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ABSTRACT

Pancreatic ductal adenocarcinoma (PDAC) is the most common type of pancreatic cancers
and accounts for 7 % of cancer-related mortalities worldwide. The disease has an overall
Syear survival rate of less than 5 % and a median survival of 6 months, with mortalities
caused by the disease being almost equal to the incidence each year. The poor prognosis
associated with PDAC is attributed to its mostly asymptomatic nature and lack of specific
biomarkers in the early stages of the disease, thus most cases are diagnosed at an advanced
stage where metastasis has already occurred. Despite perceived improvements in
chemotherapeutic and biological agent strategies, the prognosis of advanced PDAC remains
dismal. This study investigated the role of the insulin-like growth factor 1 receptor (IGF-1R)
pathway in PDAC in vitro. The baseline expression the IGF-1R and downstream signalling
was determined in control and PDAC cell lines, which represented normal, early-,
intermediate and late-stages of the disease. Further assessment of the role of IGF-1R
signalling was assessed through modulation of the pathway with IGF-1, a stimulatory
compound; and NVP-AEWS541 and Picropodophyllotoxin (PPP) IGF-1R inhibitors. Diluent
controls of DMSO and BSA were also used.

The HPDE, PANC-1. Mia PaCa-2 and CF PAC-1 cell lines were used. These cell lines are
representative of the tumours from which they were derived, i.e., PANC-1, Mia PaCa-2 and
CF PAC-1 cells represent the early, intermediate, and late stages of PDAC, and HPDE cells
represent a normal, healthy pancreatic ductal cells. The cytotoxic potential of the
NVPAEWS541 and Picropodophyllotoxin inhibitors were determined using the Trypan blue
exclusion method. The WST-1 assay was used to compare proliferation between the cell
lines. Clonogenic and migration phenotypic assays were used to evaluate the survival and
migratory capacity of the PDAC cells. Alterations in gene expression was assessed using
quantitative real-time polymerase chain reaction (QRT-PCR). In Mia PaCa-2 cells, protein
expression of downstream members of the IGF-1R pathway was assessed using a western
blot analysis technique.

Across all cell lines the 1Cso of NVP-AEW541 was found to be between 2.5 uM and 2.7 uM,
and between 0.65 pM and 4 uM for the Picropodophyllotoxin inhibitor. NVP-AEW541 and
Picropodophyllotoxin was found to significantly decrease cell proliferation in the HPDE,
PANC-1 and CF PAC-1 cell lines. In addition, HPDE cells appeared to be the most sensitive

cell line to the different treatment groups when compared to the other cell lines. Colony



counts were significantly decreased in all cell lines when treated with the DMSO diluent,
with Picropodophyllotoxin being more effective than NVP-AEWS541 in preventing large
colony formations. Migration was significantly decreased in all cell lines when treated with
DMSO, NVP-AEWS541 and Picropodophyllotoxin. Analysis of gene expression data of genes
involved in the IGF-1R pathway showed that NVP-AEW541 increased the expression of
these genes in HPDE and CF PAC-1 cells. In PANC-1 and Mia PaCa-2 cells the expression
of these genes was downregulated in cultures treated with NVP-AEW541.

Picropodophyllotoxin either decreased or had a minimal effect on gene expression in all cell
lines. Protein expression of IGF-1R was found to be constant across all treatment groups in
the Mia PaCa-2 cell line.

This study found that even though IGF-1R was not a predominant signalling cascade in the
Mia PaCa-2 cell line which represents the intermediate stage of PDAC, and it is hypothesized
that the cytotoxic effects of the compounds used may have been metabolised by these cells at
a later point. It was further shown that PDAC cells responds differently at different stages of
its progression, showing that a single treatment for all stages of the disease is not sufficient in
improving overall patient survival. This demonstrates an urgent need for molecular subtyping

of tumours which may lead to more tailored therapies for PDAC.
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CHAPTER 1: INTRODUCTION

1.1. Pancreatic Ductal Adenocarcinoma: Overview
Pancreatic ductal adenocarcinoma (PDAC) is becoming one of the world’s most lethal forms

of cancer. Regardless of treatment it has an overall 5-year survival rate of less than 5 % and a
median survival of 6 months (Ghaneh et al., 2008; Kamisawa et al., 2016; Adamska et al.,
2017). PDAC accounts for more than 80 % of all pancreatic cancers, with mortalities caused
by the disease being almost equal to the incidence each year (Kamisawa et al., 2016; Torres
& Grippo, 2018). Globally, PDAC accounts for approximately 7 % of cancer-related
mortalities and in the United States of America (USA) it ranks as the fourth leading cause of
cancer-related deaths (WHO, 2014). The true incidence of the disease is not known in South
Africa as it is under-reported, however it ranks 11" in terms of mortality. While between
1993 and 2013, mortalities caused by the disease within the South African population appears
to have increased by approximately 75.7 %, with the female black population being more
severely affected having increased by 86.1 % (WHO, 2014). As of 2020, there was a 97.44 %
mortality of new PDAC cases in Southern Africa (Globocan, 2020). While this increase in
cases and mortalities are staggering, the apparent increase in numbers is largely influenced by
improved reporting systems in Southern Africa. The poor prognosis associated with PDAC is
attributed to its mostly asymptomatic nature and lack of specific biomarkers in the early
stages of the disease, thus most cases are diagnosed at an advanced stage where metastasis
has already occurred (Mihaljevic et al., 2009; Michl & Gress, 2013).

A family history of chronic pancreatitis and pancreatic cancer are important risk factors for
the disease where approximately 10 % of affected patients have a family history of prior
pancreatic complications (llic & llic, 2016; Tang et al., 2017). Other risk factors include
cigarette smoking, obesity, diabetes mellitus and high-fat diets. The disease was also found to
be more common with increasing age, in the male sex and more prominent in the African
ethnic groups (Ilic & llic, 2016; Law et al., 2020).

1.1.1. Biology
Pancreatic cancer, despite its relatively low incidence is fast becoming one of the most lethal

and devastating malignancies. It represents the archetype of all metastatic and aggressive
malignancies. These tumours show therapeutic resistance to a variety of targeted biological
agents, cytotoxic chemotherapies and radiotherapy (Rajabpour et al., 2017; Biancur &

Kimmelman, 2018). The lack of effective therapy options and late diagnosis makes the



disease one of the most lethal malignancies, worldwide (Maitra & Hruban, 2008; Michl &
Gress, 2013).

Pancreatic tumours are often divided into two subtypes, exocrine and endocrine tumours. The
exocrine tumours originate in the enzyme-producing acinar pancreatic cells; while the
endocrine tumours arise from the hormone-secreting cells of the pancreas (Figure 1.1)
(Hruban et al., 2000; Moore et al., 2001; Nandy & Mukhopadhyay, 2011). A further

classification of pancreatic cancers are shown in Table 1.1.
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Figure 1.1: A cross-section of the pancreas. The pancreas is composed of exocrine and
endocrine glands that contain cells which secrete enzymes into the pancreatic duct and hormones into
blood vessels, respectively. Schematic shows the location of these cells in relation to the pancreatic
duct (Hruban et al., 2000).

Table 1.1. Pancreatic tumours and associated histological features

Pancreatic Neoplasm Histological Features
Ductal adenocarcinoma Ductal morphology, desmoplasia
a) Medullary carcinoma Poorly differentiated, intratumoural
lymphocytes
b) Colloid (mucinous noncystic) Mucin pools
carcinoma
Acinar cell carcinoma Presence of zymogen granules
Pancreatoblastoma Multilineage differentiation, squamous nests
Solid pseudopapillary neoplasm Pseudo papillar, solid and cystic areas,
hyaline globules
Serous cystadenoma Multicellular cysts, glycogen-rich
epithelium
Pancreatic endocrine tumours Hormone production

Table adapted from Maitra & Hruban, 2008.



Before metastasis to organs such as the lungs and liver, PDAC commonly originates in the
head of the pancreas and then infiltrates into the surrounding tissues such as the spleen,

lymphatics and peritoneal cavity (Hezel et al., 2006; Yachida & lacobuzio-Donahue, 2008).

The most predominant subtype of PDAC demonstrates a glandular pattern with duct-like
structures and a variation in cellular atypia (Hezel et al., 2006). The less common subtypes of
PDAC include tumours with a colloid, adenosquamous and sarcomatoid histological
structure. PDAC evolves through three recognized precursor lesions such as pancreatic
intraepithelial neoplasias (PanIN), intraductal papillary mucinous neoplasms (IPMN) or
mucinous cystic neoplasms (MCN) (Singh & Maitra, 2007; Vincent et al., 2011).

Of these precursor lesions, PanIN are the most common neoplastic precursor to invasive
PDAC. These lesions follow a stepwise progression to PDAC which is graded through three
stages: PanIN1, PanIN2 and PanIN3. PanIN1 are considered low-grade, correlated with
increasing age and present with the columnar, mucinous epithelial differentiation of ductal
cells. PanIN2 and PanIN3 are more advanced lesion grades and present with increased
architectural disorganization and nuclear atypia that are usually detected adjacent to
established carcinomas ( Hezel et al., 2006; Singh & Maitra, 2007; Vincent et al., 2011)
(Figure 1.2.). PanIN2 and PanIN3 lesions ultimately transform into PDAC with evidence of

invasion beyond the basement membrane (Hezel et al., 2006).
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Figure 1.2: The development of normal pancreatic cells to a tumour. Image shows the
progression of PDAC from precursor lesions. Adapted from Hezel et al., 2006.



1.1.2. Symptoms
The presenting symptoms of PDAC is dependent on the stage of the disease and the location

of the tumour within the gland. Early stages of the disease is usually “clinically silent”, thus
the disease only becomes apparent after local invasion or metastasis to distant organs
(Vincent et al., 2011). The most common symptoms of PDAC include abdominal or mid-
back pain, jaundice, diarrhoea, nausea, and weight loss. The weight loss often arises from
maldigestion from pancreatic ductal obstruction, cachexia, and anorexia. Chronic pancreatitis
is also sometimes associated with pancreatic-duct obstruction. Deep and superficial venous
thromboembolisms are associated with malignancy of the disease (Vincent et al., 2011).

Tumours that are located at the head and the body of the pancreas present with jaundice,
abdominal or back pain. Other less common symptoms include diabetes mellitus which
occurs in approximately 25 % of affected individuals and an impaired glucose tolerance or
state of hyperglycaemia that has been reported in 40 % of PDAC cases (Chari et al., 2008;
Pannala et al., 2008).

1.1.3. Detection and staging
The best initial diagnostic test for PDAC follows the tri-phasic pancreatic-protocol

computerized tomography (CT), this procedure can reliably detect locally advanced and
metastatic tumours. These scans are also used for disease staging and provides a 3-
dimensional reconstruction of tumours which provides about 80 % accuracy for the
prediction of resectability (Vincent et al., 2011; Cooperman et al., 2018; Torres & Grippo,
2018). Another commonly used procedure for the detection of PDAC is the use of endoscopic
ultrasounds, and magnetic resonance imaging (MRI) is used for staging in patients who
cannot tolerate the intravenous contrast for CT (Vincent et al., 2011; Cooperman et al.,
2018).

The disease is classified and staged using the American Joint Committee on Cancer (AJCC)
tumour node metastasis (TNM) system, whereby the size of the primary tumour, regional
lymph nodes and distant metastasis are assessed (Edge & Compton, 2010). The tumours are
divided into stages, each with its own treatment and prognosis; Stage 1a and 1b: localised,
resectable; Stage 2a and 2b: locally advanced, borderline resectable, Stage 3: regional lymph

node metastasis, unresectable and Stage 4: distant metastasis (Table 1.2).



Table 1.2 The TNM classification of pancreatic cancer

AJCC Pancreas Cancer TNM classification
T (Tumour size) N (lymph Node status) M (Metastasis)

Tx-Unable to assess pnmary Nx-Unable to assess MO- No distant metastasis
tumour regional lymph nodes

TO-No evidence for pnmary NO-No regional lymph node M1-Distant metastasis
tumour metastasis

Tis- Carcinoma in situ N1-Regional Ilymph node
metastasis

T1-Tumour limited to
pancreas and <2cm in size

AJCC Pancreas Cancer staging

T2-Tumour limited to
pancreas and >2cm in size Stage T status N status M status
T3-Tumour extends beyond 0 TS NO MO
the pancreas 1A n NO MO

18 T2 NO MO
T4-Tumour extends beyond HA T3 NO Mo
the pancreas with the ns T N1 MO
involvement of celiac axis T2 N1 MO
and or supenor mesentenc T3 N1 MO
artery (unresectable) m T4 Any N MO

v Any T Any N MO

Adapted from Edge & Compton, 2010.

1.1.4. Treatment of PDAC
Due to the high degree of tumour and tumour microenvironment (TME) heterogeneity,

signalling cascade plasticity and genetic diversity, drug delivery and effective targeting
proves a major challenge for the treatment of PDAC (Sciver et al., 2018). Treatment of
PDAC includes surgery, chemotherapy, radiotherapy, and palliative treatment. These
treatment options are dependent on the stage of the disease and is selected accordingly
(Kamisawa et al., 2016).

1.1.4.1.Surgery
The choice of surgical technique is based on the following factors: tumour size and location,

patient’s wellbeing, and metastasis of the tumour (Torres & Grippo, 2018; Attard et al.,
2019). Pancreaticoduodenectomy, also called a Whipple procedure, is the most common
surgical procedure performed for the removal of tumours found in the head of pancreas. A

distal pancreatomy is performed when the tumour is located at the body and/or tail of the



pancreas; and a total pancreatectomy is performed when the tumour affects the entirety of the
pancreas (Mihaljevic et al., 2009; Torres & Grippo, 2018).

Patients with resectable tumours who undergo a surgical resection have been shown to have
an overall survival up to 7 years (Mihaljevic et al., 2009; Torres & Grippo, 2018). However,
local recurrence (>20 %) and distant metastasis (>70 %) after surgery is common,

consequently there is a need for adjuvant therapy which currently consists of chemotherapy

with or without radiation (Song et al., 2016).

1.1.4.2.Adjuvant therapy after resection
Adjuvant therapy is recommended for patients who have recovered from pancreatic resection,

usually 1-2 months after surgery. Common adjuvant therapies administered include
fluorouracil-based chemoradiation and gemcitabine. Clinical trials have concluded that the
administration of these therapies following surgery has increased survival time when
compared to surgery alone; with a median overall survival of 22.8 versus 20.2 months
(Grutzmann et al., 2004; Singh & Maitra, 2007). Other adjuvant therapies administered after
surgery include erlotinib, cisplatin, docetaxel and capecitabine (Vincent et al., 2011). There is
a significantly better survival rate for patients who present with locally advanced PDAC, with
a median survival rate of 9-15 months compared to 3-6 months in patients with metastatic
disease (Vincent et al., 2011).

1.1.4.3.Treatment of metastatic disease
Since treatment of PDAC is dependent on the stage of the cancer, approximately 80 % of

PDAC patients can only be offered chemotherapy due to the late clinical diagnosis and the
advanced stage of the disease (Song et al., 2016; Torres & Grippo, 2018).

Gemcitabine and cisplatin are the most common first line chemotherapies used in PDAC
treatment. Other widely used chemotherapeutic agents include 5- Fluorouracil and Folfirinox
(Adamska et al., 2017). These chemotherapies induce a partial response in some cases and
can alleviate symptoms in patients with advanced tumours (Rothenburg et al., 1996; Burris et
al., 1997; Storniolo et al., 1999; Vincent et al., 2011). However chemo-resistance is common
to Gemcitabine treatment alone or in combination with other chemotherapeutics (Michl &
Gress, 2013; Song et al., 2016; Adamska et al., 2017). Hence the discovery of novel anti-

PDAC therapies and reliable molecular tools for treatment selection in PDAC are needed.



Figure 1.3. Therapeutic options of the different stages of PDAC. Flow chart summarizing the
different treatment strategies for PDAC cases (Adamska et al., 2017). CT: computerized topography, BRPC:
Borderline resectable pancreatic cancer.

1.2. Hallmarks of Cancer
For a tumour to survive, certain ‘hallmarks’ need to be achieved. These hallmarks of cancer

were first published in the year 2000 by Hanahan and Weinberg, however due to the

advancements made in malignant diseases, these hallmarks have since been amended. The

cancer hallmarks provide an organizational framework of the cellular properties that are
undergone during the phenotypic transformation of cancerous cells. This further provides a
scaffold for which conventional therapy is targeted to prevent these cellular and phenotypic
alterations from occurring.

1.2.1. Sustaining Proliferative Signalling
The proliferation of normal cells rely on the presence of mitogenic growth signals for their

progression from a quiescent to an active proliferative state (Hanahan et al., 2000). These
growth signals provide the stimulus for the progression of cells through the cell cycle to
undergo mitosis. This is a highly regulated signal transduction process which involves the
signal binding to extracellular cell surface receptor and the proliferative signal being
translated intracellularly. Tumorigenic cells possess the ability to stimulate autocrine

proliferative signalling by producing its own growth stimuli to allow for the cancerous cells
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to progress without restriction (Hanahan et al., 2000; Hanahan & Weinberg 2011). Cancerous
cells also rely on cell-cell contact mechanisms for paracrine signalling with neighbouring
malignant cells, this further enhances the progression and survival of malignancies. Other
mechanisms involve the manipulation of the tumour microenvironment and disruption of
negative-feedback mechanisms that attenuate proliferative signalling (Hanahan et al., 2000;
Hanahan & Weinberg 2011).

In PDAC, there is an over-expression of several growth factor receptor pathways such as the
epidermal growth factor (EGF) receptor and transforming growth factor-alpha (TGF-a). The
overexpression of EGF has been reported in over 80 % of all PDAC cases and is associated
with an aggressive phenotype and poor prognosis (Welsch et al., 2007; Baxevanos &
Fountzilas, 2017). The progression of PDAC is also promoted by other growth factors
belonging to the insulin-like growth factor (IGF) receptor system, which are overexpressed in
over 60 % of all PDAC cases, and the fibroblast growth factor (FGF) receptor families
(Welsch et al., 2007).

1.2.2. Evading growth suppressors
In normal tissues, multiple anti-proliferative signals exist to maintain homeostasis. These

anti-proliferative signals may inhibit proliferation by forcing cells out of the proliferative
cycle into the quiescent state (Alberts et al., 2015). Alternatively, cells are forced into a post-
mitotic state that disables its proliferative potential (i.e. in cells which are fully differentiated)
(Hanahan et al., 2000). This is usually achieved through the transforming growth factor-beta
(TGF-B) cascade, which is a negative regulator of cellular proliferation (Welsch et al., 2007).
Cancer cells evade these mechanisms through the presence of oncogenes which allow for the
disruption of regulatory processes in the cell cycle that inhibit the uncontrolled proliferation
of cells. Although TGF-p isoforms are overexpressed in PDAC, a mutation to the Smad4
gene make the cancer cells insensitive to this anti-growth signal transmission (Welsch et al.,
2007).

1.2.3. Enabling infinite replicative potential
A limit exists to the number of times non-cancerous cells can divide before senescence; this

is known as the Hayflick limit. In mammalian cells the Hayflick limit is at about 60-70
replicative cycles (Shay & Wright, 2000). Cancerous cells avoid senescence and achieve
immortalization by disrupting retinoblastoma (RB)-associated and tumour protein 53 (TP53)
tumour suppressor. While senescence in normal cells is associated with the progressive

shortening of telomeres on the chromosomes of cells, the telomeres in tumour cells remain



intact. Telomerase is an enzyme that is associated with maintenance of telomeres, and
increased telomerase expression in pancreatic juices has been associated with PDAC (Welsch
et al., 2007).

1.2.4. Genome instability and mutation
Due to cancer being a micro-evolutionary process, the presence of mutations in the cancer

genome introduces heterogeneity or ‘variation’ to the tumour cell population (Collisson &
Maitra, 2017). The evolutionary process of Natural Selection favours populations with
variation or heterogeneity and thus allows for that population’s survival. Cancerous cells
arise through the accumulation of mutations that in a normal cell’s genome, this allows for
genome instability and introducing heterogeneity within the cell microenvironment (Raphael
et al. 2017). According to the process of natural selection, this variability in the gene pool is
favoured thereby promoting tumour survival and progression. In PDAC, several gene
mutations have been reported, with over 60 % of PDAC cases reporting mutations in k-ras,
Smad4 and TP53 genes (Raphael et al., 2017).

1.2.5. Angiogenesis
Angiogenesis refers to the development of new blood vessels. In normal tissues, blood

vessels are a source of nutrient transport and delivery to ensure cell survival. For tumour cells
to grow, a tumour must recruit a network of new blood vessels. This is regulated by the
balance of pro- and anti-angiogenic molecules. In cancer, the establishment of new blood
vessels is not only essential for tumour growth, but it has also been implicated in the initial
progression from a pre-malignant lesion to a fully invasive cancer (Alberts et al., 2015;
Feitelson et al., 2015).

A positive correlation has been observed between blood vessel density and the progression of
PDAC. Moreover, the hypoxic conditions in the PDAC microenvironment further enhance

vascular endothelial growth factor (VEGF)-mediated angiogenesis (Welsch et al., 2007).

1.2.6. Inflammation and immune evasion
Most solid malignancies trigger an intrinsic inflammatory response which aids in the pro-

tumorigenic microenvironment. The infiltration of immune cells such as lymphocytes,
macrophages and neutrophils are associated with an inflammatory response. While the influx
of immune cells is expected to initiate the process of immune surveillance and the elimination
of malignant cells, the high influx of immune cells secrete several growth stimuli such as
chemokines, cytokines and growth factors which further promotes tumour survival (Hanahan
& Weinberg, 2011; Artacho-corddn et al., 2012).



