiency
were related to the 384-plate format, a comparison was made between one 96-well
plate prepared with the traditional RNeasy 96 kit protocol and one 96-plate manu-
ally lysed and analyzed using the two-step qPCR protocol. From the pre-study, the
RLN lysis buffer and the RT master mix from the adipocyte-project were selected for
the two-step qPCR protocol. The cells in the plates were treated with three differ-
ent ASOs (two GLP1-conjugated MALAT1 ASOs and one MALAT1 -ASO without
GLP1).

When comparing the plate-layouts seen in Figure 4.7 and 4.8 a much larger vari-
ability in HPRT1 than in the previous experiment was seen across wells in the
lysate-based plate. Surprisingly, a similar variability was also seen in the plate
based on purified RNA. This means that even if the same number of cells were
seeded in all wells, there were differences also in the amounts of RNA isolated from
different wells of the latter plate. This experiment shows that the Cq variability is
not specific neither for the 384-well plate format nor the lysis-based two-step qPCR
protocol.

From the graphs in Figure 4.9 and 4.10 it is seen that the concentration-response
curve using the two-step protocol is not perfect but decent and the relative expression
is varying compared to the curve in Figure 4.10, where the concentration-response
curve shows a nice dose-dependent reduction. The variability in the relative expres-
sion indicates that the lysates must be disturbing the RT and qPCR reactions and
that the assay needs further improvements.

When comparing the ∆Cq (to find out the estimated amplification efficiency) for the
assays using hydrolysis probes or reporter dyes in Figure 4.11, samples from purified
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Figure 4.7: Plate-layout showing the received Cq values for HPRT1 using the
two-step qPCR protocol

Figure 4.8: Plate-layout showing the received Cq values for HPRT1 using the
traditional protocol with column purification of RNA

Figure 4.9: Concentration-response curve generated from lysate using two-step
protocol, where each data point, the mean±SEM of the relative expression of
MALAT1 normalized to HPRT1 was plotted against the concentration of GLP1-
MALAT1 -ASO

RNA (blue lines) were linearly amplified both when using TaqMan and SYBR Green
qPCR assays, while the amplification of most lysate samples were linear only when
using TaqMan assays. Some of the samples from the lysate improved when using
the SYBR Green assay for HPRT1 as seen in Figure 4.11 a. It is not surprising that
the samples from column-purified RNA showed one Cq value between the dilutions,
because the RNA used were purified and probably did not contain any cellular
components that could interfere with the SYBR or TaqMan assays. The TaqMan
assays used were also commercial, and validated and tested by experts to determine
the optimal conditions. An advantage of using TaqMan assay is that the probes
increase the specificity. Another difference between TaqMan and SYBR assays is
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Figure 4.10: Concentration-response curve generated from RNA purified from
Qiagen spin columns, where each data point, the mean±SEM of the relative expres-
sion of MALAT1 normalized to HPRT1 was plotted against the concentration of
GLP1-MALAT1 -ASO

that different master mix buffers are used and the combination of all these factors
could be the reason why TaqMan assays were less sensitive to inhibition. Based on
the results it is less likely that the inhibition in the qPCR reactions are less severe
and that the lines were more linear (∆Cq values were improved) because hydrolysis
probes were used.

(a) (b)

(c) (d)

Figure 4.11: The graphs shows the difference in linearity when using hydrolysis
probes (AoD) (c and d) and reporter dyes (SYBR) (a and b) for traditional and
two-step qPCR assays for MALAT1 and HPRT1. The x-axis of the graphs shows
the dilution and the y-axis the Cq values.
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This experiment showed that using hydrolysis probes improved the amplification
efficiency for the samples containing lysate. It is possibly that this discovery together
with the other findings (using Poly-D-Lysine plate which improved the attachment
of the cells after the washing step prior to lysis, using only 10% lysate in the cDNA
synthesis) could reduce variability also for other lysates using other lysis buffers.
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4.12 Comparison of lysis buffers and qPCR anal-
ysis using hydrolysis probes

The goal of this experiment was to see if there were any improvements when using
different lysis buffer when running the qPCR reaction with hydrolysis probes. Cells
were seeded in a 384-well plate with Poly-D-lysine coating, and manually treated
with a GLP1-MALAT1 -ASO. The washing step of the cells was performed using the
BRAVO Automated Liquid Handling Platform and five different lysis buffers were
evaluated. The later steps were performed as described before, where 10% lysate
was used in the RT reaction.

