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Abstract
Introduction. Melanoma is an aggressive type of skin cancer, where the incidence has
increased dramatically worldwide over the past few decades. Norway is among the countries
with a high increase in incidence and mortality. Melanoma patients are often resistant to
available treatment, hence novel therapeutics are required. Recently, the AXL protein was
found overexpressed in several cancers types, including melanoma, and numerous inhibitors
targeting AXL protein has been developed. Furthermore, a link between AXL signaling and
DNA damage response (DDR) has newly been discovered. In this study, we investigated the
effect of a selective AXL inhibitor BGB324, both as monotherapy as well as in combination
with the checkpoint 1/2 inhibitor AZD7762, in melanoma cell lines with high AXL
expression. Methods. A panel of melanoma cell lines was investigated for AXL expression.
Two melanoma cell lines, WM1366 (N-RAS mutated) and Melmet 1 (B-RAF mutated) which
were found to express high levels of AXL, were selected for further studies. Response to
AXL inhibition by BGB324 alone or in combination with Chk1/2 inhibition by AZD7762 was
first evaluated by monitoring effects on cell viability. The effect of the respective inhibitors
was further investigated with regard to AXL expression, apoptosis, cell cycle progression and
migration. Finally, the effect of treatment when growing cells as 3D-spheroids was evaluated.
Results. BGB324 monotreatment did not affect cell viability in either of the two cell lines
with high AXL expression, but reduced the migratory potential for WM1366 cells at high
concentrations. Furthermore, a minor induction of apoptosis was observed in Melmet 1 cells
at the highest concentration of BGB324. Combination treatment with BGB324 and AZD7762
resulted in a dose-dependent reduction in viability for both WM1366 and Melmet 1 cells.
Combination treatment also induced a high degree of apoptosis and deregulated cell cycle
progression compared to BGB324 monotreatment. Further, the migratory potential of both
WM1366 and Melmet 1 cells was reduced following combination treatment. Finally, a
reduced expression of AXL protein was observed in BGB324 mono-treated 3D cultures in
contrast to 2D cultures. Conclusions. Combination treatment of BGB324 and AZD7762 was
more effective on growth inhibition, induction of apoptosis, cell cycle progression and
reduction of migratory potential in 2D cultures compared to BGB324 monotreatment. Further
analysis of 3D cultures needs to be investigated in order to conclude. Generally, our data
indicate that simultaneously targeting both the AXL and DDR pathways may be a promising
therapeutic option for malignant melanoma patients with high expression of AXL protein.
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Full name
AKT serine/threonine kinase 1
AP-1 transcription factor
ATM serine/threonine kinase
ATR serine/threonine kinase
AXL receptor tyrosine kinase
BCL associated X, apoptosis regulator
B-cell lymphoma 2
B-RAF proto-oncogene, serine/threonine kinase
Cyclin D1
Phosphotyrosine phosphatase
Cyclin dependent kinase 4
Cyclin dependent kinase inhibitor 2A
Checkpoint kinase 1
Checkpoint kinase 2
Oncogene receptor tyrosine kinase
Cytotoxic T lymphocyte antigen-4
Epithelial transcription factor
Epidermal growth factor receptor
Extracellular signal-regulated kinase
Fas associated via death domain
Focal adhesion kinase
Fibroblast growth factor receptor
Glyceraldehyd 3-phosphate dehydrogenase
Growth arrest specific 6
Guanine diphosphate
Gamma-carboxyglutamic acid
Growth factor receptor-bound protein 2
Guanine triphosphate
Hepatocyte growth factor receptor
Hypoxia factor genes
Immunoglobulin
Insulin-like growth factor receptor
Mitogen activated protein
Mitogen activated protein kinase
MDM2 proto-oncogene
Mitogen activate
MER tyrosine kinase receptor
Microphtalmia-associated transcription factor
Myeloid Zinc Finger
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NF1
NFkB
N-RAS
PD-1
PDGFR
PI3K
PROS1
PTEN
RAS
Rb
Sp-1 , Sp-3
SRC
TAM
TP53
TYRO3
VEGFR