Other immune cells such as natural killer (NK) cells and dendritic cells may also be found in
the stroma of tumours, however they are unable to exert their tumour-killing functions due to
the release of signalling molecules by the tumour. One such molecule is TGF-B which may
contribute to the immune cell’s altered phenotype (Artacho-cordon et al., 2012; Balkwill &

Hagemann, 2012). This may be a key factor in cancer metastasis and disease progression.

The insulin-like growth factor (IGF) axis, which consists of insulin-like growth factors 1 and
2 (IGF-1, IGF-2), IGF binding proteins (IGFBPs) and IGFBP-related proteins are known to
be associated in the inflammatory process. In PDAC, elevated levels of inflammatory
proteins such as interleukins are strongly associated with IGF-1 levels. The pro-inflammatory
cytokines increase the hepatic production of IGFBP-1 to cause an increase in IGF-1. This, in
turn, stimulates the production of cytokines by monocytes and macrophages in the tumour

microenvironment (Wlodarczyk et al., 2018).

1.2.7. Metabolic rewiring
Cancer cells can reprogram their glucose production activity from aerobic to anaerobic

conditions, thereby favouring glycolysis over subsequent energy pathways. Thus, less
pyruvate being dispatched to the oxygen-consuming mitochondria. The hypoxic environment
of tumours causes the stabilization of the hypoxia-inducible factor-1 (HIF-1) transcription
factor, this leads to the cancerous cells overcoming nutrient and oxygen deprivation. This
metabolic switch to glycolytic energy production has been implicated in the activation of
autophagy (Eskelinen, 2011; Frentzel et al., 2017).

Autophagy is a catabolic process which can act between cell survival and cell death
mechanism, depending on the needs of the cell (Gozuacik & Kimchi, 2004; Sharma et al.,
2014). High levels of autophagic cell survival have been observed in PDAC. The increased
autophagic flux is thought to be associated with the high expression of HIF-1 and the
metabolic rewiring that occurs due to HIF-1 expression (Yang et al., 2011; Valle et al.,
2018).

1.2.8. Invasion and metastasis
Metastasis refers to the ability of malignant cells to secede from the primary tissue site and

invade adjacent tissues to establish new colonies. For this to occur, cancer cells need to
acquire migratory and invasive properties which involves loss of many of its epithelial
characteristics to mesenchymal traits. This is known as epithelial-to-mesenchymal transition
(EMT) (Houg & Bijlsma 2018; Valle et al., 2018). This process involves transcription factors
such as Snail, Slug, zinc finger E-box binding homeobox 1 (Zebl) and Twist. Alterations in
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several proteins belonging to the cell-cell adhesion molecules (CAMs), extracellular
proteases and cadherin and integrin families have been implicated in the EMT induction of
cells (Houg & Bijlsma 2018; Valle et al., 2018). To allow for invasion into the nearby
stroma degradation of matrix components by matrix metalloproteinases (MMPs) are
necessary (Welsch et al., 2007).These molecular alterations are further aided by chemokines
and signalling molecules secreted in the tumour microenvironment, inflammation,
angiogenesis and platelet activity (Meikle et al., 2017; Houg & Bijlsma 2018; Valle et al.,
2018).

The switch from E-cadherin to N-cadherin is an essential feature that has been observed in
the epithelial tumour progression. Furthermore, IGF-1 receptor (IGF-1R) signalling has been
implicated in EMT-mediated tumour metastasis and drug resistance (Li et al., 2017). In
PDAC, a reduced expression of E-cadherin has been correlated with its dedifferentiation to a

mesenchymal-like phenotype (Welsch et al., 2007).

1.2.9. Evasion of apoptosis
Apoptosis is a form of programmed cell death that is highly regulated with several triggers

and pathways. This mechanism of cell death is essential in maintaining homeostasis. For
conservation of homeostasis, the apoptotic programme is antagonized by survival factors
including IGF-1, IGF-2 and interleukin-3 (IL-3) (Hanahan et al., 2000; Welsch et al., 2007;
Hanahan & Weinberg 2011).

Resistance to apoptosis in PDAC is a result of various disturbances to apoptotic machinery.
Studies have found that PDAC cells are resistant to pro-apoptotic signals, as well as the

upregulation of anti-apoptotic proteins belonging to the Bcl-2 family (Welsch et al., 2007).
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Figure 1.4: The Hallmarks of Cancer as described by Hanahan et al., 2011. A summary of
the cancer hallmarks and enabling characteristics that allow for tumour progression.

1.3. Signal Transduction
A constant communication exists between cells and their environment to maintain

homeostasis in important biological processes such as cell proliferation, differentiation, cell
motility, survival, and apoptosis. Cells are highly sensitive to changes in the internal and
external microenvironment, thus the communication network is highly regulated (Bianco et
al., 2006; Alberts et al., 2015). Signals are typically acquired through direct communication
between cells by cell adhesion molecules (CAMs) and an indirect communication network
through signals that are transmitted by ligand-activated cell-surface receptor tyrosine kinases
(RTKs) and non-receptor tyrosine kinases. These signalling molecules include growth
factors, hormones, neurotransmitters, chemokines, and cytokines which activate secondary
messengers in the cell’s cytoplasm. This enables the cells to amplify and integrate the signal

to solicit a cellular response (Alberts et al., 2015; Feitelson et al., 2015). Overall, this process
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is referred to as signal transduction. Signal transduction relies on the complex network and

association of molecules to form signalling pathways.

1.3.1. Signalling pathways in PDAC
Due to the poor prognosis of PDAC and lack of effective treatment regimes, research focus

has shifted to the characterisation of molecular alterations that contribute to the disease
progression. Similar to other cancers, dysregulation exists in the growth factors and growth
factor receptors which play a pivotal role in the pathogenesis and aggressiveness of PDAC
(Oliveira-Cunha et al., 2011).

1.3.1.1.Epidermal Growth Factor Receptor (EGFR) pathway
The epidermal growth factor receptor (EGFR) is a receptor tyrosine kinase of the human

epidermal receptor (HER2/ERB-B) family that is activated following the binding of peptide
growth factors such as EGF and TGF-a (Nandy & Mukhopadhyay, 2011; Oliveira-Cunha,
Newman & Siriwardena, 2011). The binding of ligands to EGFR results in homo- or
heterodimerization of the receptor, this results in a phosphorylation cascade to recruit
signalling molecules. The EGFR family forms part of a complex signal transduction network,
where the binding of peptide growth factors allows for the activation of downstream
signalling cascades to promote cellular proliferation, angiogenesis and cell migration
(YYarden, 2001; Oliveira-Cunha et al., 2011). EGFR signalling indirectly activates the
phosphatidylinositol-3 kinase (P13K) pathway through its interaction with the downstream
Ras/mitogen activated protein kinase (MAPK) signalling cascade (Bianco et al., 2006;
Oliveira-Cunha et al., 2011; Nandy & Mukhopadhyay, 2011).

In several epithelial tumours, including pancreatic, breast and non-small cell lung cancer
(NSCLC), the EGFR pathway is aberrantly activated (Oliveira-Cunha et al., 2011). In PDAC,
over 80 % of all cases are associated with EGFR is overexpression or have acquired gain-of-
function mutations which allow for the manipulation and over-stimulation of downstream
signalling. The overexpression of EGFR and its ligands suggests an opportunity to impede
pancreatic tumour growth through the disruption of the autocrine loop of mitogenic signalling
contributing to the pathogenesis of pancreatic neoplasia (Baxevanos & Fountzilas, 2017).

EGFR over-expression is often associated with PDAC aggressiveness.

Several therapeutic agents such as specific antibodies, flavonoid antioxidants and low
molecular weight EGFR-specific tyrosine kinase inhibitors have been designed to disrupt the
EGFR signalling pathway (Oliveira-Cunha et al., 2011; Yewale et al., 2013). Tyrosine kinase
inhibitors (TKIs) are the most common therapy used to treat cancers harbouring the EGFR
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mutation or aberrant activation of EGFR. In cancers such as NSCLC, inhibition of this
pathway has proven to be beneficial in increasing overall patient survival, however, inhibition
of EGFR in pancreatic cancer has not been as successful (Marchetti et al., 2005; Arnold et
al., 2006; Moore et al., 2007; Hu et al., 2016).

Clinical trials showed that a combination of EGFR targeted therapy and Gemcitabine
increased sensitivity of the tumours to therapy, albeit not significantly (Moore et al., 2007).
This suggests a major role of the EGFR signalling pathway in the growth and progression of
the disease. Moreover, in vitro studies have showed the role of EGFR in promoting cellular
proliferation, evasion of apoptosis and in the induction of autophagic cell survival
mechanisms (Oliveira-Cunha et al., 2011; Nijkamp et al., 2013; Park et al., 2015). However,
in clinical trials, inhibition of the EGFR signalling pathway has not been successful in
increasing overall patient survival. Thereby suggesting that the tumour microenvironment

and other signalling pathways may act as a bypass cell survival pathway in vivo.

The aetiology of resistance to TKIs can be attributed to the aberrated activation of bypass
signalling pathways, secondary mutations and abnormal downstream pathways that exist in
patients with PDAC.

1.3.1.2.Insulin-like Growth Factor Receptor (IGFR) pathway
During carcinogenesis, the presence of more than one growth factor would be expected to

potentiate growth, thus multiple mitogenic signalling pathways are upregulated in cancerous
cells. Therefore, the combination of multiple targeted therapies would be expected to improve
overall patient survival than the use of one therapy alone. In pancreatic cancer, several
dysregulated cytokine and protein profiles were found to act independently of the EGFR
pathway, several of which directly or indirectly interacts with the insulin-like growth factor
(IGF) pathway. Moreover, growth factors, including EGF and platelet-derived growth factor
(PDGF), are known to increase levels of circulating insulin-like growth factors. Previous
studies using NSCLC and breast cancer cells, have suggested that an abnormality in the
insulin-like growth factor receptor (IGFR) pathway may represent a novel mechanism of
resistance to anti-EGFR therapy, whereby researchers have found an association between
tumour cells treated with EGFR-TKIs, and an increased activation of IGF-1 receptor (IGF-
1R) signalling (Yewale et al., 2013; Huang & Fu, 2015).

The IGF-1R is a type 2 tyrosine kinase receptor, found as a heterotetramer and consisting of
two-alpha and two beta-subunits. Unlike other growth factor pathways, IGF-1R activity is
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highly regulated and dependent on ligand binding where overexpression of the receptor itself
is not sufficient to result in receptor activation (Moschos & Mantzoros, 2002; Barbieri et al.,
2003; Heidegger et al., 2011). Therefore, clinical data analysing IGF-1R expression alone
may be insufficient to draw conclusions on the activity of the signalling cascade found

downstream of the receptor.

The intrinsic tyrosine kinase of the cytoplasmic domain of IGF-1R is activated by the
conformational change in receptor subunits caused by ligand-binding. The role of the IGF-1R
signalling cascade involves the interplay between the downstream Ras/MAPK cascade which
promotes cell growth and proliferation (Casa et al., 2008; Nandy & Mukhopadhyay 2011;
Trajkovic-Arsic et al., 2013). Additionally, the IGF-1 pathway can provide resistance to
apoptotic processes through the activation of the PI3K and Akt cascades. PI3K/Akt signalling
can promote cell survival through the phosphorylation and inactivation of the pro-apoptotic
protein B-cell lymphoma associated agonist of death (BAD) (Cejas et al., 2003; Casa et al.,
2008). In addition, IGF signalling has been shown to promote cell motility through PI3K,
MAPK and extracellular-signal-regulated kinase (ERK) signalling (Casa et al., 2008;
Trajkovic-Arsic et al., 2013). Thus, overexpression of the IGF-1R signalling pathway in

cancers contribute to tumour survival and progression.

Overexpression of IGF-1 and IGF-1R has been reported in pancreatic cancer cell lines and in
cancerous human pancreatic tissues (Hakam et al., 2003). While elevated levels of IGF-1 has
been implicated in tumour progression in breast, colon and prostate cancers, its role in PDAC
is not completely understood (Nandy & Mukhopadhyay, 2011; Skandalis et al., 2014;
Wilodarczyk et al., 2018).

Clinical trials using a combination of Gemcitabine and IGF-1R blocking antibodies on PDAC
patients have shown an increase in overall patient survival (McCaffery et al., 2013; Abdel-
Wahab et al., 2018).
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Figure 1.5: The interaction of IGF-1R and its major downstream signalling cascades.
(Wlodarczyk et al., 2018).

1.3.1.3.Potential crosstalk between the EGFR and IGF-1R pathways in PDAC
A crosstalk between the EGFR and IGF-1R signalling pathways have been reported in

several cancers, where the crosstalk can involve components that are common between both
pathways, as well as positive and negative feedback loops. The interaction between the
EGFR and IGF-1R pathways occurs in the cross-interaction between several downstream
molecules which eventually converge into the Ras/Raf/MAPK and PI3K/Akt cascades.

IGF-1R signalling is considered an important mechanism of resistance to anti-EGFR therapy
in several tumours including NSCLC and breast tumours (Renoir et al., 2013; Huang & Fu,
2015). Resistance to EGFR is due to the activation of the PI3K/Akt signalling cascade by
IGF-1R signalling in these tumours. The role of IGF-1R signalling as a mechanism of
resistance to anti-EGFR therapies has not been thoroughly explored in PDAC. While it is
understood that IGF-1R and IGF-1 is overexpressed in some PDAC cases, the role of this
signalling cascade in PDAC is not completely understood.
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Figure 1.6: The role of EGFR and IGFR in cancer progression. The crosstalk of EGFR and
IGFR via downstream signalling cascades occurs primarily through the PI3K/Akt signalling
(Skandalis et al., 2014).

1.4. Study Rationale
Some genetic alterations in common mitogenic pathways have been clinically investigated in

PDAC patients using chemical inhibitors and antibodies (Maitra & Hruban, 2008; Mihaljevic
et al., 2009; Torres & Grippo, 2018). Clinical trials aimed at using combination therapy aimed
at inhibition of the EGFR and IGFR pathways with chemotherapy found that groups treated
with IGFR inhibitors in addition to EGFR inhibitors resulted in no change in patient
progression-free survival when compared to patients treated with a combination of EGFR
inhibitors and chemotherapy (Abdel-wahab et al., 2018). However, combination therapy with
the IGFR inhibitor resulted in an improvement in overall-patient survival, thereby suggesting
a role for the IGFR pathway in contributing to PDAC progression. A possible explanation for
the poor outcome in several clinical trials may be attributed to the genetic and epigenetic
heterogeneity which exists in all tumours, whereby an as yet to be discovered resistance
mechanism may be attributed to the molecular interactions within individuals. Additionally,
the role of the IGF-1R pathway in PDAC tumours is not completely understood. Thus, there is

a need for further preclinical research.
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Despite perceived improvements in chemotherapeutic and biological agent strategies, the
prognosis of advanced PDAC remains dismal (Hanna & Greenhalf, 2017; Torres & Grippo,
2018). To develop new therapeutic strategies for PDAC, the identification of molecular
markers to individualise therapy for PDAC patients is required. However, in PDAC there is
insufficient data to adequately describe the molecular characterization, phenotype and specific
biomarkers that exist within different stages of the disease. Thus, the investigation of the IGF-
1R signalling pathway and its downstream targets in PDAC cells representing different disease
stages may be beneficial in understanding the mechanisms of resistance and provide data for
developing novel, multi-targeting drug therapies.
1.5.Aim:
To characterise the expression of the IGF-1R signalling pathway in an in vitro model

representing different stages of PDAC tumorigenesis.

1.6.0bjectives:
1) To culture pancreatic derived cell lines from both early and metastatic stages

of PDAC and compare this to normal pancreatic ductal cells.

2) To determine the baseline phenotypic characteristics of the different PDAC
cell lines which are representative of the different stages of the disease, using
proliferation, migration, and apoptosis assays.

3) To investigate the phenotypic changes associated with the different PDAC cell
lines after treatment with IGF-1R inhibitors. The proliferative, migratory, and
apoptotic responses of the PDAC cells were assessed using WST-1 assay,

wound-healing assay and an Annexin V ELISA, respectively.
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CHAPTER 2: METHODOLOGY

2.1 Cell lines and cell maintenance

2.1.1. Cell lines
The following cell lines were used within this study:

Human Pancreatic Ductal Epithelial Cell (HPDE): An adherent human epithelial cell
line derived from a non-diseased pancreatic duct. HPDE cells were described as
having an ‘almost normal’ genotype and phenotype (Liu et al., 2019). As such this
cell line was used as a control cell line, representing normal pancreatic ductal cells.
PANC-1: An adherent human epithelial cell line derived from the head of a pancreatic
ductal tumour of a 56-year-old Caucasian male. This cell line has a doubling time of
52-hours and has a mixed population of epithelial and mesenchymal cells. PANC-1
cells have a K-Ras mutation at codon 12 Asp and is known to express EMT marker
Vimentin (Moore et al., 2001; Sipos et al., 2003). This cell line is representative of an
early stage of PDAC.

Mia PaCa-2: An adherent PDAC cell line that was derived from the poorly
differentiated tumour of a 65-year-old Caucasian male and has mesenchymal-like
morphology. The doubling time of Mia PaCa-2 cells ranges between 18-48 hours
(Sipos et al., 2003; Wong, 2015). A K-Ras mutation in codon 12 Cys has been
reported (Moore et al., 2001; Sipos et al., 2003). This cell line represents an
intermediate stage of PDAC.

CF PAC-1: An adherent, well-differentiated human epithelial PDAC cell line derived
from the metastatic tumour of a 26-year-old Caucasian male. This cell line has a K-
Ras mutation at codon 12 Val (Moore et al., 2001). It represents a metastatic stage of
PDAC.

2.1.2. Cell culture and cell maintenance

HPDE cells were grown in keratinocyte serum free medium (KSFM) supplemented
with bovine pituitary extract and epidermal growth factor (EGF) (Thermo Scientific,
MA, USA, 17005075) and 1 % penicillin/ streptomycin (v/v) (Sigma-Aldrich, St
Louis Missouri, USA, P4458).

PANC-1 cells were grown in Dulbecco’s modified eagle medium (DMEM) (Sigma-
Aldrich, BE12-604F), 10 % foetal bovine serum (FBS) (Thermo Scientific,
10493106), and 1 % penicillin/streptomycin (v/v).
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e Mia PaCa-2 cells were grown in DMEM, 10 % FBS, 5 % horse serum (Celtic,
S091G-500) and 1 % penicillin/streptomycin.

e CF PAC-1 cells were cultured in Iscove’s modified Dulbecco’s medium (Lonza,
L0O190-500) supplemented with 10 % FBS and 1 % penicillin/streptomycin.

All cell lines were cultured under aseptic conditions, under an ESCO Airstream® Gen 2
Laminar Flow unit. The cells were maintained in a HERAcell 150i humidified incubator
(Thermo Scientific, 02451) at a temperature of 37 °C and 5 % CO until they reached a
confluency of 70-90 %.

Cells were routinely subcultured when the cells reached a confluency of 70-90 %, cells were
detached using 0.25 % Trypsin- 0.53 mM ethylenediametetraacetic acid (EDTA) (Thermo
Scientific, 25200072) for 5-10 minutes. Matched volumes of the appropriate growth medium
were added to each culture flask to neutralize the reaction. The resulting cell-media
suspension was centrifuged in a Rotafix 32A centrifuge (Labotech, South Africa) for 5
minutes and the cell pellet was aspirated in 1 ml fresh media. Cells were then split ina 1:2

ratio.

Cells that were not to be used for immediate experimentation were resuspended in
cryopreservation medium — 60 % FBS, 30 % growth medium and 10 % dimethyl sulfoxide
(DMSO) (Sigma-Aldrich, 186500) and stored at -80 °C or in liquid nitrogen.

2.1.3_ Modulation of IGF-1R signalling
IGF-1R signalling was modulated using Recombinant Human IGF-1/IGF-1 (R&D systems.

291-G1), NVP-AEW541 (Sigma-Aldrich, SML1973-5mg) and Picropodophyllotoxin (PPP)
(Sigma-Aldrich, T9576-1mg). IGF-1 was used as a stimulatory compound of IGF-1R, and
NVP-AEW541 and Picropodophyllotoxin were both used as inhibitors of IGF-1R. The

optimal concentration for each cell line and inhibitors was calculated using ICsg. The IGF-1

concentration was chosen based on manufacturer’s guidelines, and a standard concentration
was maintained across all cell lines.

2.1.3.1. NVP-AEW541

The receptor tyrosine kinase (RTK) inhibitor, NVP-AEW541 is a highly sensitised IGF-1R

kinase inhibitor that can differentiate and selectively bind to IGF-1R and not the insulin

receptor (Garcia-Echeverria et al., 2004). NVP-AEW541 is classified a pyrrolopyrimidine
derivative and an adenosine triphosphate (ATP) receptor antagonist. Therefore, the NVP-
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AEWS541 drug inhibits the activity of the IGF-1R by blocking the binding of the associated
ATP molecules, thereby inhibiting the efficacy of the IGF-1R.

In an in vivo mouse model of pancreatic cancer, it was shown that NVP-AEW541 disrupted
signal transduction involved in IGF/IGF-1R signalling, leading to a decrease in tumour cell
growth and decreased migratory ability of the pancreatic cancer cells (Wong et al., 2014;
Blasco et al., 2019).