The improvement in the estimated amplification efficiency (by observing the ∆Cq

values) that was made when using the hydrolysis probes, made it worth comparing
the adipocyte-project, 0.3% NP40/0.1% BSA and RLN lysis buffer one last time to
see if it could improve the variability of Cq values. For this experiment the original
protocol for the adipocyte-project buffer was used and 0.3% NP40/0.1% BSA with
RNA Secure to see if it had an effect without activation. The RLN buffer was tested
both with and without RNA Secure, and 1 mM DTT (as recommended in Rneasy
Mini Handbook). According to different descriptions of DTT and RNA Secure, both
should inactivate RNases.

The results in Figure 4.12 shows that depending on which lysis buffer used, different
variability in the Cq value is seen, where RLN with RNA Secure had the lowest Cq

value (29.4-27.1=2.3), representing a ∼5-fold difference. The difference in Cq val-
ues in adipocyte-project lysis is 30.1-26.2=3.9, 0.3% NP40/0.1% BSA+RNA Secure
31.0-27.2=3.8, RLN 29.9-27.5=2.4 and RLN with DTT 30.6-27.3=3.3. These values
seem to be fairly constant and have also been seen in previous experiments.

When comparing the Cq-values for MALAT1 and HPRT1 in the control wells (un-
treated wells) similar patterns was seen. A low Cq value in a well on the HPRT1
plate corresponded to a low Cq value on the MALAT1 plate. This means that even
if the amount of HPRT1 differs between wells, the MALAT1 levels differ with the
same pattern. Therefore, the variability does not affect the relative expression of
MALAT1 as it is normalized to HPRT1. There was only a 2-fold difference in rela-
tive expression of MALAT1 in controls wells using the adipocyte-project lysis buffer,
RLN or RLN+RNA Secure lysis buffers. When normalizing the data the variabil-
ity gets reduced (data gets tighter), compared to the relative expression values for
HPRT1 and MALAT1 separately.

The remaining variability in Cq values may be caused by DPBS solution remaining
in the wells after washing cells. When pipetting liquid from wells by hand, almost
all solution can be removed without losing cells, by tilting plate and pipetting in
the side of the well. Whereas when using automation, the pipette tips are vertical
and it is not possible to remove all solution completely without also removing cells.
To avoid cell detachment (section 3.3.1.1) the program for the liquid handler was
changed to increase the distance between the bottom of the plate and the tips, which
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Figure 4.12: Plat-layout with the received Cq values from qPCR assay for HPRT1
(upper layout) and MALAT1 (middle layout), and the relative MALAT1 expres-
sion (lower layout). Columns 3-6 represent wells with cells lysed with adipocyte-
project lysis buffer+RNA Secure, columns 7-10 cells lysed with 0.3% NP40/0.1
%BSA+RNA Secure, columns 11-14 cells lysed with RLN, columns 15-19 cells lysed
with RLN + RNA Secure, and columns 19-22 cells lysed with RLN with DTT.

could result in solution remaining in the wells. If DPBS is left in some of wells it
would dilute the lysis buffer and possibly causing incomplete lysis of cells i.e. the
cells are differently lysed in each well. This needs further investigation.
The concentration-response curves seen in Figure 4.13, shows that all lysis buffers
gives decent curves with less outliers compared to the experiment in section 4.1,
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Figure 4.1. A difference in variability between the replicates can mostly be seen
with 0.3% NP40/0.1 %BSA+RNA Secure and RLN with DTT. RLN with RNA
Secure gives a slightly larger assay window (the difference in relative expression
between untreated and maximum suppressed samples) and lower variability between
replicates which facilitates when comparing and ranking different ASOs.

To sum up, the results from the experiment showed that the TaqMan assay did not
improve the variability in Cq values. But the concentration-dose response curves
were significantly improved for all assays tested. A potential explanation for the
variability could be dilution of lysis buffers leading to less efficient lysis in some
wells. From Figure 4.12 is seen that the variability over the plate, does not effect
the data for the relative expression of MALAT1.

(a) (b)

(c) (d)

(e)

Figure 4.13: Concentration-response curves for the different lysis buffers (a.
adipocyte-project lysis buffer + RNA secure, b. 0.3% NP40/0.1 %BSA + RNA
Secure, c. RLN, d. RLN + RNA Secure and e. RLN + DTT, where each data
point, the mean±SEM of the relative expression of MALAT1 normalized to HPRT1
was plotted against the concentration of GLP1-MALAT1 -ASO.
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5
Conclusion

Applying an assay to a new cell model can be time consuming, and unexpected prob-
lems can show up. What was assumed to be a simple adaptation of the adipocyte-
project qPCR protocol to GLP1R-HEK293 cells proved to be really complicated as
the cells unexpectedly behaved very different. The problems faced regarding the
assay (poor concentration-response curves, variability in Cq values and varying ∆Cq

values) were not easy to solve.