Neurofibromin 1
Nucelar factor kappa-light chain-enhancer of
activated B cells
Neuroblastoma RAS viral oncogene
Programmed cell death protein
Platelet-derived growth factor receptor
Phosphatidylinositol 3-kinase
Protein S
Phosphatase and tensin homolog
RAS type GTPase family, proto-oncogene
Retinoblastoma, tumor suppressor protein
Specificity protein
Proto-oncogene
TYRO3,AXL,MERTK receptor tyrosine kinases
Tumor protein p53
TYRO3 receptor tyrosine kinase
Vascular endothelial growth factor receptor
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1 Introduction
1.1 Cancer
Normal cells have active control mechanisms which stop cell division, repair DNA-damages,
or induce programmed cell death (apoptosis) in response to DNA damages or chromosomal
abnormalities. Such normal cells may become cancerous when they have experienced an
initial mutation and the progeny of these cells undergoes further genetic changes, such as
additional mutations or epigenetic aberrations. This may lead to overexpression or deletion of
genes or production of dysfunctional proteins, and ultimately cause an imbalance in signaling
pathways giving rise to a cancerous phenotype [1, 2].
Uncontrolled cell growth and reduced cell death may lead to formation of a solid mass, called
a tumor. Tumors can be divided into benign (non-invasive) and malignant tumors (invasive).
Most cancer related mortalities are caused by malignant tumors because of the ability to
invade surrounding tissues, to migrate and colonize in to distant organs (metastasis). In the
present study, the focus has been on malignant melanoma which is the deadliest form of skin
cancer [1, 3].

1.1.1 Cancer genes
Genes involved in cancer development and progression can be classified into two main
groups; tumor suppressor genes and oncogenes. Tumor suppressor genes encode proteins that
regulate cell proliferation, apoptosis and DNA-damage repair. Mutations in these genes may
result in a dysfunctional protein. Reduction in activity of tumor suppressor proteins can lead
to cancer progression [2]. Example of tumor suppressor genes are BRCA1 and BRCA2,
commonly mutated in breast and ovarian cancer [4]. These genes encode proteins involved in
DNA-damage repair, and play a role in maintaining genetic stability. Mutations or alterations
in these genes lead to un-repaired DNA which may result in development of additional
genetic alterations eventually resulting in cancer progression [4]. Proto-oncogenes may
cause uncontrolled cell proliferation as a consequence of mutation or overexpression of the
gene. Once mutated or overexpressed, these genes are called oncogenes. Uncontrolled cell
proliferation or the ability to resist apoptosis typically drives the cell toward malignancy [2,
5].

1

When normal cells undergo gradual development into a neoplastic state, they typically
acquire a variety of cancer specific properties. Gradual development from a normal to a
neoplastic cell can be recognized by the obtainment of cancer specific properties, such as cell
death resistance, metastasis activation, and sustained proliferative capacity. These examples
are three of the ten hallmarks of cancers, proposed by Hanahan and Weinberg [6] (Figure
1.1), with specific relevance to this thesis.

Figure 1.1: General hallmarks of cancer: Schematic representation of the ten universal hallmarks, and the
therapeutic targeting. The important hallmarks for this thesis are marked with an asterisk. Figure is adapted from
Hanahan and Weinberg – Hallmarks of cancer [6].

Sustainment of proliferative signaling
In healthy cells, production and release of growth factors that bind to cell receptors, e.g.
receptor tyrosine kinases (RTKs), is under strict control. Binding of these growth factors to
RTKs stimulate cell proliferation by activating signaling pathways. In cancer, genetic
alterations or overexpression of RTKs may lead to continuous cell signaling even in the
absence of growth factors, and can cause uncontrolled cell proliferation [6].
Cell death resistance
Healthy cells induce senescence or undergo apoptosis as a defense mechanism against
excessive growth-promoting signals. Apoptosis is highly regulated through complex
intracellular machineries involving pro- and anti-apoptotic regulators [7]. However, cancer
2