2.1.3.2._Picropodophyllotoxin (PPP)
Picropodophyllotoxin is a cyclolignan that inhibits the phosphorylation of the IGF-1R

tyrosine. Picropodophyllotoxin functions in a non-ATP antagonistic manner. It is known to
mediate anticancer functions as well as induce G.-M cell cycle arrest even in IGF-1R
deficient cells (Linder et al., 2007). It inhibits tumour growth rates through the activation of
apoptosis in these cells. It is commonly used in in vitro studies of melanomas, breast cancer
and leukaemia, where it was shown that the inhibitor preferentially affects the PISK/AKkt
signalling cascade downstream of the IGF-1R (Teicher 2003; Vasilcanu et al., 2004).

In pancreatic cancer, it was found that Picropodophyllotoxin significantly inhibits

proliferation, and motility in the PANC-1 and Mia PaCa-2 cell lines (Tomizawa et al., 2010)

2.1.3.3._.Drug preparation
IGF-1 was initially dissolved in 1 ml of 0.1 % bovine serum albumin (BSA) (Appendix B).

The NVP-AEW541 and Picropodophyllotoxin inhibitors were initially dissolved in 5 ml and
4 ml of DMSO, respectively. To obtain the desired 1Cso concentrations, the inhibitors were
further diluted in the specified growth medium for each cell line. The final concentration of
DMSO in working solution was 0.03 % and BSA was 0.01 %. As such, the concentrations
used for the DMSO and BSA diluent controls were 0.03 % and 0.01% respectively.

2.2. 1Cs
Different concentrations of NVVP-AEW541 and PPP were tested in each cell line to determine

the ICso values.

The HPDE, PANC-1, Mia PaCa-2 and CF PAC-1 cells were cultured under normal cell
culture conditions. Once the cells reached 50 % confluency, the cells were washed twice with
phosphate buffered saline (PBS) and treated with 200 pl of each drug solution.
Concentrations of NVP-AEWS541 were tested between 0.2 uM to 5 uM, and
Picropodophyllotoxin concentrations were tested at a range of between 1 uM-5 uM. The

PDAC cultures were incubated for a further 72 hours. After the 72-hour incubation cells were
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trypsinized and the number of viable cells in each well were counted using a TC20™
Automated Cell Counter (BioRad, Hercules, California, USA, 145-0101).

2.2.1. Analysis
A comparison was made on the different ways to deduce 1Cso values. Therefore, the data

obtained was plotted as line graphs on Microsoft excel, and the concentrations extrapolated
from the graphs. Alternatively, the raw 1Cso data concentrations were log transformed and the
percentage cell viability was unchanged. Graphs were plotted using the log transformed
concentrations (x-axis) and percentage cell viability (y-axis) on GraphPad Prism VV4.3. The
software automatically generates LogICso and 1Cso values using the four-parameter logarithm
(4PL) method. Additionally, 1Cso values were obtained from literature and from

manufacturer’s information for a thorough comparison of the ICso values.

2.3._Assessment of cell proliferation
Cell proliferation and viability is often measured by means of colorimetric assays. These

assays can be used to measure cell proliferation in response to growth factors, cytokines,
mitogens, and cytotoxic compounds such as anti-cancer therapies and signalling pathway

modulators.

2.3.1. Water Soluble Tetrazolium Salts (WST)-1 Assay
The WST-1 cell proliferation kit (Sigma-Aldrich, 5015944001) was used. The assay is based

on the cleavage of the water-soluble tetrazolium salt to formazan by cellular mitochondrial

dehydrogenases. As the number of proliferating cells increases, the mitochondrial
dehydrogenase activity is increased which increases the amount of formazan dye formed.
Thus, the amount of formazan dye formed is directly proportional to proliferating cells.

Table 2.1 Seeding densities of each PDAC cell line in 96-well plates

Cell line Seeding Density
HPDE 5 x 10* cells/well
PANC-1 2.5 x 10* cells/well
Mia Paca-2 2.5 x 10* cells/well
CF PAC-1 2.5 x 10* cells/well
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Cells were cultured under normal culture conditions. The cells were seeded in 96-well plates
at seeding densities described in Table 2.1. The seeding densities were optimized depending
on the growth rate of the cell lines, so that following 24 hours the cells reached at least 50 %
confluency to allow for treatment of the cells. The cells were incubated for 24 hours in a
humidified incubator to allow for attachment of the cells to the plate surface. The cells were
washed twice with PBS and treated with 100 ul of either DMSO, BSA, IGF-1, NVP-
AEWS541 or Picropodophyllotoxin diluted in the normal growth medium, for the respective
cell lines, and incubated for 72 hours under standard cell culture conditions.

At hour 70 of incubation, 10 ul of the WST-1/ electrocoupling solution (ECS) was added to
each well. The cells with the WST-1 solution were incubated for a further 2 hours before

absorbance could be measured.

2.3.1.2. Analysis
The absorbance of the treated and untreated samples was measured using a BioTek 800TS

microtiter plate reader with Gen5 software at a wavelength of 420 nm with a reference
wavelength of 620 nm. Data was sorted in Microsoft Excel 2016. Graphs were generated

using GraphPad Prism Version 4.1.3.

2.4. Clonogenic Assay
The clonogenic assay, also known as a colony formation assay, is used as a cell survival

assay that is based on the ability of a single cell in a population to grow into a colony. The
assay is used to test every cell in an in vitro population for its ability to undergo unlimited
cell division (Franken et al., 2006).

2.4.1. Crystal Violet Staining
Cells were treated with the pathway modulators for 72 hours, thereafter cells were washed

twice in PBS and trypsinized for 5 minutes. Cells were plated in 6-well plates and were
seeded at densities of 10 000 cells/well for each cell line.

The appropriate growth medium was added to each well and the cells were incubated at 37
°C and 5 % CO, in a humidified incubator for a period of 7-14 days or until the untreated cell
control formed colonies of at least ~50 cells per colony. Cells were washed twice with PBS
and fixed using ice-cold 100 % methanol for 20 minutes. Thereafter, the cell colonies were
stained using 0.5 % crystal violet (w/v) and incubated at room temperature for 2 hours. The
crystal violet stain was washed off in tap water and the plates were air-dried at room

temperature for a few days before imaging.
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2.4.2. 1maging and Analysis
Cells were imaged using the G-box image analyser using GeneSens software. The number of

colonies were counted manually. The graphs were generated using GraphPad Prism version
8.4.3.

2.5. Migration Assay
A scratch or wound-healing assay is often used in in vitro studies to investigate the effects of

biological or therapeutic factors on the migration of cells (Conant et al., 2010). A scratch
assay can be used to monitor the effect of a drug-treatment or biological agent on cell motility
or cell proliferation. Wound-healing assays can also be used to assess molecular activities
such as cell signalling, inflammatory response and tissue remodelling, all of which are
important in tumour progression (Conant et al., 2010).

2.5.1. Scratch Assay
The HPDE, PANC-1, Mia PaCa-2, and CF PAC-1 PDAC cell lines were seeded at a standard

concentration of 100 000 cells/well in 6-well culture plates. The cultures were incubated at 37
°Cina5 % CO2 in air humidified incubator until they had reached 100 % confluence,

approximately 7-10 days following seeding.

On reaching confluence, the wells were washed twice with PBS to reduce cell membrane
adhesion (Buth et al., 2007). The PBS was aspirated, and the surface of the culture wells were
scratched at right angles using a 1000 ul pipette tip. The wells were washed again to remove
all the dislodged cells. Thereafter, 2 ml of IGF-1 treated medium, NVP-AEW541 treated
medium, Picropodophyllotoxin treated medium, untreated control medium or the DMSO or
BSA vehicle control medium were added into the respective wells of the culture plates. The
cells were incubated at 37 °C in a 5 % COz in a humidified incubator with images taken at 24-
hour intervals for the entire 72-hour incubation period. The time immediately after scratching

was designated as “0-hour”.

2.5.2. Imaging and Analysis
Images were taken at each experimental time point using an inverted phase contrast Olympus

IX35 microscope with an attached digital camera. At each time point, t (0, 24, 48 and 72
hours) the area of the wound was measured using the area measurement tool in the ImageJ
software. The area of the inflicted wound was measured in 3 independent experiments. In
addition, the area of each image was measured three times to eliminate the chances of intra-
observer error. For each cell line, the average area measured was used to calculate the

percentage migration at each experimental time point using the 0-hour as the reference point.
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2.6. Quantitative real-time Polymerase Chain Reaction (JQRT-PCR)
Polymerase chain reaction (PCR) is a technique used in molecular biology which allows for

the amplification of specific sequences in a DNA or a complementary DNA (cDNA)
template. While conventional PCR quantifies expression of the amplified product at the end
of the reaction, real-time quantitative PCR measures the PCR product at the exponential-
amplification phase of each cycle. This allows for more precision when determining the
initial quantity of a target or gene. The quantification of the amplified product is attained
using fluorescent dyes and real-time PCR instruments that measure the fluorescence while the
sample is being amplified.

2.7.1. Primer design

Primers are short complementary sequences of nucleotides which bind to a specific region of
DNA to be amplified in PCR. Primers were designed and synthesized using the PrimerQuest
Tool on the Integrated DNA Technologies (IDT) website
(https://eu.idtdna.com/Primerquest/Home/Index) and the primer design and conditions were

checked using the Oligo Analysis Tool on the Eurofins genomics website

(https://www.eurofinsgenomics.eu/en/dna-rna-oligonucleotides/oligo-tools/oligo-analysis-

tool/). The genes were selected on the basis that they are known to be transcriptionally

regulated genes.

The target gene names, descriptions and sequences of the primers that were used are detailed
in Table 2.2.
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Table 2.2 Primer sequences and descriptions of the transcriptionally regulated genes chosen in this study

Gene Name Description Forward Sequence Reverse Sequence
IGF1IR 5’-ATT CCA GCAGTC CCAGTT ATG-3’ 5’-CTG CTT AGC CCA GGA AAT GA-3°
MYC Cell cycle progression, 5’-CTG TAG CCACGC AGATAATACA-3* | 5-CAGCACATT AGACCCAGATGAA-3
apoptosis and cellular
transformation.
PI3BKCA Survival 5’-CAG CAG CCT TCA ACA AAG ATG-3’ 5’- CCA GCA CAG GAC AGT GTA AA-3’
AKT3 Survival, autophagy 5’-TCT GCA AGT GGA CGA GAA TAA G-3° | 5’-AGA GCT AGG ACT GGT GAT GT-3’
FOXO01 regulates different processes 5’-TGG GCA GGA AAG TGA TGT ATA G-3 | 5>-TGC AGT ACG CAT AGT TCA GTA G-3’
such as apoptosis and
autophagy
SNAI1 Migration 5’-CAG CTATTT CAG CCT CCT GTT-3’ 5’-CCG ACA AGT GAC AGC CAT TA-3’
VIM Migration 5’-GAT TCACTC CCT CTG GTT GAT AC-3> | 5>-GTC ATC GTG ATG CTG AGA AGT-3’
BCL2 Anti-apoptotic 5’-GGC CAG GGT CAG AGT TAAATAG-3* | 5>-GGA GGT TCT CAG ATG TTC TTC TC-3’
BAX Pro-apoptotic 5-TTC CTT ACG TGT CTG ATC AAT CC-3’ | 5’-GGG CAG AAG GCA CTA ATC AA-3’
RPLPO Reference Gene 5’-GCT GAT CCATCT GCC TTT GT-3’ 5-TCT TCC TTG GCT TCAACC TTAG-3’
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2.7.2. RNA extraction
RNA was extracted from cultures using the Qiagen RNeasy Mini Kit. Cells were trypsinized

following a 72-hour treatment period and centrifuged at 25 200 x g for 5 minutes and
resuspended in 350 pl Buffer RLT with 1:100 B-mercapoethanol (B-ME). Thereafter, 350 pl
of 70 % ethanol was added to the lysate and was mixed gently by pipetting. This Buffer RLT
and ethanol suspension of the sample (700 ul) was transferred to a RNeasy Mini spin column
placed in a 2 ml collection tube and centrifuged for 15 seconds at 8000 x g. The flow-through
was discarded and 350 pl of the Buffer RW1 was added to the RNeasy spin column. This was
centrifuged for 15 seconds at 8000 x g and the flow-through discarded. On column DNase
digestion was performed by adding 10 ul of DNase I incubation mix (Appendix B) to the
column membrane and left at room temperature for 15 minutes. Buffer RW1 was added again
to the column, centrifuged for 15 seconds at 8000 x g and the flow-through discarded. Then,
500 ul Buffer RPE was added to the column and centrifuged for 5 seconds at 8000 x g and
the flow-through discarded. Another 500 pl Buffer RPE was added to the spin column and
centrifuged for 2 minutes at 8000 x g. The RNA was eluted by placing the RNeasy spin-
column in an unused 1.5 ml collection tube and 30 pul RNase-free water was added to the
column. And the column was centrifuged for 1 minute at 8000 x g.

The concentration of the total RNA in the samples was measured using the Nanodrop
Spectrophotometer (Appendix C, 9.3).

2.7.3 cDNA synthesis
cDNA was synthesised using the High-Capacity cDNA Reverse Transcription Kit (Applied

Biosystems, California, USA). A total concentration of 100 ng/ pl of RNA was used for
experimentation, therefore, RNA concentrations were adjusted accordingly and diluted in
RNase-free water. A 2X Reverse Transcription Master Mix was made on ice using 2.0 pl
10X RT Buffer, 0.8 pl 25X dNTP Mix (100 mM), 2.0 pl 10X RT Random primers, 1.0 pl
MultiScribe Reverse Transcriptase and 4.2 pl Nuclease-free H>O. A 1:1 ratio of the 2X RT
master mix and RNA sample (at a concentration of 100 ng/ul) were added to a 0.2 ml
Eppendorf tube and mixed by pipetting. The samples were briefly spun in a centrifuge tube to
eliminate any air bubbles. A non-reverse transcribed control was used as a control to ensure
no DNA contamination of the samples had occurred. This is a highly sensitive way to
determine the presence of genomic DNA contamination and negates the use of agarose gels
and waste of precious RNA sample. The samples were placed in a MJ Mini Personal Thermal

Cycler (Biorad, California, USA) at the following conditions:
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Table 2.3 Thermal cycler conditions for cDNA synthesis

Step 1

Step 2

Step 3

Step 4

Temperature (°C)

25

37

85

Time

10 min

120 min

1 min

The samples were stored at 4 °C for use for gPCR the following day or at -20 °C until use.

2.7.4. Quantitative Real-Time Polymerase Chain Reaction (QRT-PCR)
The experiments were performed using the following protocol:

A 2.5 pl 1:20 cDNA dilution in RNase-free H>O was added to a qRT-PCR master mix
containing 5 ul SYBR (iTaq™ Universal SYBR® Green Supermix), 2.2 ul H20, 0.2 pl
forward primer (10 uM) and 0.2 pl reverse primer (10 uM). This solution was pipetted in
duplicate into the wells of a white 96-well Piko® PCR Plate (Thermo Scientific™) and the
plate sealed with the Adhesive Sealing Film (Thermo Scientific™). The qRT-PCR was
completed using the PikoReal® Real-Time instrument programmed conditions specified in
Table 2.4.

Table 2.4 Conditions used for qRT-PCR using the PikoReal® Real-Time instrument:

Melt

40 cycles
Curve

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Temperature (°C)

95

95

60

60

60, 95
(0.2°C

increase)

20

Time

10 min

15 sec

1 min

30 sec

1 sec
hold

10 sec

2.7.5. Analysis

The gene expression data was averaged for each gene and standard deviations calculated.

Thereafter the data was analysed using the 222€4 method as outlined by the stipulated MIQE
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guidelines. The data was then log transformed to normalize the data, so that the data were

then expressed as the fold-change relative to the untreated control of each cell line.

These data were then transferred to the GraphPad Prism 8.4.3 software and where bar graphs
and heatmaps were generated to show a comparison of gene expression across all the cell

lines and treatment groups.

2.8. Western Blot Analysis
Western blotting or immunoblotting is a techniqgue commonly used for the identification and

quantification of a specific protein in a complex protein solution. The technique allows for
the indirect detection of proteins immobilized on a nitrocellulose or a Polyvinylidene
difluoride (PVDF) membrane (Wu et al., 2014).

2.8.1. Total protein extraction
Cells were harvested by trypsinization and pelleted by centrifugation and the pellet washed in

PBS. The cell pellet was lysed in radioimmunoprecipitation (RIPA) buffer (Appendix B) and
incubated on ice for 20 minutes (with vortexing at 5 minute intervals). The lysate was
centrifuged (Eppendorf 5402 centrifuge, 4 °C, 20 minutes) and the supernatant stored at —20
°C until required.

2.8.2. Protein Quantification
The concentration of the extracted proteins was determined using the Micro BCA™ Assay

Kit (Thermo Scientific™, Massachusetts, USA) according to the following protocol:

Ten microliters of the bicinchoninic acid (BCA) protein standards (125, 250, 500, 750, 1000
and 2000 pg/ml) and unknown protein samples were individually incubated with 10 pl the
Micro BCA working reagent (25 parts Micro BCA reagent MA, 24 parts Micro BCA reagent
MB and 1 part Micro BCA reagent MC) for 1 hour at 37 °C.

2.8.2.1. Analysis
The absorbance of the standards and unknown samples were measured using a microplate

reader at a wavelength of 562 nm. The concentrations of the protein samples were determined

using extrapolation from the standard curve (Appendix C, 9.4).

2.8.3. Dot Blot
Dot blots were done to determine the optimal concentrations of primary and secondary

antibodies that were used in the Western Blot Analysis.

Briefly, the polvinylidene difluoride (PVVDF) membrane was prepared by laying it on the

surface of 100 % methanol for 15 seconds, to allow for the membrane to uniformly change
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from opaque to semi-transparent. The membrane was then soaked in dH.O for 2 minutes, and
thereafter placed in 1X transfer buffer (Appendix B) for 5 minutes. A stack was prepared as

follows:

Membrane

| Pre-wet filter paper
I - Dy filter paper

Figure 2.1: Experimental set-up for spotting of samples in a dot blot.

When the membrane was wet enough to absorb the sample, but not too wet that the sample
spread across the membrane, approximately 10 pg of the protein sample was spotted on to the
membrane. After the sample was adsorbed, the membrane was allowed to dry at room
temperature. Once dry, the membrane was blocked in 5 % BSA on a shaker at room
temperature for 1 hour. The membrane was then incubated in the primary antibody (Table
2.5.) for 1 hour at room temperature with gentle agitation. The membrane was then washed 3
times for 10 minutes each with PBS-Tween. Thereafter, the membrane was incubated with
the secondary antibody for 1 hour at room temperature on a shaker. Once more, the

membrane was washed 3 times for 10 minutes with PBS-Tween.

The expression of the protein of interest was detected using the SuperSignal® West Pico
Chemiluminescent Substrate (Thermo Scientific™, Massachusetts, USA) mixed ina 1:1
ratio. Images of the resultant bands were captured using the G-box Imager with GeneSens

software.

2.8.4. Electrophoresis

2.5.4.1. Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) to
Resolve Proteins

10 ug of protein was mixed with 6 X loading dye and incubated at 90 °C for 5 minutes.

Following this, the protein samples were electrophoresed at 60 mA for ~2 hours or until the

dye front reached ~1 cm from the bottom of the gel.

2.5.4.2. Transfer of Proteins from Resolved Gel to a Polyvinylidene difluoride (PVVDF)
Membrane

The resolved gel, 0.2 um PVDF membrane (activated in 100 % methanol) and filter paper

were pre-soaked in cold transfer buffer for 5 minutes at room temperature (RT). The gel was

placed above the PVDF membrane and sandwiched between filter paper with the gel facing
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the cathode (Figure 2.2.). The sandwich was placed in the transfer tank filled with cold

transfer buffer and a voltage of 10 V was applied overnight at 4 °C.

ﬁ Cathode
Clear side
1 of cassette
ol  Seenge
@
9 Filter paper
5]
Z Membrane
o Gel
c
g Filter paper
N wewe
Black side
of cassette
!ﬁ Anode

Figure 2.2: Schematic demonstrating the assembly of western blotting equipment for
protein transfer. Protein blotting involves the use of a cassette in which a stack of sponges,
filter paper, gel and PVDF membrane is stacked.

2.8.4.3. Detection and Analysis
After transfer, the PVDF membrane (now containing the proteins transferred from the gel)

was removed from the sandwich and blocked in 5 % BSA in PBS-Tween for 1 hour at RT
with gentle shaking. Following blocking, the membrane was incubated with the appropriate
primary antibody (Table 2.5) (diluted in 5 % BSA in PBS-Tween) overnight at 4 °C with
gentle shaking. The membrane was washed 3 times (10 minutes each) in PBS-Tween at RT
with gentle shaking. Thereafter, the membrane was incubated with the appropriate secondary
antibody (diluted in 5 % BSA in PBS-Tween) for 1 hour at RT with gentle shaking. The

membrane was washed 3 times (10 minutes each) in PBS-Tween at RT with gentle shaking.

The expression of the protein of interest was detected using the SuperSignal® West Pico
Chemiluminescent Substrate (Thermo Scientific™) mixed in a 1:1 ratio. Images of the
resultant bands were captured using the G-box Imager with GeneSens software. The ImageJ

analysis program was used to quantify the resulting band intensities.
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Table 2.5 Primary antibodies used to target proteins involved in the IGF-1R pathway.

Protein of

Interest

Primary Antibody

Rationale for Protein Chosen

Catalogue

no.

p-1GF-1R Beta

Phospho-IGF-1
Receptor 3
(Tyr1135) (DA7AS8)
Rabbit mAb

Since the NVP-AEW541 and
Picropodophyllotoxin block the
phosphorylation of the IGF-1R,

expression of the phosphorylated
protein was included to determine
efficacy of these inhibitors in each

cell line.