However, this study have shown that it is possible to set up a semi-automated high-
throughput two-step qPCR based assay for whole cell lysates of GLP1R-HEK293
cells. This assay will now be used to quantify the productive uptake of GLP1-
MALAT1 -ASO by measuring a concentration-dependent reduction of the relative
gene expression of the target gene, MALAT1 after treatment with different ASO
conjugates. In this study, a tool ASO was used to establish the assay but will from
now on be used to screen and rank different GLP1 peptide conjugated to MALAT1 -
ASO, for optimizing and selecting of peptides with different length and linkers based
on potency and efficacy.

The knowledge gained during the project about optimization of a direct lysis assay
and what can affect the qPCR reaction have shown that a new assay needs to be
optimized separately depending on which cell type is used. This includes finding
the optimal reference gene for specific cells, finding the right lysis buffer and eval-
uate different qPCR assays. Cells differ depending on origin, and can be more or
less sensitive to the different conditions. In this study, the HEK293-GLP1R cells
behaved very different from the primary adipocytes when using the lysis buffer used
in the adipocyte-project. Another learning is that it is important to ensure that
the amplification of the cDNA samples in the PCR reaction is efficient and that the
∆Cq values are linear for an optimized assay. The variability in the Cq values seen
over the plate can be due to incomplete lysis, because of remaining DPBS in the
wells after the washing step and needs further evaluation.

Major improvements that were made during the trouble-shooting of the two-step
qPCR assay, were using a Poly-D-Lysine coated plate, RLN+RNA Secure lysis
buffer, reducing the lysate amount in the RT master mix from 39% to 10% im-
proved the amplification in the PCR for HPRT1, that the switching from using
SYBR Green dyes to TaqMan probes, whether it was due to the master mix compo-
sition or the quality of the assay design, made the estimated amplification efficiency
of MALAT1 close to 100%.
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6
Future work

When setting up a new assay it is important to determine the reproducibility which
is the measure of how precise the assay is (i.e if the assay give the same result when
an experiment is repeated, and to make sure that the data are accurate) [96]. The
next step would be to repeat the last experiment semi-automated, with RLN and
RNA Secure, 10% lysate in the RT reaction and hydrolysis probes in the qPCR,
using the final protocol found in A.6.

The reproducibility can be determined by repeating an experiment with the same
plate layout on (e.g. three) different occasions, treated with different GLP1 conju-
gated ASOs, with multiple replicates for each condition. In such set up, the variation
within a plate, between plates and between different runs can be compared for each
condition to determine the reproducibility statistically (usually expressed as CV,
coefficient of variation) [96, 97]. Statistical tools can also be used to determine how
many replicates are needed to get an acceptable variability between the wells. When
conditions with acceptable variability and reproducibility have been decided, the as-
say is ready for screening and ranking of different GLP1-ASO conjugates targeting
MALAT1.

The knowledge gained in this project will be used to find the right lysis buffer and
to customize the protocol and apply to dispersed primary mouse islet cells. The
high-throughput assay will be set up according what was found in this study, using
10% lysate in the RT reaction and hydrolysis probes in the qPCR reaction.
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A
Appendix

A.1 Primary islet cells from mouse

Table A.1: Cq values received from the qPCR run for 36B4 and was used to
calculate the ∆Cq values between each dilution for 4000, 4500, 5000, 7500, 10000
and 12500 primary islet cells from mouse to find out the estimated amplification
efficiency.

I



A.2. GLP1R-HEK293 CELLS

Table A.2: Cq values and calculated ∆Cq values that were received from the wells
containing 4000, 2000, 1000, 500 and 250 primary islet cells from mouse for different
reference genes.

A.2 GLP1R-HEK293 cells

Table A.3: Cq values and calculated ∆Cq that was recived from the qPCR run for
7000 GLP1R-HEK293 cells using different reference genes.