cells are able to regulate a variety of strategies to evade or limit apoptosis. An example of this
is the previously mentioned p53 protein, encoded by the human gene TP53, which induces
apoptosis due to stress and DNA damage. In normal cells, the p53 protein level is low.
However, in response to DNA breaks and other chromosomal abnormalities, the p53 protein
contributes to growth arrest, DNA repair and apoptosis. Mutations in the p53 protein
typically lead to uncontrolled cell division and carcinogenesis [6, 8].
Metastasis activation
Cancer cells can spread and form new tumors in distant organs from the primary tumor. This
process is called metastasis. Metastasis is the main reason for the resultant mortality of
patients [6, 9]. The “seed and soil” hypothesis for metastasis has been used in studies for
malignant cancers. Metastatic cancer cells function as “seeds” and the tissue
microenvironment in distant organs (niche) serves as the “soil” [10]. One crucial step in the
metastatic process is the epithelial-mesenchymal transition (EMT) which allows a polarized
epithelial cell to undergo multiple changes that enable it to assume a mesenchymal cell
phenotype [11]. Mesenchymal cell phenotype includes enhanced migratory capacity,
invasiveness, elevated resistance to apoptosis and increased production of the extra-cellular
matrix (ECM) components [11, 12].

1.2 Receptor tyrosine kinases (RTKs)
Receptor tyrosine kinases (RTKs) are a family of cell surface receptors transducing signals
from the extracellular environment to the cytoplasm and nucleus induced by growth factors
including hormones, neurotrophic factors and other extracellular signaling molecules [13].
RTKs monomers are organized into an extracellular (N-terminal), a transmembrane and a
cytoplasmic kinase domain. The RTKs can be divided into several subfamilies including
epidermal growth factors (EGFR), vascular endothelial growth factor receptors (VEGFRs),
fibroblast growth factor receptors (FGFRs), platelet-derived growth factor receptors
(PDGFRs), hepatocyte growth factor receptors (HGFRs), c-KIT, and the TAM family
receptors (TYRO3, AXL and MERTK). They are activated via ligand-induced dimerization
that results in receptor auto-phosphorylation [13-15]. Mutations in RTKs or components of
downstream pathways such as MAPK and the PI3K-AKT, can result in increased cell
proliferation, metastasis, invasion and survival [14, 15].
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1.2.1 MAPK signaling pathway
The activity of the mitogen-activated protein kinase (MAPK) pathway can have widespread
effects on numerous downstream effectors [16, 17]. Dysfunctional MAPK signaling pathway
leads to induction of various cancer hallmarks, including increased or uncontrolled cell
proliferation [18]. The MAPK pathway is initiated by the activation of RTKs. RTK ligands
include growth factors such as EGF, HGF and FGF. One type of RTK is the epidermal
growth factor receptor (EGFR), located on the surface of the cell membrane. When a growth
factor binds to the EGFR, it leads to dimerization of monomer receptors and autophosphorylation of the tyrosine residues occurs [19]. This auto-phosphorylation recruit
adaptor proteins such as growth factor receptor-bound protein 2 (GRB2) and the guanine
nucleotide exchange factor (GEF). Activated GEF further binds and activate the membranebound RAS (a GTPase) due to catalysis of the RAS-GDP to an active GTP-state. Activated
RAS-GTP recruits RAF kinase from the cytosol and induce a conformational change of
which the kinase domain is relieved from its own auto-inhibitory domain (Figure 1.2). This
results in RAF activation, and dimerization either through homo-dimerization or heterodimerization with RAF proteins [20]. Activated B-RAF phosphorylates MEK 1 and MEK 2
which further phosphorylates and activates the extracellular signal-regulated kinase 1 and 2
(ERK). Activated ERK 1 and ERK 2 kinases phosphorylate a number of cytoplasmic
substrates and translocate into the nucleus where it interacts with transcription factors and
further regulates transcription [20, 21].