CST3024S

IGF-1R

IGF-1 Receptor
Antibody

To determine baseline protein
expression levels of the IGF-1R in
PDAC cells.

CST3027S

MmTOR

MTOR (Ser2448)
(D9C2) Rabbit mAb

MTOR is a protein found
downstream of Akt and is an
important regulator of proliferation
(Hassan et al., 2013).

CST9239S

Akt

Akt Rabbit mAb

A downstream signalling pathway
of IGF-1R. It has been suggested
that elevated levels of Akt may
contribute to the aggressiveness of
late stage and/or metastatic
tumours and is consistently
activated in PDAC (Altomare &
Testa, 2005).

CST4491S

BAD

BAD Antibody

BAD is a protein that is involved in
apoptosis, when phosphorylated
BAD acts as an anti-apoptotic
signal in its dephosphorylated
isoform (She et al., 2005).

CST2939S

Histone H3 (CST4499S) was used as a control for Western Blot analyses.
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Anti-rabbit 1gG horse-radish peroxidase (HRP)-linked antibodies was used as the secondary
antibody for all targets. All antibodies were purchased from Cell Signaling Technology
(Masssachusetts, USA).

2.9. Statistical Analysis
The Statistica Software (TIBCO Inc., Texas) was used for the analysis of all statistical data.

A Shapiro-Wilk normality test was performed to determine whether the data is parametrically
or non-parametrically distributed. Thereafter, the respective analysis of variance analysis
(ANOVA) or Kruskal-Wallis test were used, with the relevant Tukey or Dunn’s non-
parametric comparison post-hoc adjustments to determine the differences that exists within
each group. Student t-tests were used to compare the differences between two treatment
groups within a cell line. P-values of <0.05 were considered significant.
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CHAPTER 3: RESULTS

3.1. ICso
The fifty percent inhibitory concentrations (ICso values) were determined for the NVP-AEW541 and

Picropodophyllotoxin (PPP) IGF-1R inhibitors for the HPDE, PANC-1, Mia PaCa-2 and CF PAC-1 cell
lines by constructing dose-response curves from the WST-1 assay. These values were obtained by
treating the PDAC cells to ranging concentrations of NVP-AEW541 from between 0.2 uM to 5 uM, and

Picropodophyllotoxin concentrations ranging from 1 uM to 5 uM. A comparison was made between
dose-response curves generated using Microsoft excel using raw data and using the four-parameter
logarithmic (4PL) function on GraphPad Prism (V8.4.3.). Inhibitory concentrations obtained from
articles and manufacturer’s instructions were also compared to the ICso values obtained from the
Microsoft excel and GraphPad Prism dose-response curves. Dose-response curves are shown in Figures

3.1, 3.2, 3.3, and 3.4, with the comparison of the 1Csg values shown in Table 3.1.

Table 3.1: Comparison of different 1Cso values as determined by experimentation vs

manufacturer’s guidelines and literature.

Concentration (UM)
) ) As per ]
Cell Line Treatment Graphical | GraphPad Literature | Reference
manufacturer
NVP-AEW541 2.3 2.178 0.86-5 n/a
HPDE
PICROPODOPHYLLOTOXIN 0.75 0.8650 0.05-15 n/a
NVP-AEW541 3.8 3.057 0.86-5 2.5 Wong
PANC-1 (2015)
PICROPODOPHYLLOTOXIN 3.99 3.96 0.05-15 n/a
NVP-AEW541 2.47 2.052 0.86-5 2.0 loannou et
Mia al., (2013)
PaCa-2
PICROPODOPHYLLOTOXIN 1.93 1.493 0.05-15 n/a
NVP-AEW541 2.59 2.907 0.86-5 3.9 Wong,
1
PICROPODOPHYLLOTOXIN 1.99 2.162 0.05-15 n/a




3.1.1. HPDE
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Figure 3.1: I1Cso values of a) NVP-AEW541 and b) Picropodophyllotoxin (PPP)
treatments in the HPDE cell line. The HPDE cells were treated with concentrations of
NVP-AEW541 ranging from 0.2 uM to 5 uM, and Picropodophyllotoxin concentrations

ranging from 1 uM to 5 uM. Each point represents the mean percentage cell viability
obtained from three independent experiments. A comparison was made between ICsg values
obtained from graphs generated on Microsoft excel (left) and logarithmic transformed 1Csg
values obtained from statistical software GraphPad Prism. Similar graphical 1Cso values were
obtained for the NVP-AEW541 inhibitor using both curves. The curve generated for PPP

showed a drastic decline in cell viability for concentrations exceeding 1 uM.
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3.1.2. PANC-1
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Figure 3.2: I1Cso values of a) NVP-AEW541 and b) Picropodophyllotoxin (PPP)
treatments in the PANC-1 cell line. PANC-1 cells were treated with concentrations of
NVP-AEW541 ranging from 0.2 uM to 5 uM, and Picropodophyllotoxin concentrations

ranging from 1 uM to 5 pM. Each point represents the mean percentage cell viability

obtained from three independent experiments. A comparison was made between ICso values
obtained from graphs generated on Microsoft excel (left) and logarithmic transformed 1Cso

values obtained from statistical software GraphPad Prism.
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3.1.3. Mia PaCa-2
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Figure 3.3: 1Cso values of a) NVP-AEWS541 and b) Picropodophyllotoxin (PPP) treatments in the
Mia PaCa-2 cell line. Mia PaCa-2 cells were treated with concentrations of NVP-AEW541 ranging from
0.2 uM to 5 pM, and Picropodophyllotoxin concentrations ranging from 1 uM to 5 uM. Each point
represents the mean percentage cell viability obtained from three independent experiments. A comparison
was made between ICso values obtained from graphs generated on Microsoft excel (left) and logarithmic

transformed 1Cso values obtained from statistical software GraphPad Prism.
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3.14. CEPAC-1
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Figure 3.4: I1Cso values of a) NVP-AEW541 and b) Picropodophyllotoxin (PPP) treatments in
the CF PAC-1 cell line. CF PAC-1 cells were treated with concentrations of NVP-AEW541
ranging from 0.2 uM to 5 uM, and Picropodophyllotoxin concentrations ranging from 1 pM to 5
MM. Each point represents the mean percentage cell viability obtained from three independent
experiments. A comparison was made between ICso values obtained from graphs generated on
Microsoft excel (left) and logarithmic transformed 1Cso values obtained from statistical software

GraphPad Prism.
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The optimal concentration of IGF-1 for stimulation of cell growth was determined using the
Trypan Blue Exclusion method. The concentration of IGF-1 was kept constant throughout all
cell lines to determine the role of IGF-1 in the different stages of PDAC. A concentration of 4

ng/ml was used for IGF-1 treatment across all cell lines.

Table 3.2: Working concentrations of modulators used in experiments.

IGF-1 NVP-AEW541 | PICROPODOPHYLLOTOXIN
(LM) (LM)
HPDE 2.5 0.65
PANC-1 4ng/ml 2.7 4
Mia PaCa-2 2.5 2
CF PAC-1 2.6 3

HPDE cells appeared to be more sensitive to the Picropodophyllotoxin inhibitor compared to
the NVP-AEWS541 inhibitor, this is indicated by the lower 1Cs value obtained. Interestingly,
the PANC-1 cells were not as sensitive as the other PDAC cell lines, having the highest
concentration of NVP-AEW541 at 2.7 uM, and Picropodophyllotoxin treatment with a
concentration of 4 uM being the most effective in reducing cell viability to 50 %. While the
graphical 1Cso values of NVP-AEW541 in the PANC-1 cell line exceeded 3 uM, the use of
these concentrations in following experimentation yielded a cell viability of less than 50 %,

therefore, as a result a concentration of 2.7 uM was used that was obtained from literature.

3.2. Morphology
The PDAC cells were grown in 6-well plates and treated with IGF-1, NVP-AEW541 and

Picropodophyllotoxin (PPP). DMSO and BSA were used as diluent controls. The PDAC cells
were viewed following the 72-hour treatment using an Olympus X35 microscope at a

magnification of 100 X and the images were taken with the attached camera.

3.2.1. HPDE
The HPDE cell line is derived from normal pancreatic ductal cells. These cells form plaques

as they become confluent and become a monolayer. These cells maintain its epithelial,

ductal-like morphological characteristics. They are small and elongated cells, with a small
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nucleus and an attenuated cytoplasm. As the cells become more confluent, some cells give
rise to rosette-like formations. This rosette morphology is typically associated with duct
formation (Soule et al., 1973). DMSO treated HPDE cells were shrunken with a lack of clear
cell boundaries. HPDE cells treated with the BSA diluent maintained some of its original cell
morphology as displayed in Figure 3.5, however, the cells were more sparsely populated
with stellate and pyramidal shaped cells. IGF-1 treated HPDE cells were sparsely arranged in
the culture dish, with more elongated cells with oval-shaped nuclei. Cells treated with NVP-
AEWS541 no longer maintained its normal ductal-like morphology, these cells lacked clear
cell boundaries, were oddly shaped, had the presence of blebbing and had a lot of cell debris.
Picropodophyllotoxin treated HPDE cells, lacked clear cell boundaries, had a granulated
cytoplasm and large nuclei. These cells displayed a form of cell death called secondary

necrosis.

Figure 3.5: Photomicrographs of HPDE cells showing morphological changes when exposed
to different treatment groups a) untreated, b) DMSO, c) BSA, d) IGF-1, ) NVP-AEW541
and f) Picropodophyllotoxin after 72 hours. Cells showed an epithelial cell morphology. HPDE
cells were treated with 4 ng/ml of IGF-1, 2.5 uM of NVP-AEW541 and 0.65 puM of
Picropodophyllotoxin. Magnification 100 X, scale bar: 10 um.
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3.2.2. PANC-1
Untreated PANC-1 cells had a stellate morphology with a centrally placed, round nucleus.

DMSO-treated cells appeared more sparsely in the culture dish and were more rounded with a
smaller, displaced nucleus. PANC-1 cells treated with the BSA diluent had a brick-like
morphology and were more confluent when compared to untreated cells. IGF-1-treated cells
were more densely populated in the culture dish and had a variety of shapes ranging from
small, rounded cells, stellate-shaped cells, and elongated cells. PANC-1 cells that were
treated with NVP-AEW541 were stellate shaped and had granular cell bodies, while cells
treated with Picropodophyllotoxin were irregularly shaped, lacked clear cell boundaries and

were granulated.

Figure 3.6: Photomicrographs showing morphological changes of PANC-1 cells when
exposed to different treatment groups a) untreated, b) DMSO, c) BSA, d) IGF-1, ) NVP-
AEWS541 and f) Picropodophyllotoxin after 72 hours. PANC-1 cells were treated with 4
ng/ml of IGF-1, 2.7 uM of NVP-AEW541 and 4 uM of Picropodophyllotoxin. Magnification
100 X, scale bar: 10 um.

3.2.3. Mia PaCa-2
Untreated Mia PaCa-2 cells are adherent and attach loosely to form clusters. The cells

maintain an epithelial and mesenchymal cell morphology. Similar to HPDE cells, the Mia
PaCa-2 cells are small, elongated and has a small centrally placed nucleus. Smaller, rounded
cells were observed when treated with the DMSO diluent. These cultures also showed signs
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of cell shrinkage and more condensed colony formations. BSA treated cells were shrunken
and more rounded. IGF-1 treated cells became more elongated and spindle-shaped and
showed the initial stages of plasma membrane blebbing. Mia PaCa-2 cultures treated with
NVP-AEWS541 had irregularly shaped, granular cell bodies and formed irregular dense cell
colonies. Compared to the untreated control, Picropodophyllotoxin-treated cultures had a
variety of cell shapes, with some spindle-shaped with the presence of blebbing, fibroblast-like

cells and rounded granular cells.

Figure 3.7: Photomicrographs showing morphological changes to Mia PaCa-2 cells when
exposed to different treatments a) Untreated, b) DMSO, c) BSA, d) IGF-1, e) NVP-
AEWS541 and f) Picropodophyllotoxin after 72 hours. Mia PaCa-2 cells were treated with 4
ng/ml of IGF-1, 2.5 uM of NVP-AEW541 and 2 uM of Picropodophyllotoxin. Magnification
100 X, scale bar: 10 pm.

3.2.4. CFPAC-1
Untreated CF PAC-1 cultures had cells that were small, elongated and formed large cell

colonies. Cells treated with the DMSO diluent resulted in rounding and subsequent lifting of
cells from culturing dishes. BSA treated cultures had a similar appearance to that of untreated
cells, with small, elongated cell bodies, however, unlike the untreated cultures, BSA treated
cells showed granulation within the cell bodies. CF PAC-1 cultures treated with IGF-1 were
characterised by the presence of irregularly shaped and granular cell bodies with displaced

nuclei, the presence of blebbing was also observed in these cultures. NVP-AEW541 treated
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cultures showed small cell colonies of irregularly shaped, granulated CF PAC-1 cells.
Cultures that were treated with PPP presented with the loss of clear cell boundaries,
granulation, and plasma membrane blebbing. Moreover, an increase in cell debris was
observed across the IGF-1, NVP-AEW541 and PPP treated cultures.

Figure 3.8: Photomicrographs of changes in morphology to CF PAC-1 cells when exposed to
different treatments a) Untreated, b) DMSO, c) BSA, d) IGF-1, ) NVP-AEW541 and f)
Picropodophyllotoxin after 72 hours. CF PAC-1 cells were treated with 4 ng/ml of IGF-1, 2.5 uM
of NVP-AEW541 and 3 uM of Picropodophyllotoxin. Magnification 100 X, scale bar: 10 pm.

3.3. WST-1 Proliferation Assay
Proliferation data obtained from the WST-1 analysis showed that IGF-1R modulation

affected the proliferation of PDAC cells, moreover, significant differences were seen within
each cell line.

The HPDE cells showed significantly decreased levels of proliferation in the DMSO and
BSA diluent treatment groups (p<0.05), while IGF-1 did not significantly increase the
proliferation when compared to untreated control (p>0.05). Compared to untreated cells, the
NVP-AEW541 and PPP inhibitors significantly decreased proliferation in the cell line
(p<0.05), these treatment groups also significantly decreased proliferation compared to the

IGF-1 treated cells (p<0.05). A comparison between the different treatment groups showed
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that DMSO significantly decreased cell proliferation compared to all treatment groups
(p<0.05). Picropodophyllotoxin treatment was also found to be more effective in decreasing
cell proliferation in the HPDE cell line when compared to cells treated with NVP-AEW541
treatment groups (p<0.05).

PANC-1 cells had a varied proliferative response to all treatments (p<0.05), where all
treatments groups were significantly different from the untreated control. IGF-1 treated
PANC-1 cells exhibited a significantly greater level of proliferation when compared to all
treatment groups (p<0.05). Cells treated with the NVP-AEWS541linhibitor showed decreased
proliferation compared to the untreated control but exhibited similar levels of proliferation as
the DMSO and BSA diluents. Cells exposed to Picropodophyllotoxin showed significantly
decreased proliferation compared to all treatments, including NVP-AEW541 (p<0.05). This
indicates that Picropodophyllotoxin is more effective in decreasing cellular proliferation in
PANC-1 cells.

Mia PaCa-2 cells had a similar level of cell proliferation induced in response to all drug
treatments (p>0.05). Cellular proliferation in cells exposed to IGF-1 was significantly
increased compared to the untreated control (p<0.05). Interestingly, Mia PaCa-2 cells had an
increased level of proliferation when exposed to the NVP-AEW541 and
Picropodophyllotoxin IGF-1R inhibitors when compared to the untreated and diluent

controls, albeit not significantly (p>0.05).

CF PAC-1 cells showed varying levels of proliferation when exposed to the drug treatments
(p<0.05). All treatments appeared to decrease the proliferative capacity of CF PAC-1 cells
with a marked decrease in cell proliferation observed when comparing all treatment groups to
the untreated control (p<0.05). DMSO had the severest effects on the CF PAC-1 cells with
the lowest proliferation occurring in cells treated with this diluent. Cells treated with IGF-1
and BSA showed similar levels of proliferation, indicating that IGF-1 did not have a major
impact on the proliferation of CF PAC-1 cells and that the levels of proliferation observed in
cells treated with IGF-1 may not be due to the effects of IGF-1 itself, but may be the effects
of the BSA diluent. Proliferation of CF PAC-1 cells treated with NVP-AEW541 and
Picropodophyllotoxin were significantly decreased when compared to the untreated control
(p<0.05), with Picropodophyllotoxin treatment being significantly more effective than NVP-
AEWS541 in decreasing cell proliferation.
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Figure 3.9: WST-1 proliferation in PDAC cell line following 72-hour treatment with IGF-1R modulators. Proliferation was significantly decreased
in a) HPDE, b) PANC-1 and d) CF PAC-1 cells treated with DMSO, BSA, NVP-AEW541 and Picropodophyllotoxin. IGF-1 treatment significantly
increased proliferation in b) PANC-1 and ¢) Mia PaCa-2 cells. A non-parametric ANOVA test was done to determine the differences between treatment
groups in each cell line, n=3. Each box plot represents the average lower and upper quartile percentages, and the whiskers represents the non-outlier
range. The mean absorbance is directly proportional to proliferative capacity within the cells. Asterisk represents treatments that are significantly
different from the untreated control. P<0.05.
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A comparison between all PDAC cell lines showed that proliferation in the HPDE cell line
across all treatment groups was significantly lower when compared to PANC-1, Mia PaCa-2
and CF PAC-1 cells. In addition, HPDE cells appeared to be the most sensitive cell line to the
different treatments when compared to the other cell lines. The data shows that untreated
PANC-1 cells were more proliferative than the other PDAC cells. CF PAC-1 cells had a
higher proliferation rate across all treatment groups, apart from DMSO treated cells. Mia
PaCa-2 proliferation was relatively unchanged across all treatment groups. The DMSO
diluent significantly decreased cell proliferation in HPDE and CF PAC-1 cells. Only PANC-1
and Mia PaCa-2 cells increased in proliferation when exposed to IGF-1, while proliferation
was not significantly affected in HPDE and CF PAC-1 cells exposed to IGF-1 for 72 hours.

It was also observed that Picropodophyllotoxin was significantly more effective that NVP-
AEWS541 in decreasing cell proliferation in HPDE, PANC-1 and CF PAC-1 cells.
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Figure 3.10: A comparison of proliferation in the untreated control, DMSO and BSA

diluent controls, IGF-1, NVP-AEW541 and Picropodophyllotoxin treatment groups

across all PDAC cell lines after 72 hours of treatment. Each bar represents the mean +
SEM values obtained from three independent experiments. The mean absorbance is directly
proportional to proliferative capacity within the cells. Mia PaCa-2 cell proliferation remained

relatively unchanged when treated with IGF-1R modulators.
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3.4. Clonogenic Assays

UNTREATED

Figure 3.11: Survival and recovery of PDAC cell lines following 72 hours treatment with the DMSO and BSA diluent controls, IGF-1, NVP-
AEWSb541 and Picropodophyllotoxin (PPP). Cells were re-plated in 6-well plates following treatment for 72 hours and were stained with 0.5 % crystal
violet after 7-14 days. a) HPDE cells showed more confluent monolayers of cells than singular defined colonies across all treatment groups; b) PANC-1

cell colonies were more darkly stained due to the high density of cells in each colony, IGF-1 and PPP-treated cells had fewer colonies; ¢) Mia PaCa-2

cell colonies were more sparsely populated and had fewer colonies in DMSO and PPP treatment groups; d) CF PAC-1 cells showed a better recovery

following the 72-hour treatment with all treatment groups, DMSO and PPP-treated cells showed significantly fewer colony formations.
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Clonogenic assays were performed to show the ability of the cells to form colonies following
72-hour treatment. Cultures were exposed to DMSO and BSA diluents, and the IGF-1R
modulators- IGF-1, NVP-AEW541 and Picropodophyllotoxin for 72-hours, and thereafter re-
plated in 6-well plates in complete growth medium. Thus, showing cell survival by

determining how well the cells ‘recovered’ from the IGF-1R modulation.

HPDE cells grew more confluently than the PANC-1, Mia PaCa-2, and CF PAC-1 cell lines,
therefore, the lack of clearly defined colony staining of the different treatment groups within
the HPDE cell line. This should be noted when considering the lower colony numbers
reported in this cell line. Since the cell line was more confluent, there were fewer larger
colonies that resulted from the fusion of smaller colonies. Therefore, the effectiveness of a
clonogenic assay in determining the recovery and proliferation of cells depends on the
characteristics of the cell line and is heavily dependent on the cell’s doubling time. It was
observed that HPDE cells had a doubling time of approximately 20 hours, and colony
formation started 3 days after reseeding of treated cells. Cultures treated with DMSO resulted
in no colonies formed. BSA, IGF-1 and NVP-AEW541 treatments had significantly lower
colonies counted when compared to the untreated control (p<0.05). Interestingly, it was
found that cells exposed to IGF-1 formed significantly fewer colonies compared to the NVP-
AEWS541 and Picropodophyllotoxin inhibitors. No differences were observed between NVP-
AEWS541 and Picropodophyllotoxin.

Crystal violet staining of PANC-1 cell colonies were darker as the colonies were more
densely populated in each well. Moreover, PANC-1 cells showed the greatest variability in
the number of colonies formed in cultures that were exposed to IGF-1, NVP-AEW541 and
Picropodophyllotoxin (Figure 3.12, B). Cultures treated with DMSO and
Picropodophyllotoxin had a significantly lower number of colonies counted when compared
to the untreated control. Fewer colonies were also counted in IGF-1 and NVP-AEW541-
treated cultures than the untreated control, albeit not significantly. No significant differences
in colony counts were observed between IGF-1, NVP-AEW541 and Picropodophyllotoxin
treated cultures in the PANC-1 cell line.