II



A.3. COMPARISON BETWEEN DIFFERENT CELL NUMBERS AND LYSIS
BUFFERS

A.3 Comparison between different cell numbers
and lysis buffers

Table A.4: Cq values and calculated ∆Cq for 7000 GLP1R-HEK293 cells lysed with
different lysis buffers, adipocyte lysis buffer and 0.3% NP40/0.1% BSA containing
activated or non-activated RNA Secure.

Table A.5: Cq values from 7000 GLP1R-HEK293 cells/well used for comparison
between RT reaction with and without reverse transcriptase, to give indication of
gDNA contamination

III



A.3. COMPARISON BETWEEN DIFFERENT CELL NUMBERS AND LYSIS
BUFFERS

Table A.6: Cq values and calculated ∆Cq for 4000 GLP1R-HEK293 cells lysed with
different lysis buffers, adipocyte lysis buffer and 0.3% NP40/0.1% BSA containing
activated or non-activated RNA Secure.

Table A.7: Cq values for 36B4 for 4000 GLP1R-HEK293 cells used for comparison
between RT reaction with and without reverse transcriptase, to give indication of
gDNA contamination.

IV



A.3. COMPARISON BETWEEN DIFFERENT CELL NUMBERS AND LYSIS
BUFFERS

Table A.8: Cq values and calculated ∆Cq for 1000 GLP1R-HEK293 cells lysed with
different lysis buffers, adipocyte lysis buffer and 0.3% NP40/0.1% BSA containing
activated or non-activated RNA Secure

Table A.9: Cq values for 36B4 used for comparison between RT reaction with and
without reverse transcriptase, to give indication of gDNA contamination in wells
containing 1000 GLP1R-HEK293 cells.

V



A.4. COMPARISON BETWEEN CELLS LYSED WITH DIFFERENT LYSIS
BUFFERS WITH AND WITHOUT DTT AND DNASE TREATMENT

A.4 Comparison between cells lysed with differ-
ent lysis buffers with and without DTT and
DNase treatment

Table A.10: Cq values received from qPCR reaction for HPRT1 and calculated
∆Cq for different lysis buffers (0.3% NP40/0.1% BSA, 0.3% NP40/0.1% BSA with
DTT and DNase and 0.1%BSA with and without DTT and DNase) for each dilution.

VI



A.5. PRE-STUDY

Table A.11: Cq values received from qPCR run for MALAT1 and calculated ∆Cq

for different lysis buffers (0.3% NP40/0.1% BSA, 0.3% NP40/0.1% BSA with DTT
and DNase, 0.1% BSA with and without DTT and DNase) for each dilution.

Table A.12: Average of the Cq values received from the qPCR run for 36B4 used
for comparison between RT reaction with and without reverse transcriptase, (as
control) to give indication of gDNA contamination.

A.5 Pre-study

VII



A.5. PRE-STUDY

Table A.13: Cq and ∆Cq for HPRT1 from the wells that contained GLP1R-
HEK293 cells lysed with RLN lysis buffer, RLN + DTT lysis buffer or 0.1% BSA,
where two different cDNA kit (A-project and High-Capacity cDNA Reverse tran-
scription kit) was used for the cDNA synthesis.

Table A.14: Cq and ∆Cq for MALAT1 from each well that contained GLP1R-
HEK293 cells lysed with RLN + DTT lysis buffer or 0.1% BSA, where two different
cDNA kit (A-project and High-Capacity cDNA Reverse transcription kit) was used
for the cDNA synthesis.

VIII



A.5. PRE-STUDY

Table A.15: Calculated relative gene expression for each well containing RLN
lysis buffer, RLN + DTT lysis buffer or 0.1% BSA, where two different cDNA kit
(A-project and High-Capacity cDNA Reverse transcription kit) was used for cDNA
synthesis.

Table A.16: Cq values (for 36B4 ) used for comparison between well containing
containing RLN buffer and RLN buffer + DTT where the cDNA synthesis was
performed using High Capacity kit with and without reverse transcriptase to see if
there are any contamination of gDNA.

IX



A.6. PROTOCOL

A.6 Protocol

X



 
The section described here contains the final protocol of the semi-automated two-qPCR assay for GLP1-

HEK293 cells. 

 
B.1 Final protocol  

 
Seeding of GLP1R- HEK293 cells in 384-well plate 

 

1. Calculate the desired cell concentration that each well should contain and how much of the 

cell suspension and medium that needs to be added in a 50 mL Falcon tube if the total volume 

of cell culture in each well in the 384-well plate should be 35 µL. 