Figure 1.2: Commonly deregulated signaling pathways in melanoma. Purple glow squares indicate proteins
that can be targeted by currently available drugs. Figure is adapted from [16].
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1.2.2

PI3K/AKT pathway

The phosphatidylinositol 3-kinase (PI3K) pathway is a central signaling cascade, and
important for suppressing apoptosis and promoting cell growth. Binding of growth factors to
their respective RTKs, results in autophosphorylation of their tyrosine residues and
subsequently the activation of the receptor [17]. Upon activation, the PI3 kinase is recruited
to the membrane and directly binds to the intracellular phosphotyrosine residue of the
receptor. PI3 kinase phosphorylates the membrane-embedded phosphatidylinositol (PI),
which is converted to phosphatidylinositol-3, 4, 5-triphosphate (PIP3). This further recruits
AKT protein, which upon binding to PIP3, becomes phosphorylated and activated. Activation
of AKT initiates a cascade eventually stimulating cell growth and proliferation, as well as
inhibiting apoptosis. In normal conditions, PTEN keeps PIP3 levels low [22], which regulates
the PI3K/AKT pathway negatively [17] .
PTEN
Phosphatase and tensin homolog (PTEN) is a tumor suppressor protein and functions as a
phosphatase removing a phosphate group from PIP3. PTEN hinders activation of AKT
protein and further inhibits signaling of the PI3K pathway. Mutation in PTEN, which is
detected in ~30-40 % melanomas and approximately in ~10 % in primary melanoma [22],
leads to its inactivation. This further result in constitutive activation of AKT, subsequently
increasing the activity of the PI3K signaling pathway [22].

5

1.3 AXL
The TAM family is named according to their members: TYRO3 (Sky), AXL and MERTK,
and is a recently identified subfamily of RTKs (Figure 1.3) [23, 24]. The TAM family
receptors have two main ligands, the growth arrest-specific gene 6 (GAS6) and Protein S
(Pros 1). GAS6 and Pros 1 ligands are structurally similar and are dependent on vitamin K
(Vit-K) to activate the receptors [24-26]. All three TAMs have transforming potential,
however, AXL overexpression has most freauently been detected in various of cancer types
[27].

Figure 1.3: The TAM family receptors. Tyro3, AXL and MerTK are shown. Conserved domains include two
extracellular fibronectin type III (FNIII) and two immunoglobulin (Ig)-like domains, and a conserved kinase
domain KWIAIES sequence which is unique to TAM family of receptors tyrosine kinases (RTKs). Tyrosine
autophosphorylation sites and known SH2 domain-docking sites are shown. (*) indicate autophosphorylation
confirmed by sequence similarity or by experimental analysis. The residue numbers correspond to the human
sequence. Figure is adapted from [25].

The AXL gene was first identified as a transforming gene, isolated from human chronic
myelogenous leukaemia (CML) and encodes a 140 kDA protein [28]. AXL (also known as
UFO) consists of an N-terminal and an intracellular C-terminus. The N-terminal is formed by
two immunoglobulin (Ig)-like domains and two fibronectin type III repeats, while the
intracellular region consist of a C-terminal tail. The tyrosine kinase activity occurs at the Cterminus. GAS6 is a ligand for AXL/TYRO3 receptor tyrosine kinases and has a structure
composed of a Gla domain, four EGF-like domains and two laminin G-like domains. GAS6
6

has the highest affinity for AXL among the TAM receptors [26, 29]. AXL is ubiquitously
expressed among cell types. The biological effects of signaling through AXL, as well as
consequences of AXL overexpression or downregulation, are cell/tissue type specific [30].