Colony formation in Mia PaCa-2 cells was significantly decreased in response to all
treatment groups, with less than 20 colonies formed in Mia PaCa-2 cultures treated with
DMSO and Picropodophyllotoxin. Interestingly, cells exposed to IGF-1 resulted in
significantly fewer colonies. It is to be noted that Mia PaCa-2 cells were found to have a
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doubling time of 15-20 hours, often resulting in the detachment of cells from the surface of
the culture dish due to overcrowding. Therefore, it is not clear whether the reduced colony
formation observed in cells exposed to IGF-1 is due to the treatment itself or overcrowding of
the culture plate, resulting in detachment and subsequently fewer observable colonies formed.
A comparison between the different treatment groups showed that IGF-1 treated cells formed
significantly more colonies than cells exposed to NVP-AEW541 and Picropodophyllotoxin.
Picropodophyllotoxin was more effective than NVP-AEW541 in reducing colony formation
in Mia PaCa-2 cells.

Colony formation was significantly decreased in CF PAC-1 cells exposed to DMSO, IGF-1,
NVP-AEW541 and Picropodophyllotoxin. Cultures exposed to the BSA diluent resulted in
more colonies formed compared to the untreated control, albeit not significantly. Cells treated
with the NVP-AEWS541 inhibitor resulted in significantly more colonies formed compared to
cells treated with IGF-1 and Picropodophyllotoxin. Picropodophyllotoxin significantly
reduced colony formation compared to NVP-AEW541 (p<0.05).
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Figure 3.12: Quantification of colony formation following treatment with the DMSO and BSA diluent controls, IGF-1, NVP-AEW541
and Picropodophyllotoxin for 72 hours. Colonies were counted manually and only colonies of ~ 50 cells or more were counted. Box plots
represents the mean upper and lower quartiles of the number of colonies counted from three independent experiments (n=3). A parametric t-test
or non-parametric ANOVA test were performed to determine the differences between treatment groups in each cell line. a) There was no colony
formation in DMSO-treated HPDE cells and colony formation was significantly reduced in all treatment groups except PPP-treated cells, with
NVP-AEW541 and PPP treated cells having a significantly greater number of colonies than DMSO, BSA and IGF-1 treatment groups; b)
PANC-1 cell colonies were significantly decreased in DMSO, IGF-1, NVP-AEW541 and PPP treated cells; c) Mia PaCa-2 colonies were
significantly decreased in all treatment groups, with the least number of colonies being counted in PPP-treated cells; d) CF PAC-1 colonies were
significantly decreased in all treatment groups except BSA, and DMSO- and PPP-treated cells had the least colonies counted. Asterisks represent

treatment groups that were significant compared to the untreated control. Significance was set at p<0.05.
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Figure 3.13: Comparison of number of colonies formed in HPDE, PANC-1, Mia PaCa-2
and CF PAC-1 cell lines. Each point represents the mean £ SEM number of colonies counted in
three independent experiments. HPDE cells produced the fewest number of colonies in relation
to the other PDAC cell lines.

A comparison of all cell lines showed that the HPDE cell line had relatively lower colony counts
when compared to the other cell lines. Across all cell lines, the DMSO diluent control effectively
prevented the formation of large colonies, while the BSA controls had significantly more colonies
than DMSO-treated cells. Cells treated with NVP-AEW541 appeared to recover following
treatment but did not form as many colonies as the BSA control and IGF-1 treated cells. Colony
formation in the NVP-AEWb541-treated cells was significantly increased compared to the
Picropodophyllotoxin inhibitor. Picropodophyllotoxin treatment effectively decreased the number
of colony formations in the Mia PaCa-2 and CF PAC-1 cell lines. However, the effect of
Picropodophyllotoxin treatment on the Mia PaCa-2 cell line may be attributed to the effect of the
DMSO diluent and not the active component of Picropodophyllotoxin itself, as seen by similar

colony counts in DMSO and Picropodophyllotoxin treated cells.
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3.5. Migration Assay
Throughout the duration of the 72-hour treatment period, migration of the cells was observed at

24-hour intervals by measuring the area between the wounded area. Cells were viewed under an
Olympus 1X35 microscope at 40 X magnification and captured images were processed using the
LC Micro software. The area was measured at 0, 24, 48 and 72 hours. Migration data is shown
as percentage area difference from the time of exposure to the treatment i.e., ‘Hour 0’. A
negative percentage area represents migration towards the closure of the scratch and a positive

percentage area represents an increase in area of the wound.

3.5.1. HPDE
It was observed from the photomicrographs of HPDE cells (Figure 3.14.) that at Hour 24 of

treatment more cells were dislodged and suspended in the growth medium of IGF-1 and NVP-
AEW541 exposed cultures. This also occurred at Hour 48 of the DMSO and BSA diluents.
Untreated, BSA and IGF-1 treated HPDE cells showed closure of the wound. A comparison of
the percentage area difference between treatment groups (Figure 3.18, A) showed that the
untreated control had the greatest closure of the area, IGF-1 treated cells had approximately 50
% wound closure, followed by the BSA diluent which showed less than 20 % area closure.
While the percentage area difference first increased in cells that were treated with DMSO and
NVP-AEW541, at the 72-hour endpoint there was no area difference when compared to the 0-
hour reference point. Picropodophyllotoxin had no effect on the migration of HPDE cells
throughout the 72-hour treatment period.

A comparison of the effects of the different treatment groups on the migration of cells when
compared to the untreated control showed that all treatment groups decreased the migration of
the HPDE cells. While IGF-1 and BSA treated cultures showed migration towards the closure of
the wounded area, this was decreased compared to the untreated control. Although DMSO,
NVP-AEW541 and Picropodophyllotoxin had a 0 % area difference compared to Hour 0 of
treatment, these treatment groups were found to be 100 % effective in inhibiting the migration of

HPDE cells compared to the untreated control, this without the disruption of cell confluency.
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Figure 3.14: Photomicrographs of HPDE cells showing migration of the cells in the presence of
effect of DMSO, BSA, IGF-1, NVP-AEW541 and Picropodophyllotoxin. The area between the
scratch was measured at 0-, 24-, 48- and 72-hour time intervals. Untreated and IGF-1 treated cells

showed the greatest migration towards closure of the wounded area, while the area of DMSO, NVP-

AEWS541 and Picropodophyllotoxin-treated cells remained relatively unchanged. Magnification 40 X and
scale bar: 50 pum.




3.5.2. PANC-1
Compared to HPDE cells, fewer PANC-1 cells were found to be detached in all treatment

groups. Photomicrographs of PANC-1 cells (Figure 3.15) and analysis of the percentage area
difference (Figure 3.18, B) showed closure of the wounded area in cultures from the untreated
control, IGF-1 and NVP-AEW541 treatment groups from 24 hours of being exposed to the
treatment. At the 72-hour endpoint it was observed that cells treated with IGF-1 had the greatest
area closure of approximately 60 %. Cultures treated with the BSA diluent and NVP-AEW541
had similar percentage area closure of 20-30 %. The DMSO diluent had no observable effect on
the migration of PANC-1 cells compared to the initial time of exposure to DMSO. The
Picropodophyllotoxin treatment appeared to decrease the migratory ability and affect the

confluency of PANC-1 cells, showing an increase in area of the wound.

Compared to the untreated control, IGF-1 treated cultures increased the migration of the PANC-
1 cells by 10 %. BSA and NVP-AEW541 treatment groups, while showing closure of the
wounded area, decreased the migration of PANC-1 cells by approximately 30 % compared to the
untreated control. Even though DMSO exposure to the cells had no observable effects on cell
migration, when compared to the untreated control, DMSO treatment decreased the migration of
PANC-1 cells by 60 %.
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Figure 3.15: Photomicrographs of PANC-1 cells showing migration of the cells in the presence of
DMSO, BSA, IGF-1, NVP-AEWS541 and Picropodophyllotoxin. The area between the scratch was
measured at 0-, 24-, 48- and 72-hour time intervals. The untreated control, BSA diluent and IGF-1 treated
cells showed the largest closure of the wounded area at hour 72. The area of the wound increased in
Picropodophyllotoxin treated cells. Magnification 40 X and scale bar: 50 pm.
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3.5.3. Mia PaCa-2
The photomicrographs of Mia PaCa-2 cells (Figure 3.16) showed no observable changes to the

wounded area for the untreated control, DMSO and BSA diluent controls, and IGF-1 treatment
groups throughout the 72 hours. Mia PaCa-2 cultures that were exposed to NVP-AEW541
showed migration of the cells through wound closure from 48 hours of treatment.
Picropodophyllotoxin treated cells showed further widening of the area from Hour 48 of
treatment, with all the cells being completely dislodged at 72 hours. Percentage area difference
analysis (Figure 3.18, C) showed that BSA, IGF-1 and NVP-AEW541 treatment groups
appeared to have no major effects on the migration of the Mia PaCa-2 cells compared to the
Hour 0 reference time point. The percentage area difference at 72 hours for the BSA, IGF-1 and
NVP-AEW541 treatment groups were similar to untreated Mia PaCa-2 cells, with less than 20 %
of the area being closed. There was no change in area in DMSO treated cells.
Picropodophyllotoxin-treated cultures showed an area increase of 100 % in the initial scratch
with the detachment of cells. It was found that BSA, IGF-1 and NVP-AEW541 treatment had no
effect on the migration of Mia PaCa-2 cells compared to the untreated control, with DMSO

slightly decreasing the migration of the cells compared to untreated cells.
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Figure 3.16: Photomicrographs of Mia PaCa-2 cells showing migration of the cells in the presence
of DMSO, BSA, IGF-1, NVP-AEW541 and Picropodophyllotoxin. The area between the scratch was
measured at 0-, 24-, 48- and 72-hour time intervals. The Mia PaCa-2 cell line showed the least migratory
response to DMSO, BSA and IGF-1 exposure. NVP-AEW541 treatment promoted migration of cells
towards closure of the wounded area. Picropodophyllotoxin had the greatest effect on the cells at 72
hours, with complete detachment of the cells in the area that was imaged. Magnification 40 X and scale
bar: 50 um.




3.5.4. CF PAC-1
Untreated CF PAC-1 cells, BSA and IGF-1 treated cells showed a uniform pattern of cellular

migration in the closure of the wounded area (Figure 3.17). At 48 hours of exposure to DMSO

there was a lot of detached cells in the growth medium.

It was observed that IGF-1 and BSA treatments induced migration in the CF PAC-1 cells, as
shown by the 50-60 % decrease of the wounded area (Figure 3.18, C). Moreover, these treated
CF PAC-1 cultures showed greater migration than the untreated control. NVP-AEW541
treatment, while showing wound closure, showed decreased migration of the CF PAC-1 cells
compared to the untreated control. DMSO treated cells showed that these cultures initially
migrated towards closure of the wounded within the first 24 hours, however at 48 and 72 hours
the area of the wound increased. Picropodophyllotoxin appeared to have no observable effects
on the migration of the CF PAC-1 cells throughout the 72-hour treatment period. However,
when compared to the untreated control, the Picropodophyllotoxin treatment reduced the
migratory ability of the CF PAC-1 cells by over 60 %.
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Figure 3.17: Photomicrographs of CF PAC-1 cells showing migration of the cells in the presence of
DMSO, BSA, IGF-1, NVP-AEWS541 and Picropodophyllotoxin. The area between the scratch was
measured at 0-, 24-, 48- and 72-hour time intervals. Untreated, BSA, IGF-1 and NVP-AEW541- treated
cells showed the greatest migration towards closure of the scratch. Magnification 40 X and scale bar: 50

um.




50+

% Area Difference

9]

100

50+

% Area Difference

-50-

HPDE

Mia PaCa-2

24
Time Interval (Hrs)

4

RN

UNTREATED

DMSO

BSA

IGF-1

NVP-AEW541
PICROPODOPHYLLOTOXIN

UNTREATED

DMSO

BSA

IGF-1

NVP-AEWS41
PICROPODOPHYLLOTOXIN

% Area Difference

PANC-1

% Area Difference

-80-

CF PAC-1

¢

RN

$

bt od

UNTREATED

DMSO

BSA

IGF-1

NVP-AEW541
PICROPODOPHYLLOTOXIN

UNTREATED

DMSO

BSA

IGF-1

NVP-AEW541
PICRCPODOPHYLLOTOXIN

Figure 3.18: Normalized percentage area difference for a) HPDE, b) PANC-1, Mia PaCa-2 and CF PAC-1 cells. Each point represents the
percentage area difference for the DMSO, BSA, IGF-1, NVP-AEW and Picropodophyllotoxin treatments at 0-, 24- 48- and 72-hour time

intervals. The percentage is expressed as the area difference in the field of view at each time interval against the area difference at 0-hr time

interval. n=3. The area in each field of view was measured three times to eliminate intra-observer error. Picropodophyllotoxin and DMSO

treatments were found to be the most effective in inhibiting the migration of all PDAC cells. NVP-AEW541 treatment resulted in the closure of

the wounded area in the PANC-1, Mia PaCa-2 and CF PAC-1 cell lines, but showed less migration than untreated controls of each cell line.
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3.6. Quantitative Real Time PCR
Following treatment of the cells with the IGF-1R modulators and respective diluents, the

MRNA expression levels of several genes involved in proliferation, survival, migration, and
apoptosis was measured using gRT-PCR. The levels of expression were expressed relative to
the gene expression of the untreated control in each cell line. A decrease in gene expression is
shown as negative and an increased gene expression is represented by a positive value.
Statistical analysis was performed to determine the differences between mRNA expression
levels between treatment groups within the PDAC cell lines (Appendix C, 9.4).

3.6.1. HPDE
IGF-1R RNA expression levels were significantly decreased in HPDE cells treated with the

DMSO and BSA diluents, IGF-1 and NVP-AEW541 modulators (p<0.05) (Figure 3.19, A).
Expression of IGF-1R in HPDE cells exposed to Picropodophyllotoxin was not detected.
DMSO significantly decreased IGF-1R mRNA expression levels compared to all other
treatment groups (p<0.05) (Appendix C, 9.4.1.3). When compared to IGF-1 treatments, it
was found that NVP-AEW541 treatment decreased IGF-1R mRNA, however this was not
significant (p=0.091).

No expression of PI3KCA mRNA was detected in HPDE cells treated with the DMSO
diluent. DMSO-treated HPDE cells showed a significantly downregulated expression of the
AKT3, FOXO1A and MYC genes (p<0.05), all of which are involved in proliferation and
cell survival (Figure 3.19, B). Expression levels of MYC mRNA was found to be lower than
that of AKT3 and FOXO1A. Moreover, it was detected that HPDE cells exposed to DMSO
had significantly decreased mMRNA expression of the AKT3, FOXO1A and MYC genes
compared to all other treatment groups within the cell line. HPDE cells treated with the BSA
diluent showed significant downregulation of AKT3 and MYC mRNA expression (p<0.05).
Cells that were exposed to IGF-1, NVP-AEW541 and Picropodophyllotoxin showed
significantly upregulated expression of AKT3 and FOX01A genes (p<0.05), while the
PIBKCA expression levels was significantly downregulated in the Picropodophyllotoxin
treatment group (p<0.05). Moreover, PI3BKCA mRNA expression was significantly decreased

in Picropodophyllotoxin treated cells compared to other treatment groups (p<0.05).

The mRNA expression levels of the genes involve in migration, Vimentin (VIM) and Snail
(SNAI1) are shown in Figure 3.19, C. VIM mRNA expression levels were decreased in
DMSO, BSA and NVP-AEWS541 treatment groups (p<0.05). No expression of SNAIL was
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detected in HPDE cells treated with DMSO and Picropodophyllotoxin. An increase in SNAI1
expression was detected in BSA and IGF-1 exposed HPDE cells (p<0.05).

The pro-apoptotic BAX gene expression was downregulated in both the DMSO and BSA
diluents (p<0.05) (Figure 3.19, D). The anti-apoptotic BCL2 gene expression was
upregulated in DMSO, IGF-1 and NVP-AEW541-treated HPDE cells (p<0.05). None of the
apoptotic genes were detected in HPDE cells treated with Picropodophyllotoxin.

3.6.2. PANC-1
IGF-1R gene expression was upregulated in PANC-1 cells treated with all treatment groups

(p<0.05) (Figure 3.20, A). The expression of IGF-1R in cells exposed to IGF-1 was
significantly increased compared to BSA, NVP-AEWS541 and Picropodophyllotoxin
treatments (p<0.05). Similar expression levels of IGF-1R were detected in BSA, NVP-
AEWS541 and Picropodophyllotoxin exposed PANC-1 cells (p<0.05).

Overexpression of PI3BKCA, AKT3, FOX01A and MYC was detected in PANC-1 cells that
were treated with DMSO, IGF-1 and Picropodophyllotoxin (p<0.05) (Figure 3.20, B). These
genes that are involved in proliferation and survival were downregulated in the BSA and
NVP-AEW541 treatment groups. IGF-1 treated cells showed the highest upregulation of
AKT3 compared to other treatment groups (p<0.05). It was observed that expression of the
genes involved in proliferation and survival were all significantly upregulated in
Picropodophyllotoxin treated PANC-1 cells compared to cells treated with the NVP-
AEWS541 inhibitor (p<0.05).

The PANC-1 cells that were treated with DMSO and Picropodophyllotoxin had
overexpression of both, SNAIL and VIM genes (Figure 3.20, C). These genes were both
decreased in cells treated with BSA and NVP-AEW541, with SNAIL downregulated
expression being significant (p<0.05). IGF-1 treated cells showed downregulation of SNAI1
(p>0.05) and overexpression of VIM mRNA (p<0.05). Both, SNAI1 and VIM expression
was significantly increased in cells treated with Picropodophyllotoxin compared to NVP-
AEW541 (p<0.05).

An assessment of the expression levels of pro- and anti-apoptotic genes is shown in Figure
3.20, D. The anti-apoptotic BCL2 gene was upregulated in all treatment groups in the
PANC1 cell line, with BAX, the pro-apoptotic gene being significantly downregulated in
DMSO-treated cells and upregulated in the IGF-1 (p<0.05) and Picropodophyllotoxin

(p>0.05) treatment groups. A comparison on the expression levels of BAX and BCL2
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between the NVP-AEW541 and Picropodophyllotoxin inhibitors were not significant
(p>0.05).

3.6.3._Mia PaCa-2
Figure 3.21, A shows IGF-1R mRNA expression levels of Mia PaCa-2 cells. IGF-1R

expression was downregulated in all treatment groups (p<0.05), apart from cells treated with
the NVP-AEW541, where downregulated expression of the gene was detected (p<0.05).
Similar IGF-1R expression levels were detected in cells exposed to IGF-1 and its BSA
diluent (p<0.05).

Expression levels of genes that are involved in cell proliferation and survival were minimally
affected in the Mia PaCa-2 cell line (Figure 3.21, B). PI3KCA expression levels were
significantly upregulated in BSA treated cells and downregulated in cells exposed to IGF-1
and NVP-AEW541 (p<0.05). AKT3 mRNA expression levels were significantly increased in
cells treated with DMSO (p<0.05) and downregulated in NVP-AEW541 (p<0.05). FOXO1A
expression was upregulated in cells that were exposed to BSA, IGF-1 and
Picropodophyllotoxin (p<0.05), with expression being downregulated in NVP-AEW541
treated Mia PaCa-2 cells (p<0.05). A significant downregulation of MYC was detected in
BSA and IGF-1 treated cells (p<0.05).

Mia PaCa-2 cells that were treated with DMSO, BSA, IGF-1 and Picropodophyllotoxin
showed overexpression of the SNAI1 gene (p<0.05), while SNAI1 gene expression was
downregulated in cells that were treated with NVP-AEW541 (p<0.05) (Figure 3.21, C). The
VIM gene was downregulated in DMSO, BSA, IGF-1 and Picropodophyllotoxin treated cells,

with a significant decreased in expression in cells exposed to IGF-1.

Mia PaCa-2 cells that were treated with the DMSO diluent had minimal changes in BAX and
BCL2 apoptotic gene expression levels (Figure 3.21, D). The pro-apoptotic gene, BAX
expression levels were significantly upregulated in cells exposed to BSA (p<0.05). Whereas
both BAX and BCL2 genes were downregulated in cells treated with IGF-1, NVP-AEW541
and Picropodophyllotoxin.

3.6.4. CF PAC-1
Expression levels of IGF-1R was significantly downregulated in all treatment groups in the

CF PAC-1 cell line (p<0.05) (Figure 3.22, A). Cells exposed to IGF-1 had significantly
downregulated IGF-1R expression levels compared to DMSO, BSA, NVP-AEW541 and
Picropodophyllotoxin. BSA and NVP-AEW541 had similar expression levels of IGF-1R.
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CF PAC-1 cells that were exposed to DMSO showed a significant upregulation of all genes
involved in cell proliferation and survival (Figure 3.22, B). Cells that were treated with the
BSA diluent had increased levels of PI3KCA and FOXO1A mRNA expression levels
(p<0.05). Expression of MYC was significantly downregulated in BSA treated cells (p<0.05).
No FOXO1A expression levels were detected in CF PAC-1 cells that were exposed to IGF-1.
However, there was an increased expression levels of PI3BKCA, AKT3 and MYC in IGF-1
treated cells. All 4 genes were upregulated in cells that were treated with NVP-AEW541,
however MY C upregulation was not significant. FOXOZ1A was not detected in cells that were
exposed to Picropodophyllotoxin. However, expression of PI3KCA, AKT and MYC were all

downregulated in this treatment group.