2. Use a MultiDrop to seed the cells in a Poly-D-Lysine coated 384-well plate (Corning, 354663 

384). 

3. Incubate the cells at 37°C, 5% CO2 overnight. 

 
ASO treatment of GLP1- HEK293 cells in 384-well plate  

 

4. Determine the concentration (content of the oligonucleotides) of the ASOs dissolved in PBS 

by measuring the OD at 260 nm and using the Lambert-Beers law.  

5. Prepare vials with 8X higher concentration for each ASO by using the values gained from 

previous step to get the right amount for each well, so that it is enough to have duplicates or 

triplicates of each ASO.  

6. Serial dilute 1:3 the ASOs in culture medium in a 384-well compound plate (Greiner, 781280) 

to get 11-12 points (starting from the highest to the lowest concentration). 

7. Add 30 µL cell medium to all other well that will serve as negative (untreated) control. 

8. Use the CyBi-well Multichannel Pipettor (CyBio) to transfer 5 µL from the 384-well 

compound plate to the 384-well plate containing cells. 

9. Perform extra washing step of tips if several plates are used. 

10. Incubate the cell plate at 37°C, 5% CO2 for another 24 hours. 

 

Cell lysis  

 

11. Prepare RLN (Qiagen, 74181) with RNA Secure (ThermoFisher Scientific, AM 7006) lysis 

buffer according to Equation (B1-B2) to add 30 µL in each well in a 50-mL Falcon tube. 

 

(No. of wells · 30 µL · 1.1) · 
1

25
 = RNA Secure (mL)                                                                  (B1) 

(No. of wells · 30 µL · 1.1) – RNA Secure (mL) = RLN (mL)+ RNA Secure (mL)                  (B2) 

 

12. Place the tube on ice. 

13. Prepare RT-master by adding 20X RT Enzyme Mix (20x), 2x RT Buffer (2x) and RNase-free 

water in a Falcon tube to have enough for 18 µL per well. Place the tube on ice.  

14. Inspect the cells under a microscope, before and after wash. 

15. Use the Bravo pipetting station to remove medium and wash the cells with DPBS (Gibco, 

14040).  

16. Dispense 30µL of the prepared lysis buffer in each well of the 384-well plate using a 

Multidrop.  

17. Seal the plates with LightCycler 480 Sealing Foil. 

18. Keep the plates on ice until transferring and pipetting RT master mix. 

 

 RT reaction 

 

19. Spin down the cell lysate plate at 700g for 2 min to centrifuge down the cell debris.  

20. Add 18 µL of the master mix to all wells of the PCR plate (Axygen, PCR-384-RGD-C) using 

the MultiDrop. 
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21. Use the Vprep/Velocity 11 pipetting station to transfer 2 µL of the lysate to the wells of the 

PCR plates (Axygen, PCR-384-RGD-C). 

22. Seal the plate with (LightCycler 480 Sealing Foil) and spin down plate at 1000 rpm, 216g for 

1 min.  

23. Use the DNA Engine with 384-PCR blocks for RT reaction. 

24. Set the program to 37°C  60min, 95°C 5min, 4°C infinity. 

25. Run the RT reaction. 

 

qPCR amplification reaction 

 

26. Use the Multidrop to dispense 6 µL RNase-free water to a qPCR plate (Applied Biosystems 

4326270). 

27. Transfer 2 µL cDNA template to a qPCR plate containing water by using the Vprep/Velocity 

11 pipetting station.  

28. Prepare separate qPCR master mixes (3 mL for one 384-well plate) for HPRT1 and MALAT1 

in 15-mL falcon tubes by adding 4x TaqMan Gene expression master mix (Applied 

Biosystems 4369016), 1.6x Rnase free water and 0.4x Assay-on-Demand primers for the 

target gene and reference gene (applied Biosystems). Vortex all reagents. 

29. Pour out the master mix in one plastic tray.  

30. Use the Biomek FXp laboratory automation workstation (Beckman Coulter), to add 6 μL 

qPCR master mix, transfer 2 μL diluted cDNA from qPCR plate (Applied Biosystems 

4326270) the into MicroAmp Optical 384-well Reaction Plate (Applied Biosystems 4326270) 

and mix. 

31. Seal the plate with MicroAmp Optical Adhesive Film (Applied Biosystems 4311971) and 

centrifuge the plate at 700g for 1 min to remove bubbles.  

32. Run the qPCR amplification reaction using the QuantStudio 7 Flex Real-Time PCR System 

(Applied Biosystems). 
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