SNAI1 gene expression was not detected in any treatment group of the CF PAC-1 cell line
(Figure 3.22, C), including untreated cells. No expression of VIM gene was detected in cells
treated with Picropodophyllotoxin, but the gene expression was overexpressed in DMSO,
BSA, IGF-1 and NVP-AEW541 treatment groups.

The pro-apoptotic, BAX gene was overexpressed in DMSO, BSA and IGF-1 treated CF
PAC-1 cells (p<0.05) and downregulated in cells treated with the NVP-AEW541 (p>0.05)
and Picropodophyllotoxin (p<0.05) inhibitors. BCL2 gene expression was upregulated in the
DMSO, BSA and NVP-AEWS541 treatments, and decreased in Picropodophyllotoxin-treated
cells. No BCL2 gene expression was detected in CF PAC-1 cells treated with IGF-1. While
both BAX and BCL2 was upregulated in cells treated with the BSA diluent, equal levels of
both genes was observed.

3..5. BAX/BCL2

The relative expression of BAX/BCL2 was calculated to determine whether a pro-apoptotic

or anti-apoptotic environment was favoured across the treatment groups.
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Table 3.3.: The relative expression of BAX/BCL2

Cell Line Treatment Group BAX/BCL2 expression (Logl0)
DMSO -4,91321* Pro-apoptotic
BSA -13,6442* Pro-apoptotic
HPDE IGF-1 0,235372 Pro-apoptotic
NVP-AEW541 0,105394 Pro-apoptotic
Picropodophyllotoxin n/a n/a

DMSO -0,2355* Pro-apoptotic
BSA -0,14573 Pro-apoptotic
PANC-1 IGF-1 0,249372* Pro-apoptotic
NVP-AEW541 0,150558 Pro-apoptotic
Picropodophyllotoxin 1,833259 Anti-apoptotic

DMSO -0,66938* Neutral
BSA 3,364896* Anti-apoptotic

Mia PaCa-2 IGF-1 0,877732% Neutral

NVP-AEW541 1,07659* Neutral
Picropodophyllotoxin 0,300323* Anti-apoptotic
DMSO 0,432972% Pro-apoptotic
BSA 0,030811* Pro-apoptotic
CF PAC-1 IGF-1 n/a Anti-apoptotic
NVP-AEW541 -0,68627 Pro-apoptotic
Picropodophyllotoxin 6,440193* Pro-apoptotic

Asterisks indicate ratios that are significantly different from the untreated control for the respective
cell line. n/a: Data not available due to both or either of the genes not being detected in the sample.
The data was determined as being either pro-apoptotic or anti-apoptotic. Neutral refers to equal gene
expression of BAX and BCL2, even though gene expression was increased or decreased. n=3.
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Figure 3.19: Relative gene expression of genes involved in proliferation, survival, migration, and apoptosis in the HPDE cell line. Data is presented as
gene expression levels relative to untreated HPDE cells, + SD values obtained from three independent experiments. IGF-1R gene expression was decreased in
DMSO, BSA and NVP-AEW541 treated cells. Genes involved in survival and proliferation were decreased in the DMSO and BSA diluents, and increased in
IGF-1, NVP-AEWS541 and Picropodophyllotoxin treated HPDE cells. VIM expression was downregulated, and SNAIL gene expression was upregulated in all
treatment groups. The anti-apoptotic gene BCL-2 was upregulated in all treatments. A students t-test was performed to determine the differences between mMRNA

expression levels compared to the control. Asterisks represents treatments that are significantly different from the untreated control. P<0.05.
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Figure 3.20: Relative gene expression of genes involved in proliferation, survival, migration, and apoptosis in PANC-1 cells. Data is presented as gene

expression levels relative to untreated PANC-1 cells, + SD values obtained from three independent experiments. IGF-1R gene expression was upregulated in

DMSO, IGF-1 and Picropodophyllotoxin treatments. Correspondingly, the proliferation and survival genes, as well as the migration gene VIM, were also

upregulated in these treatment groups. SNAIL gene expression was upregulated in DMSO and Picropodophyllotoxin treatments. BCL2 was upregulated in all

treatment groups, with the greatest upregulation occurring in DMSO and IGF-1 treated cells. A students t-test was performed to determine the differences

between mMRNA expression levels compared to the control. Asterisks represents treatments that are significantly different from the untreated control. P<0.05.
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Figure 3.21: Relative gene expression of genes involved in proliferation, survival, migration, and apoptosis in Mia PaCa-2 cells. Gene expression was
measured following 72-hour treatment with DMSO, BSA IGF-1, NVP-AEW541 and Picropodophyllotoxin. Data is presented as gene expression levels relative
to untreated Mia PaCa-2 cells, = SD values obtained from three independent experiments. IGF-1R gene expression was downregulated in DMSO, BSA, IGF-1

and Picropodophyllotoxin treatments. The FOXO1A proliferation and survival gene was upregulated in all treatment groups and PI3KCA and AKT3 gene
expression was significantly downregulated in NVP-AEWS541 treated cells. SNAIL was upregulated in DMSO, BSA, IGF-1 and Picropodophyllotoxin
treatments, while VIM was downregulated in these treatment groups. BAX was significantly upregulated in BSA-treated cells, and BAX and BCL2 genes were
downregulated in IGF-1, NVP-AEW541 and Picropodophyllotoxin treated Mia PaCa-2 cells. A students t-test was performed to determine the differences
between mMRNA expression levels compared to the control. Asterisks represents treatments that are significantly different from the untreated control. P<0.05.
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Figure 3.22: Relative gene expression of genes involved in proliferation, survival, migration, and apoptosis in the CF PAC-1 cells. Data is presented as
gene expression levels relative to untreated CF PAC-1 cells, = SD values obtained from three independent experiments. IGF-1R gene expression was upregulated
in DMSO, BSA, IGF-1, NVP-AEW541 and Picropodophyllotoxin treatments. Proliferation and survival gene expression was upregulated in these treatments.
VIM gene expression was upregulated in DMSO, BSA, IGF-1 and NVP-AEW541 treatments, SNAIL expression was not detected. BCL2 expression was
upregulated in DMSO, BSA and NVP-AEW541 treated cells. A students t-test was performed to determine the differences between mRNA expression levels

compared to the control. Asterisks represents treatments that are significantly different from the untreated control. P<0.05.
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Figure 3.23: Hierarchical clustering of the average relative gene expression in a) HPDE, b) PANC-1, ¢) Mia PaCa-2, and d) CF PAC-1 cells.
Gene expression levels are shown relative to untreated cells. Upregulated and downregulated gene expression was represented by green and red colours,
respectively. Crosses represent relative gene expression that was not detected by gPCR. n=3
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3.8. Western Blot Analysis
The concentrations of the antibodies used for the Western Blot analysis were determined

using dot blots (Appendix C, 9.3.). Due to the minimal effects of IGF-1R modulation on the
Mia PaCa-2 cell line, western blots were performed to determine the protein expression of
targets found downstream of the IGF-1R pathway. Western blots were not performed on
HPDE, PANC-1 and CF PAC-1 cell lines due to time and budget constraints.

Western blot analysis of Mia PaCa-2 cell line showed a uniform expression of pIGF-1R
across all treatment groups, despite the untreated and IGF-1 treatment groups showing higher
expression of IGF-1R. The mTOR antibody was detected uniformly across the untreated and
diluent controls, with some expression in PPP treated cells. AKT was expressed in untreated,
IGF-1 and NVP-AEW541 treated cells, and the BAD antibody was only detected in untreated
cells. When the Bad protein is phosphorylated, it triggers a downstream pro-apoptotic
pathway, since the antibody used can only detect non-phosphorylated Bad protein, the
absence of the Bad antibody expression can be assumed that the protein is phosphorylated in
the DMSO, BSA, IGF-1, NVP-AEW541 and PPP treated cells. Thus, it is speculated that

apoptosis occurred in these cultures.

UNTREATED DMSO BSA IGF-1 NVP- PPP
AEW541
pIGF-1R — — — — - - -
155 kDa
IGF-1R — — ———

ToR _— - 238 kDa

AKT — — 56 kDa

BAD — 22 kDa

Histone H3 ——— m— Eem— p— P — - o - o 15 kDa

Figure 3.24: Protein expression in Mia PaCa-2 cells. Cell lysates were obtained from cells
treated with DMSO, BSA, IGF-1, NVP-AEW541 and Picropodophyllotoxin (PPP) for 72
hours. Western blots were generated using pIGF-1R, IGF-1R, Akt, mTOR and BAD
antibodies. Histone H3 was used as a positive control. Protein expression of pIGF-1R was
constant across all treatment groups. mTOR was not detected in IGF-1 treated cells and was
decreased in the NVP-AEW541 and PPP treatment groups. Akt expression was decreased in
DMSO, BSA, NVP-AEW541 and PPP treatments. The BAD protein was only detected in

untreated cells.
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CHAPTER 4: DISCUSSION

4.1. Overview
The IGF-1R signalling pathway is an important regulator of metastatic disease, as such this

study aimed to investigate the role of IGF-1R signalling in the different stages of pancreatic
ductal adenocarcinoma (PDAC) using a cell line model. While IGF-1R modulation has
provided information on the expression pattern of IGF-1 signal transduction in PDAC, the
IGF-1R and EGFR pathways converge on multiple levels between the PI3K/Akt/mTOR and

Ras/Raf/MAPK signalling cascades (Desbois-Mouthon et al., 2009; Valsecchi et al., 2012;
Wong, 2015). Therefore, while the effect of IGF-1R modulation on PI3K/Akt/mTOR
signalling was targeted in this study, the multiple interactions and feedback loops that exist
between IGF-1R and EGFR, add another layer of complexity to the signalling networks and
disease phenotype of PDAC. Moreover, it was found that tumours in PDAC patients can
interchange between subtypes in order to promote tumour survival and progression (Adams et
al., 2019). Stratified medicine is based on the identification of patient subgroups with specific
mechanisms of disease, or a particular response to treatment (Jamieson et al., 2014).
Heterogeneity exists between tumour subtypes, moreover, with the accumulation of
mutations and variation this heterogeneity increases as the tumour progresses. Based on this
principle, this study hypothesized that the IGF-1R signalling pathway is differentially
expressed in different stages of PDAC.

There is currently insufficient data to adequately describe the molecular characterization,
phenotype and specific biomarkers that exist within different stages of the disease. Thus, the
investigation of the IGF-1R signalling pathway and its downstream targets in PDAC cells
representing different disease stages provides understanding of the mechanisms of resistance

and thus aids in the development of effective, multi-targeting drug therapies.

4.2. The cytotoxic effects of IGF-1R inhibitors: NVP-AEW541 and Picropodophyllotoxin
This study measured used the NVP-AEW541 and Picropodophyllotoxin compounds to

compare the efficacy of these inhibitors on the IGF-1R cascade and subsequent downstream
signalling. It is to the best of our knowledge that this study is the first to report the assessment

of a comparison of the effectiveness of these IGF-1R inhibitors.

NVP-AEWS541 is a small molecular IGF-1R inhibitor that has been found to reduce

proliferation and induce an apoptotic response in several cancers including pancreatic,
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musculoskeletal tumours, breast, and gastrointestinal cancers (Scotlandi et al. 2005;
EsparisOgando et al. 2008; Adachi et al. 2009; Wong et al. 2014). In this study we found that
a similar concentration of NVP-AEW541 was required amongst all cell lines to inhibit 50 %
of the cell growth, indicating that the different stages of PDAC responded similarly to the
NVPAEWS541 IGF-1R inhibitor. However, while it was found that NVP-AEW541 was
effective in reducing the proliferative capacity of PDAC cells, it was found that

Picropodophyllotoxin had a more potent cytotoxic effects on these cells.

Picropodophyllotoxin is an ATP non-competitive IGF-1R inhibitor and exerts its function by
inhibiting the phosphorylation of Tyr1136 in the IGF-1R kinase activation loop. The
cytotoxicity of Picropodophyllotoxin has been postulated to be associated with the inhibition
of AKT activation, in conjunction with a temporary stimulation of ERK activation which
occurs via IGF-1R ubiquitination (Girnita et al. 2004; Kwak et al. 2020). Thus,
Picropodophyllotoxin influences two major downstream pathways of the IGF-1R cascade
through different mechanisms. Interestingly, normal pancreatic cells were more sensitive to
IGF-1R inhibition and therefore required lower concentrations for inhibition when compared
to the different stages of PDAC.

Although NVP-AEW541 and Picropodophyllotoxin are both IGF1-R inhibitors, we found
that the latter was more effective in inhibiting IGF-1R-related characteristics of the PDAC
cells. The variability observed in the cellular response to these compounds could be due to
the nature of the cell line and/or cell-contact survival mechanisms (Feitelson et al. 2015b). It
was found that the sensitivity of IGF-1R inhibitors such as NVP-AEW541 is negatively
influenced by cell-cell contact (Garcia-Echeverria et al., 2004; Feitelson et al. 2015). Cellcell
contact is a feature of cancerous cells which rely on both autocrine and paracrine secretions
for survival, therefore, cell-cell contact increases the ability of malignant cells to survive
(Garcia-Echeverria et al., 2004; Crowley et al., 2016; Swayden et al., 2018). On observation
of the morphology of the PDAC cell cultures, while there were fewer cells present, these
treated cells were arranged in dense colonies maintaining close cell-cell contact. Therefore, it
is possible that the PDAC cells relied on the cell-cell autocrine signalling as a mechanism of
survival when treated with the NVP-AEW541 inhibitor. Since NVP-AEW541 and
Picropodophyllotoxin act in an ATP and ATP-independent manner, respectively (Garcia-
Echeverria et al., 2004; Linder et al., 2007), the contrast in the effectiveness of these
inhibitors in PDAC cells may be due to the heterogeneity in the ATPdependent or ATP-
independent IGF-1R signalling in PDAC cells.
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4.3._The effects of IGF-1R modulation on PDAC cell survival
Cell survival is common as a means for resistance to chemotherapeutic, and biological agents

in cancer (Grasso et al., 2017) . When tumours are exposed to therapeutic agents, often
tumour cells or cancer stem cells remain dormant while the actively proliferating cancerous
cells are targeted (Rebucci & Michiels, 2013; Feitelson et al., 2015). Thus, when the stimulus
is removed from the malignant environment, tumour recurrence is common. Moreover, these
quiescent cancerous cells become somewhat ‘resistant’ to the former treatment strategy by
means of microevolutionary processes. Cancer is a microevolutionary process which allows
for the plasticity and the differential response of similar tumours to the same therapies. This
is a common phenomenon which ultimately leads to ‘heterogeneity’ of tumours (Huang et al.,
2010; Milan et al., 2021). This heterogeneity may be intra-tumoral, i.e., the presence of active
and quiescent cells within a tumour and accumulation of epigenetic modifications, or it may
be inter-tumoral, which is indicative of the differential characteristics of tumours from the
same origin but at different stages of the disease, i.e., early vs late stage PDAC (Swayden et
al., 2018; Juiz et al., 2019; Milan et al., 2021).

Cell survival mechanisms and chemo-resistance are based on the intra-tumoral heterogeneity
that exists within a specific cancer type or stage of a disease (Swayden et al., 2018). In this
study, it was found that when the stimuli or inhibitor was removed, cells were found to
recover substantially and actively proliferate in the early and late stages of PDAC cells, as
well as normal pancreatic cells. A study by Chen et al. (2021), found that some PDAC
tumour cells remain in a quiescent state and do not respond to treatment. Moreover, it was
found that these cells often provide a survival mechanism for damaged cancerous cells
through IGF-1 autocrine release from the dormant cells. This release of IGF-1 then initiates
an autophagic cell survival response in the damaged cells, resulting in the regeneration and
survival of these cells (Chen et al., 2021). In the present study, we found that despite the
effects of IGF-1R modulation on the proliferation and migration of PDAC cells, survival and
regeneration of these cells were evident when the modulator was removed. This is an
interesting phenomenon, which may indicate what occurs in vivo where a culmination of
treatment regimens causes a resurgence of the cancer which is more aggressive than before
treatment (Valle et al., 2018).

Interestingly, this was not observed in the intermediate PDAC cell line, indicating that IGF1R
signalling is not a predominantly activated cascade in this stage of the disease. Of particular

note is the desensitized response to IGF-1R modulation in proliferation and migration of

74



these cells, yet the lower survival rate in these cells when the modulator was removed. This
could indicate that there may be a delayed metabolism of these compounds in these cells. The
differences found in the response of the different cell lines further highlight the inter-tumoral
heterogeneity that exists in IGF-1R signalling in the response of PDAC cells to treatment
(Torres & Grippo, 2018).

4.4. The effects of IGF-1R modulation on PDAC migration
Studies have shown that IGF-1R is a critical regulator epithelial-to-mesenchymal transition

(EMT)-mediated tumour metastasis and drug resistance (Li et al., 2017). Additionally,
overexpression of IGF-1R was found to be associated with poor prognosis and increased
mortality in cancer patients due to this enhanced potential for migration and metastasis
(Seccareccia & Brodt, 2012; Subramani et al., 2014; Christopoulos et al., 2015).

In the present study we found that while NVP-AEW541 decreased the migratory rate of
normal pancreatic and early stage PDAC cells, migration in these cell lines was not
completely inhibited. Similar results were obtained by Esparis-Ogando et al. (2008) where
they found that NVP-AEW541 did not completely inhibit the migration of triple negative
breast cancer cells. They postulated that the continued migration in these cells may be due to
insulin receptor signalling, which is not targeted by NVP-AEW541. However, this may not
be the reason for the continued migration of PDAC cells, as treatment with

Picropodophyllotoxin, another IGF-1R inhibitor, completely inhibited the migration of cells.
Picropodophyllotoxin is a highly specific IGF-1R inhibitor that exhibits no activity at the
insulin receptor, FGFR, PDGFR or EGFR (Doghman et al., 2011; Kwak et al., 2020),
therefore the suggestions made by Esparis-Ogando et al. (2008) may not be applicable in
PDAC. Additionally, we observed that Picropodophyllotoxin had a cytotoxic effect on PDAC

cells from the intermediate and late stages of the disease.

In the present study, we also found that NVP-AEW541 increased migration of intermediate
and late stage PDAC cells compared to treatment with IGF-1. These results could also be due

to the enhanced insulin receptor signalling or another bypass signalling pathway such as

EGFR which is known to be overexpressed in these stages of PDAC (Yuan et al., 2008;
Valsecchi et al., 2012). This study reported that Picropodophyllotoxin is an effective inhibitor
in preventing migration in PDAC, with potentially cytotoxic effects on tumour cells. These

findings were similar to previous reports that found that Picropodophyllotoxin decreases the
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motility of PDAC cell lines and that NVP-AEW541 had minimal effects on these cells
(Tomizawa et al., 2010).

4.5. Dysrequlated gene expression in PDAC
Physiologically, it was proposed that IGF-1R might increase cell proliferation while the

traditional AKT and ERK pathways promote cell differentiation and survival (Lin et al.,
2017). In this study, gene expression analysis was targeted mainly at the PI3K/Akt/mTOR
signalling cascade that plays an important role in cancer growth and proliferation (Drosten et
al. 2010). The PI3K signalling cascade has been associated with nutrient uptake, storage of
energy and protein translation, as well as, IGF-1-induced cell survival, proliferation and
migration in normal and malignant cells (Park et al., 2005; Leger et al., 2006; Finlay &
Cantrell, 2010).

In PDAC, several members of the PI3K complex are upregulated, including an isoform of
PI3K and Akt (Paez & Sellers, 2003; Fitzgerald et al., 2015; Kasprzak et al., 2017). A
metastatic phenotype is often associated with increased expression of PI3K (Paez & Sellers,
2003).

Insulin-like growth factor receptor-1: IGF-1R
The IGF-1R is a tyrosine receptor that activates intracellular signalling cascades such as

PI3K/Akt/mTOR and Ras/Raf/MAPK (Valsecchi et al., 2012). The modulators used in this
study were IGF-1 and NVP-AEW541 and Picropodophyllotoxin. IGF-1 was used as a
stimulatory modulator for the IGF-1R, and both, NVP-AEW541 and Picropodophyllotoxin

were inhibitors of IGF-1R function. While these modulators target protein expression and
phosphorylation, IGF-1R gene expression is also assumed to be modulated. Therefore, the

IGF-1R gene was a target for this study.

This study found that IGF-1R baseline gene expression levels were not constant in the
different PDAC cell lines which represent the different stages of the disease. This is an
indicator that the IGF-1R pathway may be differentially activated in the different stages of
PDAC. In 1995, Freeman et al. showed that the PDAC Mia PaCa-2 cell line had an increased
IGF-1R expression, while Nair et al. (2017) noted that although IGF1-R mRNA expression
levels were low, the protein receptor expression was high in Mia PaCa2 cells.

Nair et al. (2017), therefore suggested that IGF1-R mRNA is unstable in these cells and
degrades in exponentially growing cells. The study further showed that stimulation with IGF1

resulted in activation of IGF-1R although some decrease in the expression of the protein was
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observed. Interestingly, the findings in this study were consistent with the findings of Nair et
al where lower levels of IGF-1R mRNA was observed in Mia PaCa-2 cells, when compared
to other PDAC cells. However, contradictory results were obtained in the phenotypic
behaviour of these cells when IGF1-R was modulated. Our study found that the intermediary,
Mia PaCa-2 cells were desensitized to both stimulation and inhibition of IGF-1R having a
minimal effect on the phenotypic proliferative and migratory response of these cells. These
results indicate that IGF-1R signalling is not a major signalling pathway in this stage of
PDAC. Interestingly, we found that these cells experience the long-term effects of IGF1-R

inhibition in the absence of the modulator.

It is to the best of our knowledge that this is the first instance whereby a differential

expression of IGF-1R has been reported in the different stages of PDAC.

Proliferation and Survival
The PI3K gene is often amplified in human malignancies. The PI3K protein is closely

associated with and activated by receptor protein kinases. The phosphorylation of PI3K leads
to the phosphorylation of AKT (Cejas et al., 2003). Akt is a primary mediator of PI3K
signalling and it is essential in the regulation of several downstream transcription factors that
are involved in cancer progression, including the forkhead family of transcription factors
(FOXO) and c-myc (Cejas et al., 2003; McCubrey et al., 2006; Hamacher et al., 2008).
Microarray data has shown that the PI3K/AKT signalling pathway is activated in over 60 %
of PDAC clinical samples and established cell lines (Jones et al., 2008). This pathway has
also been shown to be a mediator of chemoresistance in most pancreatic cancers (Fitzgerald
et al., 2015; Grasso et al., 2017). The PI3BKCA gene has been implicated as an oncogene is
some cancers, and in PDAC the PISBKCA gene was reported to be aberrantly expressed in
both clinical specimen and established cell lines (Altomare & Testa, 2005; Hamacher et al.,
2008).

Transcription factors, such as FOXO and c-myc, that are found downstream of Akt have
tumour suppressor-like and oncogene functions, respectively. FOXO transcription factors
have been implicated in IGF-1 mediated cell proliferation, survival, and hypertrophy
(Burgering & Medema, 2003; Stitt et al., 2004; Leger et al., 2006; Elia et al., 2009). In

PDAC clinical specimens it was found that an increased expression of proteins from the
Forkhead family were associated with an increased average survival period of patients with
PDAC (Luo et al., 2017).
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In the present study, it was observed that in early and late stage PDAC cells an increased
PIBKCA gene expression correlated with an overexpression of other genes that regulate
cellular proliferation and survival, such as AKT3, FOXO1A and MYC. Moreover, it was
found that an increased gene expression corresponded with the opposite phenotypic effects,
i.e. decreased proliferation and migration of PDAC cells. Therefore, the increased gene
expression may be as a result of an activation of a compensatory, negative feedback
mechanism in order to re-establish homeostasis, where a decreased expression of these
proteins increases gene expression as a compensatory mechanism when a tumour suppressor
function is favoured (Ross & Pawlina, 2011; Hassan et al., 2013). However, this cannot be

confirmed as protein expression was not measured in all PDAC cells used in this study.

It was also observed that inhibition of IGF-1R resulted in an increased expression of genes
involved in cell survival and proliferation, while the stimulation of IGF-1R in PDAC cells
resulted in a downregulated expression of these genes. Similar results were reported where
IGF-1R silencing downregulates AKT and stimulation of IGF-1R increases AKT expression
(Subramani et al., 2014). Additionally, it has been suggested that elevated levels of AKT3
may contribute to the aggressiveness of late stage and/or metastatic tumours and is
consistently activated in PDAC (Altomare & Testa, 2005). In this study, it was noted that
when IGF-1R is both, stimulated and inhibited, there is an increased AKT3 mRNA
expression in early and late stage PDAC cells, but decreased in intermediate PDAC cells.
These results further highlight that heterogeneity that exists both phenotypically and
genetically in the different stages of PDAC.

Migration

Epithelial-to-mesenchymal transition (EMT) is a process whereby epithelial cells
transdifferentiate to migratory cells that have mesenchymal characteristics (Vuoriluoto et al.,
2011). EMT is often associated with the ability of cancerous cells to migrate to distant organs
during metastasis (Vuoriluoto et al., 2011; Liu et al., 2019). The transcription factors that are
involved in the phenotypic changes that are associated with EMT include, Snail, Vimentin
and Slug. The overexpression of these genes is associated with a poor prognosis in several
cancers (Wang et al., 2009; Vuoriluoto et al., 2011; Santilli et al., 2016; Liu et al., 2019).

It was found that Snail expression was overexpressed in 35-80 % of PDAC surgical samples,
and has been associated with lymph node invasion and metastasis (Hotz et al., 2007).
Moreover, it has been reported that Snail upregulation is associated with the EMT-like
phenotype of metastatic PDAC sublines (Wang et al., 2009; Liu et al., 2019). In this study,
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Snail and Vimentin gene expression was found to be decreased in early and intermediate
PDAC cells but increased in late stage PDAC cells when treated with the NVP-AEW541
inhibitor. Vimentin is a mesenchymal marker that has been found in PDAC cells that are
chemotherapy-resistant (Wang et al., 2009; Giovannetti et al., 2017). Since it was found that
vimentin gene expression was enhanced in late stage PDAC cells treated with the NVP-
AEWS541 inhibitor, this may be an indicator of the resistance of these cells to IGF-1R
inhibition. In addition, treatment with Picropodophyllotoxin showed an increased expression
of Snail and Vimentin mRNA in early and intermediate PDAC cells. Since the Snail family
of transcription factors is closely associated with PI3K/Akt/mTOR signalling, and Vimentin
is transcription factor that is associated with the Ras/Raf/MAPK signalling cascade, the
observations made in this study suggest that different downstream signalling cascades are
activated when PDAC cells are treated with the different IGF-1R inhibitors (Cejas et al.,
2003; Drosten et al., 2010; Fitzgerald et al., 2015).

This indicates that the PI3K/Akt/mTOR signalling cascade may be responsible for the
regulation of migration in early and intermediate stages of PDAC via Snail, and the
Ras/Raf/MAPK cascade regulates migration in the late stages of PDAC via Vimentin. These
results are consistent with those reported by Zhang et al. (2020), who showed that Vimentin

is overexpressed in migrating, metastatic CF PAC-1 cells in vitro.

Apoptosis
In contrast to several other cancers, in PDAC the expression of the anti-apoptotic protein

BCL-2 is normal or even decreased, which may contribute to the apoptotic resistance
observed (Campani et al., 2001; Evans et al., 2001). The pro-apoptotic Bcl-2-associated X

protein

(BAX) protein has been found to be decreased in about 50 % of all PDACs (Evans et al.,
2001; Hamacher et al., 2008). Additionally, Subramani et al. (2014) showed that silencing of

IGF-1R decreases Bcl-2 and increases BAX expression in some PDAC cells.

However, observations made in the present study contrast with previous reports, where when
the relative expression of the pro-apoptotic gene BAX was analysed relative to the expression
of the anti-apoptotic Bcl-2 gene, it was found that survival was favoured across all treatment
groups in the CF PAC-1 cell line, with Bcl-2 expression being higher than BAX gene
expression even in the presence of IGF-1R inhibitors. Since this cell line was derived from a
metastatic tumour, the enhanced expression of Bcl-2 is assumed to be a contributing factor to
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tumour survival and progression of the disease (Evans et al., 2001; Hamacher et al., 2008). In
addition, since multiple apoptotic pathways have been observed in PDAC, another apoptotic
pathway that is independent of the Bcl-2 family of genes, such as the death receptor pathway
may have been influenced (Hamacher et al., 2008; Hashemi et al., 2011).

4.6._The effect of DMSO on PDAC cell lines
Dimethyl sulfoxide (DMSO) is an organic molecule commonly used in the cryopreservation

of cells, and as a solvent for pharmacological agents (Galvao et al., 2014; Verheijen et al.,
2019). It is known that DMSO is a cytotoxic agent and influences the characteristics of

cancerous cells at high concentrations.

In this study, DMSO was used as a diluent for the NVP-AEW541 and Picropodophyllotoxin
inhibitors as per the manufacturer’s instructions. As such the final working concentration of
DMSO was 0.03 % and DMSO was used as a diluent control to determine whether the
diluent influenced the behaviour of the PDAC cells. In this study, it was found that the
DMSO diluent significantly decreased cell proliferation and colony formation and affected

gene and protein expression.

Since DMSO had affected the phenotypic behaviour of PDAC cells in this study, as well as
gene expression, DMSO may not be a suitable diluent for these inhibitors as the effects of the
inhibitors used in this study may not be solely due to the mechanism of action of the
inhibitors itself, therefore providing false positive or false negative results on the efficacy of
NVP-AEW541 and Picropodophyllotoxin in modulating the IGF-1R pathway.

Published works rarely report the concentrations and results of diluent controls such as
DMSO as it is so commonly used and accepted as being non-toxic below 10 % (v/v),
therefore the effect of DMSO in in vitro studies is assumed to be negligible (Sumida et al.,
2011; Galvao et al., 2014; Verheijen et al., 2019). However, this study and previous studies
clearly shows that diluents such as DMSO has a severe effect on the phenotypic behaviour of
cells. A study by Verheijen et al. (2019) reported that a concentration of 0.1 % DMSO highly
affected cellular processes such as vesicle-mediated transport, cellular senescence, and DNA
repair. Moreover, the study also reported that DMSO had an effect on the regulation of gene
expression and translation and affected the epigenetics of cells through deregulation of the
DNA methylation pathways (Verheijen et al., 2019). Similar results were obtained in our

study where phenotypic behaviour and gene expression of cells treated with 0.03 % DMSO
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was significantly altered. Therefore, we suggest that it should be standard practice for

published works to report concentrations and data on the effects of diluents on cells in vitro.

4.7. Western Blotting troubleshooting
In this study, several setbacks were encountered throughout the western blotting technique

whereby the proteins did not separate properly on the gel or a weak, or no signal was detected
on the blot. As such, troubleshooting was done for each step of the technique to determine
what caused the hindrances. Firstly, the protein did not separate on the separating gel during
the gel electrophoresis phase of the technique. Therefore, the composition of the separating
gel was altered. The voltages and electrophoresis run times were also adjusted, this resulted
in the tanks overheating and bands that were distorted. The voltage was changed to amperes

and time extended for optimal gel electrophoresis conditions.

Another problem that was encountered was that improper or no protein was transferred to the
Polyvinylidene difluoride (PVDF) membrane, this was determined by Ponceau Blue S
staining. To find the optimal transfer conditions, protein transfer was tested at different
voltages and times. Additionally, wet, dry, and semi-dry transfer conditions were attempted
to determine which transfer setup yielded the best results. The most optimal transfer
conditions were determined using the semi-dry transfer setup at 10 volts, overnight at 4 °C. A
few blots were generated for the Mia PaCa-2 cell line before no signal was detected in all the
blots thereafter. The equipment and apparatus were properly cleaned before and after use; and
buffers were remade; this did not affect the no signal detection.

A pre-stained molecular weight marker was used a positive control to determine the transfer
efficacy. It was found that the marker transferred completely, and the Ponceau Blue stain of
the polyacrylamide gel showed that the proteins also transferred completely. The transfer
time was decreased, and voltage increased to avoid over-transfer of small proteins; this
change did not yield any signal on the blot. No signal was detected when a different
chemiluminescent kit was used, and a new substrate was added. The chemiluminescent
substrate and blot exposure time was increased, this yielded blotchy and speckled membranes
with no band signals detected. Protein concentrations were determined using the BCA assay
to see if there was a problem with the protein lysates itself, such as protein degradation or

poor quality of the proteins. These results showed no irregularities in protein quality.

81



Antibody concentrations were retested using dot blots to determine if the concentrations used
were too low, it was found that a signal was detected in proteins from dot blots but not from

proteins transferred from gels.

Due to time and budget constraints, the Western Blot technique could not be completed at

this time and will be the focus of ongoing investigation by the laboratory.

4.8. Further Studies and Limitations
A negative aspect of the ICso values in this study is that these concentrations represent the

half-inhibitory concentration in vitro and these concentrations may not be applicable in in

vivo studies or clinically.

An inadequate conclusion could be drawn on the effects of the IGF-1R modulation on
downstream protein expression in the IGF-1R pathway due to several of the western blots not
yielding results. Due to time constraints, this could not be completed in all cell lines to make
apt comparisons between the expression of proteins in the different cell lines. Therefore,
gPCR was used as an alternative technique to compare the gene expression of downstream
genes in the IGF-1R pathway. However, post-transcriptional and post-translational
modifications such as phosphorylation are not detected by gPCR. Thus, genes that appear to
be up- or down-regulated may be modified post-transcriptionally affecting the phenotypic
behaviour of the cells (Pan, Brentnall, and Chen 2020; Ansari et al., 2019). Future studies
could be done to compare gene expression with protein expression in PDAC cell lines that
have been treated with IGF-1R modulators. Another possible technique to measure protein
expression in cells could be performed using sequential window acquisition of all theoretical
fragment ion spectra mass spectrometry (SWATH-MS) to determine the proteomic
expression of IGF-1R and its downstream molecules. Expression of specific cell markers
could also be measured using flow cytometry or using immunocytochemistry or

immunofluorescent techniques.

PDAC is a disease that is characterized by the upregulation of several growth factors,

including the epidermal growth factors and fibroblast growth factors. The EGFR pathway has
been shown to be significant in PDAC development and progression. The EGFR and IGF-1R
pathways converge at several downstream proteins, thus the interlink between both pathways
could result as a mechanism of resistance to treatment of the disease. Thus, dual inhibition of

the IGF-1R and EGFR pathways will reflect the true role of not only the IGF-1R pathway in
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PDAC but also a possible mechanism of resistance to IGF-1R and EGFR inhibitor treatments
observed in PDAC.

Microarray analysis based on clinical data from different online databases suggest that there
is a role for insulin-like growth factor binding proteins (IGFBPs) in PDAC, and future studies
on the role of these binding proteins in PDAC could provide a better understanding of the
disease and possibly a novel target for a new targeted-therapy in metastatic PDAC. In
addition, the microarray analysis between PDAC cell lines and PDAC clinical data showed a
vast difference in gene expression patterns, thus showing a need for better in vitro models to
mimic the PDAC tumour microenvironment (Jones et al., 2008; Xu et al., 2016). In this way,

results obtained in in vitro studies will be more relevant and applicable in a clinical setting.

More research is needed to understand the behaviour of tumour cells following treatment, the
survival data shown in this study indicates a possible further stimulation for the aggressive
nature of metastatic PDAC cells. This could possibly explain or hint at why or how cancer

recurrence occurs clinically.
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CHAPTER 5: CONCLUSION

PDAC is a highly heterogeneous disease as multiple classifications exist in defining the
different subtypes of the disease. Some classifications are based on inter-tumoral
heterogeneity which includes histological, genomic, transcriptomic, metabolomic and stromal
subtypes (Cros et al., 2018; Milan et al., 2021). Intra-tumoral heterogeneity is driven by the
epigenetic modifications which accumulate between the different stages of PDAC exhibiting
differences between primary and metastatic tumours (Penchev et al., 2012; Cros et al., 2018).
Stratified medicine is based on the identification of patient subgroups with specific

mechanisms of disease, or a particular response to treatment (Jamieson et al., 2014).

PDAC is often detected in intermediary and metastatic stages of the disease (Hezel et al.,
2006), therefore the development of epigenetic modification which occurs as the disease
progresses may not be easily identifiable limiting the possibility of patient stratification in a
clinical setting. Therefore, this study aimed to investigate the IGF-1R signalling
heterogeneity which exists in different stages of PDAC cell lines derived from different
clinical specimens. This comparison included the variation which exists in tumours thereby
providing information on the behaviour of the different stages of PDAC, thus a possibility for
patient stratification based on the dominant signalling pathway in each stage of the disease.

The present study focused on inter-tumoral heterogeneity; primarily on the histological,
genomic, and transcriptomic heterogeneity which exists between the different stages of
PDAC. The observation between the differences existing in the expression of IGF-1R and
modulation of this pathway was assessed in cell lines representing the different stages of
PDAC. This study showed that inter-tumoral heterogeneity exists between the different stages
of PDAC where differences in the phenotypic and gene expression responses in the different
cell lines was observed. It was found that the intermediary stages of PDAC had limited
IGF1R activity, and that the early and late stages of PDAC has an increased response to IGF-
1R signalling in vitro. It was highlighted that even though IGF-1R was not a predominant
signalling cascade in the intermediate stage of PDAC, the cytotoxic effects of the compounds
used may have been metabolised by the cells at a later point.

It was further shown that PDAC cells respond differently at different stages of its
progression, showing that a single treatment for all stages of the disease is not sufficient in
improving overall patient survival. This demonstrates an urgent need for molecular subtyping

of tumours which may lead to more tailored therapies for PDAC.
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Appendix B: Solutions

1. 0.1 % BSA

Dissolve 1 g of bovine serum albumin 10 ml of phosphate buffered saline (PBS). Filter

sterilize and store solution at -20 °C.

2. 0.5 % Crystal Violet Solution

Dissolve 5 g crystal violet powder (Sigma-Aldrich) in 80 mL distilled H.O. Then add 20 ml methanol.

Store solution in the dark at room temperature.

3. Radioimmunoprecipitation (RIPA) Buffer
The following components were combined:

5ml 1M Tris-HCI pH 7.4

30 ml 5 M NaCl

5 ml 20 % NP-40

5 ml 10 % Sodium deoxycholate

0.5 ml 20 % SDS (see 8.4.)

Adjust volume to 50 mL with dH,O and store at 4 °C.
Add Protease Inhibitor Cocktail (1:1000) before use.

4. 20% SDS
Dissolve 20 g SDS in 10 ml dH,0 and store at RT

5. 10% SDS
Dissolve 1 g SDS in 10 mL dH,0 and store at RT.

6. 10% APS
Dissolve 1 g APS in 10 ml dH20O and store at 4 °C.

7. Stacking Gel Buffer (0.5 M Tris-HCI)

Dissolve 6.05 g Tris in 70 ml dH.O and adjust the pH to 6.8 using HCI.

Adjust the volume of the solution to 100 ml and store at RT.
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8. Separating Gel Buffer (1.5 M Tris-HCI)
Dissolve 18.17 g Tris in 70 ml dH,0 and adjust pH to 8.8 using HCI.

Adjust the volume of the solution to 100 ml and store at RT.

9. 6x Loading Dye

Combine the following components:

3.75 ml 1M Tris-HCI (pH 6.8)

6 ml Glycerol

1.2 g SDS

0.93gDTT

6 mg Bromophenol blue

Adjust the volume of the solution to 10 ml with dH,O and store at —20 °C in

0.5 ml aliquots.

10. Sodium Dodecyl Sulphate Polyacrylamide Gel

10.1. 10% Separating Gel

3.35 ml 30 % Acrylamide

1.25 ml 1.5 M Tris-HCI buffer pH 8.8 (see 8.8)
100 pl 10 % SDS

3.95 ml dH:0

500 pl 10% APS (see 8.6)

5 pul TEMED

Pour immediately and allow to polymerize. Pour 70% ethanol over the gel to prevent it from drying
out.

10.2. 4% Stacking Gel

Mix the following together:

6.25 pl 30 % Acrylamide

1.25 ml 0.5 M Tris-HCI pH 6.8 buffer (see 8.7)
50 pl 10 % SDS

2.83 ml dH,0
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250 ul 10 % APS (see 8.6)
2.5 ul TEMED

Immediately pour over separating gel.

11. 1 x SDS Running Buffer
Dilute

50 ml Biorad Running buffer
450 ml dH20

12. Transfer Buffer

12.1.  10x Transfer Buffer

Dissolve

30.3 g Tris base

144.1 g Glycine

In 800 ml dH,0, adjust the volume of the solution to 1 L with dH-0 and store at RT.

12.2.  1x Transfer Buffer

100 ml 10x Transfer Buffer stock
100 ml Methanol

800 ml dH,O

Store at 4 °C

13. 1X PBS-Tween
Add 1 ml Tween-20 to 1 L of 1X PBS and mix thoroughly and store at RT.

14. 3% BSA in 1X PBS-Tween
Dissolve 3 g BSA in 100 ml 1X PBS-Tween and store at 4 °C.

15. DNase incubation mix

Add 10 pl DNase | stock solution to 70 pl Buffer RDD. Mix by gently inverting the tube.
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16. Annexin V Human ELISA

16.1. Reagent Preparation

16.1.1. 1 X Wash Buffer

Dilute 25 ml of the 20 X wash buffer concentrate with 475 ml distilled water.
Mix thoroughly.

16.1.2. 1 X Assay Buffer

Dilute 2.5 ml of the 20 X Assay Buffer in 47.5 ml distilled water.

Mix gently.

16.1.3. 1 X Biotin Conjugated Antibody

Dilute 60 pl of the Biotin Conjugated Antibody with 5.94 ml of 1 X Assay Buffer.
Use within 30 minutes of dilution.

16.1.4. 1 X Streptavidin-HRP Conjugate

Dilute 60 pl of the Streptavidin-HRP Conjugate in 11.94 ml 1 X Assay Buffer.

Use within 30 minutes of diluting.

16.2. Standard Preparations

STANDARD | SAMPLE | VOLUME | VOLUME | STARTING FINAL
TO TO OF CONCENTRATION | CONCENTRATION
DILUTE DILUTE DILUENT | (ng/ml) (ng/ml)
(Y0} (Y0}
1 Stock 225 225 100 50
2 Standard 225 225 50 25
1
3 Standard 225 225 25 125
2
4 Standard 225 225 125 6.25
3
5 Standard 225 225 6.25 3.13
4
6 Standard 225 225 3.13 1.56
5
7 Standard 225 225 1.56 0.78
6
8 None - 225 - 0
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Appendix C: Supplementary data

1. BCA protein Quantification

y =-0.895In(x) + 1.9317

BCA STANDARDS

R2=0.9686
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Figure C.1. Logarithmic graph showing BCA standards for protein quantification

The protein concentrations of each sample were determined using the standard curve generated in
figure C.1 and the following was determined:

Table C.1: determination of protein concentrations for each sample

Sample mg/ml 5x Igading Protein concentration
ye g/
average X x5 x 0.8 10 25 50

HPDE UT 0.151 7.312673498 36.56336749 29.25069399 0.341872231 0.854680576 1.709361153
HPDE BSA 0.101666667 7.7270718 38.635359 30.9082872  0.323537825 0.808844561 1.617689123
HPDE DMSO 0.089 7.837208259 39.1860413  31.34883304 0.31899114  0.797477851 1.594955702
HPDE Igfl 0.076666667 7.945954585 39.72977292 31.78381834 0.314625508 0.786563771 1.573127541
HPDE NVP 0.079333333 7.922314726 39.61157363 31.6892589  0.315564338 0.788910844 1.577821689
HPDE PPP 0.083333333 7.886986739 39.4349337  31.54794696 0.316977837 0.792444593 1.584889187
PANC-1UT 1.1465 2404443384 12.02221692 9.617773536 1.039741679 2.599354196 5.198708393
PANC-1 DMSO 0.3915 5.589522453 27.94761227 22.35808981 0.447265401 1.118163502 2.236327004
PANC-1 BSA 0.8225 3.453297629 17.26648815 13.81319052 0.723945709 1.809864272 3.619728544
PANC-1 IGF-1 0.726 3.846450742 19.23225371 15.38580297 0.649949828 1.624874571 3.229749142
PANC-1 NVP 0.659 415449279  20.77246395 16.61797116 0.601758175 1.504395438 3.008790876
PANC-1 PPP 0.57 4578871242 22.89435621 18.31548497 0.545986089 1.364965222 2.729930443
Mia PaCa-2 UT 0.173333333 7.132454992 35.66227496 28.52981997 0.350510449 0.876276122 1.752552244
Mia PaCa-2 BSA  0.138 7.419662636 37.09831318 29.67865054 0.336942543 0.842356359 1.684712717
Mia PaCa-2 0.094333333 7.790644964 38.95322482 31.16257986 0.320897694 0.802244234 1.604488468
DMSO

Mia PaCa-2 Igfl ~ 0.158333333 7.253000682 36.26500341 29.01200273 0.344684926 0.861712314 1.723424628
Mia PaCa-2 NVP  0.109 7.664017414 38.32008707 30.65606966 0.326199676 0.815499191 1.630998382
Mia PaCa-2 PPP  0.069666667 8.008345384 40.04172692 32.03338154 0.312174348 0.78043587 1.560871741
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CF PAC-1UT

0.7355

3.805838416

19.02919208

15.22335366

0.656885481

1.642213703

3.284427407

CF PAC-1 DMSO

0.1035

7.711259737

38.55629869

30.84503895

0.324201244

0.81050311

1.62100622

CF PAC-1BSA

0.253

6.525009819

32.6250491

26.10003928

0.383141186

0.957852965

1.915705929

CF PAC-1IGF-1

0.29225

6.245041004

31.22520502

24.98016402

0.400317628

1.000794069

2.001588139

CF PAC-1 NVP

0.526

4.809602908

24.04801454

19.23841163

0.519793432

1.299483579

2.598967158

CF PAC-1PPP

0.268

6.41656342

32.0828171

25.66625368

0.389616659

0.974041647

1.948083293

2. Dot blots

Dot blots were used to determine the presence of the proteins of interest in each cell line as
well as the optimal antibody concentrations to be used in the Western Blot Analyses. The dot
blots demonstrated that Histone H3 Rabbit monoclonal antibody (1:1000) was bound by the
HRP-bound anti-rabbit 1gG secondary antibody (1:2000) (figure 15) and reacted with the
Supersignal® West Pico Chemiluminescent substrate efficiently. Figure 10 shows that all the
antibodies used sufficiently bound to the secondary antibody and reacted sufficiently with the
chemiluminescent substrate. Table 3.3. Shows a summary of the final concentrations of

primary antibody used for each cell line.

o Q

Histone H3

P-AKT

MTOR

’

P44/42 MAPK

IGF-1R

P-MTOR

P-IGF-1R

BAD

AKT

o

P-GSK3 P-4E-BP1

Figure C.2.: Dot Blots for the different antibodies used in Western Blotting.

Table C.2.: Summary of concentrations of antibodies used for Western Blotting as
determined by dot blots.

PRIMARY OPTIMAL
ANTIBODY CONCENTRATION
HISTONE H3 1:1000

IGF-1R 1:1000
P-IGF-1R 1:2000
AKT 1:1500
P-AKT 1:1000
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MTOR 1:1000

BAD 1:1000
P-4E-BP1 1:2000
P44/42 MAPK 1:1000

A concentration of 1:2000 was used throughout the optimization and western blots for the
HRP-bound anti-rabbit 1gG secondary antibody.

2. RNA Concentrations
Table C.3 RNA concentrations for each treatment group in PDAC cells

Untreated 209.6 2.07
DMSO 0.6 1.09
BSA 45.6 1.99
HPDE IGF-1 212.8 2.07
NVP-AEW541 51.2 2.2
PPP 88.2 2.08
Untreated 143.9 2.09
DMSO 62.7 2.05
BSA 270.6 2.09
PANC-1 IGF-1 155 2.06
NVP-AEW541 164.5 2.09
PPP 110.5 2.11
Untreated 326.1 2.09
DMSO 389.6 2.08
) BSA 73.1 2.14
Mia PaCa-2 IGF-1 322.0 2.09
NVP-AEW541 65.7 2.06
PPP 90.0 2.09
Untreated 5.9 2.07
DMSO 51.8 2.08
BSA 18.9 1.97
CFPAC-1 IGF-1 203.4 2.12
NVP-AEW541 1.7 1.99
PPP 105.4 2.09
4. Statistics

Statistical analysis was done to determine if there were any differences between the treatment groups
within each cell line.

4.1. HPDE
4.1.1. P-values for WST-1 proliferation
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HPDE DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0000* 0.0000* 0.0000* 0.0001*

BSA 0.0000* 0.0000* 0.0000* 0.0824

IGF-1 0.0000* 0.0000* 0.0000* 0.0000*

NVP- 0.0000* 0.0000* 0.0000* 0.0073*

AEW541

PPP 0.0001* 0.0824 0.0000* 0.0073*

4.1.2. P-values for Clonogenic assay
HPDE DMSO BSA IGF-1 | NVP- PPP
AEW541

DMSO 0.0020* | 0.0001* | 0.0002* | 0.0009*

BSA 0.0020* 0.5258 | 0.0333* | 0.0351*

IGF-1 0.0001* 0.5258 0.0073* | 0.0145*

NVP-AEW541 0.0002* 0.0333* | 0.0073* 0.4983

PPP 0.0009* 0.0351* | 0.0145* | 0.498366

4.1.3. P-values for gene expression

IGF1R DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0017* 0.0023* 0.0102* 0.0009

BSA 0.0017* 0.025* 0.9191 0.0009

IGF-1 0.0023* 0.025* 0.091 0.436

NVP-AEW541 0.0102* 0.9191 0.091 0.004

PPP 0.0009* 0.0009* 0.436 0.004*

AKT3 DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0092* 0.0075* 0.0036* 0.0052*

BSA 0.0092* 0.0624 0.0133* 0.0417*

IGF-1 0.0075* 0.0624 0.5909 0.5621

NVP-AEW541 0.0036* 0.0133* 0.5909 0.1191

PPP 0.0052* 0.0417* 0.5621 0.1191

BAX DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.004* 0.0023* 0.002* N/A

BSA 0.004* 0.011* 0.0075* N/A

IGF-1 0.0023* 0.011* 0.8254 N/A

NVP-AEW541 0.002* 0.0075* 0.8254 N/A

PPP N/A N/A N/A N/A
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BCL2 DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.2673 0.6191 0.0276* N/A

BSA 0.2673 0.2031 0.057 N/A

IGF-1 0.6191 0.2031 0.0087* N/A

NVP-AEW541 0.0276* 0.057 0.0087* N/A

PPP N/A N/A N/A N/A

FOXO1A DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0016* 0.0007* 0.001* <0.0001*

BSA 0.0016* 0.0217* 0.0424* 0.0084*

IGF-1 0.0007* 0.0217* 0.6945 0.0218

NVP-AEW541 0.001* 0.0424* 0.6945 0.0587

PPP <0.0001* 0.0084* 0.0218 0.0587

MYC DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0017* 0.0016* 0.0059* 0.0469*

BSA 0.0017* 0.0131* 0.2167 0.7203

IGF-1 0.0016* 0.0131* 0.3228 0.6148

NVP-AEW541 0.0059* 0.2167 0.3228 0.8967

PPP 0.0469* 0.7203 0.6148 0.8967

PI3KCA DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO N/A N/A N/A N/A

BSA N/A 0.0096* 0.0122* 0.0018*

IGF-1 N/A 0.0096* 0.3745 0.0014*

NVP-AEW541 N/A 0.0122* 0.3745 0.0014*

PPP N/A 0.0018* 0.0014* 0.0014*

SNAI1 DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO N/A N/A N/A N/A

BSA N/A 0.8733 0.2808 N/A

IGF-1 N/A 0.8733 0.4711 N/A

NVP-AEW541 N/A 0.2808 04711 N/A

PPP N/A N/A N/A N/A

VIM DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0491* 0.0232* 0.025* 0.0205*

BSA 0.0491* 0.0287* 0.0002* 0.0057*

IGF-1 0.0232* 0.0287* 0.1819 0.7734

NVP-AEW541 0.025* 0.0002* 0.1819 0.056
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PPP 0.0205* 0.0057* 0.7734 0.056
4.2. PANC-1
4.2.1. P-values for WST-1 proliferation
PANC1 DMSO BSA IGF-1 NVP- PPP
AEW541
DMSO 0.0000* 0.0005* 0.0364* 0.0000*
BSA 0.0000* 0.0000* 0.5793 0.0000*
IGF-1 0.0005* 0.0012* 0.0013* 0.0000*
NVP- 0.0364* 0.5793 0.0013* 0.0000*
AEW541
PPP 0.0000* 0.0000* 0.0000* 0.0000*
4.2.2. P-values for clonogenic assay
PANC1 DMSO | BSA IGF-1 | NVP- PPP
AEW54
1
DMSO 0.0079* | 0.423 0.4537 0.0374*
BSA 0.0079* 0.1051 | 0.0967 0.0067*
IGF-1 0.423 0.1051 0.9192 0.3962
NVP-AEW541 0.4537 | 0.0967 | 0.9192 0.3122
PPP 0.0374* | 0.0067* | 0.3962 | 0.3122
4.2.3. P-values for gene expression
IGF1R DMSO BSA IGF-1 NVP- PPP
AEW541
DMSO 0.0074* 0.0925 0.0109* 0.0068*
BSA 0.0074* 0.011* 0.7541 0.3298
IGF-1 0.0925 0.011* 0.0127* 0.0113*
NVP-AEW541 0.0109* 0.7541 0.0127* 0.07476
PPP 0.0068* 0.3298 0.0113* 0.07476
AKT3 DMSO BSA IGF-1 NVP- PPP
AEW541
DMSO 0.0909 0.0127* 0.1185 0.8605
BSA 0.0909 0.0038* 0.4714 0.0178*
IGF-1 0.0127* 0.0038* 0.01* 0.0066*
NVP-AEW541 0.1185 0.4714 0.01* 0.8
PPP 0.8605 0.0178* 0.0066* 0.8
BAX DMSO BSA IGF-1 NVP- PPP
AEW541
DMSO 0.1092 0.0003* 0.0393* 0.0298*
BSA 0.1092 0.0435* 0.6963 0.1953
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IGF-1 0.0003* 0.0435* 0.0255* 0.1727

NVP-AEW541 0.0393* 0.6963 0.0255* 0.2133

PPP 0.0298* 0.1953 0.1727 0.2133

BCL2 DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0027* 0.1036 0.0006* 0.0121*

BSA 0.0027* 0.015* 0.235 >0.9999

IGF-1 0.1036 0.015* 0.0156* 0.0188*

NVP-AEW541 0.0006* 0.235 0.0156* 0.5364

PPP 0.0121* >0.9999 0.0188* 0.5364

FOXO1A DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0035* 0.0345* 0.0027* 0.0294*

BSA 0.0035* 0.0008* 0.1344 0.0114*

IGF-1 0.0345* 0.0008* 0.0014* 0.0083*

NVP-AEW541 0.0027* 0.1344 0.0014* 0.0081*

PPP 0.0294* 0.0114* 0.0083* 0.0081*

MYC DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0017* 0.0242* 0.0018* 0.0123*

BSA 0.0017* 0.001* 0.0244* 0.0012*

IGF-1 0.0242* 0.001* 0.001* 0.0035*

NVP-AEW541 0.0018* 0.0244* 0.001* 0.0007*

PPP 0.0123* 0.0012* 0.0035* 0.0007*

PI3KCA DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0507 0.0945 0.0193* 0.1335

BSA 0.0507 0.0107* 0.2544 0.2408

IGF-1 0.0945 0.0107* 0.0005* 0.0239*

NVP-AEW541 0.0193* 0.2544 0.0005* 0.07

PPP 0.1335 0.2408 0.0239* 0.07

SNAI1 DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0891 0.0916 0.121 0.9223

BSA 0.0891 0.7185 0.9762 0.023*

IGF-1 0.0916 0.7185 0.8658 0.0176*

NVP-AEW541 0.121 0.9762 0.8658 0.0585

PPP 0.9223 0.023* 0.0176* 0.0585

VIM DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.4702 0.3496 0.4436 0.1836
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BSA 0.4702 0.0238* 0.7798 0.0004*
IGF-1 0.3496 0.0238* 0.031* 0.1707
NVP-AEW541 0.4436 0.7798 0.031* 0.0095*
PPP 0.1836 0.0004* 0.1707 0.0095*

4.3. Mia PaCa-2

4.3.1. P-values for WST-1 Proliferation
MIAPACA DMSO BSA IGF-1 NVP- PPP

AEW541

DMSO 0.6526 0.0817 0.6211 0.4724
BSA 0.6526 0.1074 0.4324 0.1074
IGF-1 0.0817 0.1074 0.2607 0.7948
NVP- 0.6211 0.4324 0.2607 0.6892
AEW541
PPP 0.4724 0.3551 0.7948 0.6892

4.3.2. P-values for Clonogenic Assay
MIAPACA DMSO BSA IGF-1 NVP- PPP

AEW541

DMSO <0.0001* 0.0006* 0.0004* 0.0327*
BSA <0.0001* 0.0559 0.0004* 0.0559
IGF-1 0.0006* 0.0559 0.0044* 0.0044*
NVP- 0.0004* 0.0004* 0.0044* 0.0001*
AEW541
PPP 0.0327* <0.0001 0.0044* 0.0001*

4.3.3. P-values for gene expression
IGF1R DMSO BSA IGF-1 NVP- PPP

AEW541
DMSO 0.4429 0.5472 0.0040* 0.0672
BSA 0.4429 0.9496 0.0104* 0.1063
IGF-1 0.5472 0.9496 0 0.1161
NVP-AEW541 0.0040* 0.0104* 0.0161* 0.1298
PPP 0.0672 0.1063 0.1161 0.1298
AKT3 DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0 0 0 0
BSA 0.0307* 0.3248 0.0516
IGF-1 0.0307* 0.0355* 0.7046
NVP-AEW541 0.3248 0.0355* 0.0037*
PPP 0.0516 0.7046 0.0037*
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BAX DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0292* 0.0461* 0.0004* 0.0004*

BSA 0.0292* 0 0.0461* 0.0163*

IGF-1 0.0461* 0.0036* 0.7351

NVP-AEW541 0.0004* 0.0461* 0.0036* 0.0006*

PPP 0.0004* 0.0163* 0.7351 0.0006*

BCL2 DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.896 0.4334 0.0923 0.1386

BSA 0.896 0.0426* 0.0125* 0.0052*

IGF-1 0.4334 0.0426* 0.0267* 0.0207*

NVP-AEWS541 0.0923 0.0125* 0.0267* 0.1577

PPP 0.1386 0.0052* 0.0207* 0.1577

FOXO1A DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0554 0.0130* 0.0042* 0.2774

BSA 0.0554 0.9468 0.0108* 0.5689

IGF-1 0.0130* 0.9468 0.0035* 0.5722

NVP-AEW541 0.0042* 0.0108* 0.0035* 0.1171

PPP 0.2774 0.5689 0.5722 0.1171

MYC DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.6188 0.1057 N/A 0.2038

BSA 0.6188 0.5537 N/A 0.3134

IGF-1 0.1057 0.5537 N/A 0.0802

NVP-AEW541 N/A N/A N/A N/A

PPP 0.2038 0.3134 0.0802 N/A

PI3KCA DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0002* 0.0033* 0.006* 0.3844

BSA 0.0002* 0.0013* 0.0002* 0.0014*

IGF-1 0.0033* 0.0013* 0.0117* 0.0039*

NVP-AEWS541 0.006* 0.0002* 0.0117* 0.0031*

PPP 0.3844 0.0014* 0.0039* 0.0031*

SNAI1 DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.023 0.7381 0.0319* 0.199

BSA 0.023 0.0076* 0.0022* 0.0041*

IGF-1 0.7381 0.0076* 0.0054* 0.575

NVP-AEWS541 0.0319* 0.0022* 0.0054* 0.0018*
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PPP 0.199 0.0041* 0.575 0.0018*
VIM DMSO BSA IGF-1 NVP- PPP
AEW541
DMSO 0.6866 0.1032 N/A 0.7764
BSA 0.6866 0.1042 N/A 0.8935
IGF-1 0.1032 0.1042 N/A 0.1014
NVP-AEW541 N/A N/A N/A N/A
PPP 0.7764 0.8935 0.1014 N/A
4.4. CF PAC-1
4.4.1. P-values for WST-1 Proliferation
CF PAC DMSO BSA IGF-1 NVP- PPP
AEW541
DMSO <0.0000* <0.0000* <0.0000 <0.0000*
BSA <0.0000* 0.971544 0.0037* <0.0000*
IGF-1 <0.0000* 0.971544 0.0123* <0.0000*
NVP- <0.0000* 0.0037* 0.0123* <0.0000*
AEW541
PPP <0.0000* <0.0000* <0.0000* <0.0000*
4.4.2. P-values for Clonogenic Assay
CF PAC DMSO BSA IGF-1 NVP- PPP
AEW541
DMSO <0.0001* <0.0001* <0.0001* <0.0001*
BSA <0.0001* 0.0013* 0.0003* 0.0013*
IGF-1 <0.0001* 0.0013* 0.0043* 0.0005*
NVP- <0.0001* 0.0003* 0.0043* <0.0001*
AEW541
PPP <0.0001* 0.0004* 0.0005* <0.0001*
4.4.3. P-values for gene expression
IGF1R DMSO BSA IGF-1 NVP- PPP
AEW541
DMSO 0.0005* <0.0001* 0.0160* 0.0014*
BSA 0.0005* <0.0001* 0.0044* 0.0007*
IGF-1 <0.0001* <0.0001* <0.0001* 0.0012*
NVP-AEW541 0.0160* 0.0044* <0.0001* 0.0012*
PPP 0.0014* 0.0007* 0.0012* 0.0012*
AKT3 DMSO BSA IGF-1 NVP- PPP
AEW541
DMSO 0.2342 0.0622 0.0039* 0.0006*
BSA 0.2342 0.0307* 0.6217 0.9443
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IGF-1 0.0622 0.0307* 0.0040* 0.0040*

NVP-AEW541 0.0039* 0.6217 0.0040* 0.0006*

PPP 0.0006* 0.9443 0.0002* 0.0006*

BAX DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0066* 0.0029* 0.0173* 0.0003*

BSA 0.0066* 0.0008* 0.0277* 0.0008*

IGF-1 0.0029* 0.0008* 0.0094* 0.0002*

NVP-AEW541 0.0173* 0.0277* 0.0094* 0.0443*

PPP 0.0003* 0.0004* 0.0002* 0.0443*

BCL2 DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0002* N/A 0.0049* 0.0003*

BSA 0.0002* N/A 0.1439 0.0047*

IGF-1 N/A N/A N/A N/A

NVP-AEW541 0.0049* 0.1439 N/A 0.0094*

PPP 0.0003* 0.0047* N/A 0.0094*

FOXO1A DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0100* N/A 0.0007* N/A

BSA 0.0100* N/A 0.0193* N/A

IGF-1 N/A N/A N/A N/A

NVP-AEW541 0.0007* 0.0193* N/A N/A

PPP N/A N/A N/A N/A N/A

MYC DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0030* 0.0164* 0.0007* 0.0004*

BSA 0.0030* 0.0003* 0.0006* 0.0021*

IGF-1 0.0164* 0.0003* 0.0005* 0.0004*

NVP-AEW541 0.0007* 0.0006* 0.0005* 0.0016*

PPP 0.0004* 0.0021* 0.0004* 0.0016*

PI3KCA DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0019* 0.0020* 0.006* 0.0020*

BSA 0.0019* 0.0604 0.0005* 0.0028*

IGF-1 0.0020* 0.0604 0.0012* 0.0030*

NVP-AEW541 0.006* 0.0005* 0.0012* 0.0045*

PPP 0.0020* 0.0028* 0.0030* 0.0045*

SNAI1 DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO N/A N/A N/A N/A N/A
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BSA N/A N/A N/A N/A N/A
IGF-1 N/A N/A N/A N/A N/A
NVP-AEW541 N/A N/A N/A N/A N/A
PPP N/A N/A N/A N/A N/A
VIM DMSO BSA IGF-1 NVP- PPP
AEW541

DMSO 0.0674 0.5971 0.005* N/A
BSA 0.0674 0.2955 N/A N/A
IGF-1 0.5971 0.2955 N/A N/A
NVP-AEW541 0.005* 0.0002* 0.0693 N/A
PPP N/A N/A N/A N/A
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