1.3.1 Regulation and signaling pathway of AXL in cancer
The regulation of AXL signaling is controlled by genetic, epigenetic and microenvironmental
factors, shown in Figure 1.4. Low oxygen tension (hypoxia) under stress conditions within
the tumor microenvironment plays an important role in the activation of GAS6/AXL
signaling and AXL has been identified as a direct transcriptional target of the hypoxia factors
HIF-1 and HIF-2 [31-33]. In response to hypoxia, HIF-1 and HIF-2 activates the expression
of genes that mediate the cellular adaptive response to low oxygen tension [34]. AXL
signaling can also be regulated by epigenetic mechanisms. The upstream area of the
translational start site within the AXL promoter contains a minimal GC-rich (guaninecytosine) region sufficient for basal AXL promoter activity (depicted in Figure 1.6). Within
this region, two Sp-binding sites (specificity protein, Sp-1 and Sp-3), a myeloid zinc finger
(MZF1), and an AP-1 (activator protein) binding site are present. It has been reported that
methylated CpG sites are identified within and around the Sp-binding sites, which suggest
that methylation may regulate AXL expression [33, 35]. Finally, GAS6 binding to AXL is
regulated at the posttranslational level through proteolytic shedding of the AXL extracellular
domain. Shedding is effectuated by the metalloproteinases ADAM10 and ADAM17, and
cleavage of the AXL ectodomain function as a negative regulator of endogenous AXL
signaling [36].
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Figure 1.4: AXL regulation in cancer. Activation of AXL protein is regulated by several mechanisms
including transcriptional, translational and posttranslational. Figure is adapted from [33].

The main signaling pathway of AXL can be activated in a paracrine or autocrine manner by
ligand binding of GAS6 and subsequent homo-dimerization. This causes autophosphorylation of tyrosines in the cytoplasmic tail of AXL and the phosphorylation of
downstream targets. The majority of AXL activation is due to GAS6 ligand binding to its
extracellular domain. However, several studies have in addition demonstrated that AXL
activation and auto-phosphorylation may occur independently of the GAS6 ligand binding or
by cross-talk with other RTK receptors through hetero-dimerization [30, 37-39]. In addition,
AXL can homophillically bind extracellular domains on opposite cells and cause cell
aggregation, independent of GAS6 ligand binding [40]. AXL has also been inversely
associated with Microphtalmia-associated transcription factor (MITF) which is a regulator of
melanocytes differentiation and survival [41, 42]. A previous study has indicated that AXL is
a molecular biomarker for human melanomas lacking MITF [42].

AXL signaling is associated with various cancer hallmarks including proliferation, invasion,
survival, metastasis, angiogenesis in addition to resistance to chemotherapeutic and targeting
drugs [39, 43]. Furthermore, AXL has been found to be upregulated in several other types of
cancer, such as breast, prostate, lung, leukemia, pancreatic cancer, head and neck squamous
cell carcinoma and melanoma [44-49]. The ability of AXL signaling to promote tumor
growth has been associated with activation of downstream pathways including MAPK,
8

PI3K/AKT, and FAK/Src/NFKB signaling [38, 45, 50, 51]. Nonetheless, AXL is found
overexpressed in melanoma, and it has been shown that AXL expression is more frequent
among N-RAS mutated compared to B-RAF mutated melanomas [42, 52]. In malignant
melanoma, the AXL receptor has been demonstrated to promote metastasis, cell survival and
drug resistance [42, 53].

1.3.2 AXL inhibition as a therapeutic strategy
AXL is a key driver of cancer cell migration, immune evasion and drug resistance. Studies
have found that low MITF/AXL ratio predict resistance to multiple targeted cancer drugs. An
example is that melanoma cells which had low or lost MITF expression after prolonged
exposure to B-RAF inhibitor (PLX4720), showed strong upregulation of AXL [42, 49]. The
discovery of high expression of AXL in primary tumors and metastases in comparison to
normal tissues has led to the development of AXL inhibitors that have been tested in studies.
Three classes of AXL inhibitors have been developed; small selective molecules tyrosine
kinase inhibitors that directly blocks AXL kinase activity (by binding to its intracellular
kinase domain), anti-AXL antibodies, and soluble AXL decoy receptors.

1.3.3 AXL inhibitor Bosutinib, BGB324
BGB324 (previously Rigel`s Pharmaceuticals R428) was the first selective AXL inhibitor to
be developed and entered phase I clinical studies (Figure 1.5) [30, 54]. BGB324 binds to the
intracellular catalytic kinase domain of AXL and inhibits AXL-dependent events, including
AKT phosphorylation [54].

Figure 1.5: The role of AXL protein and the activity of the receptor tyrosine kinase inhibitor BGB324.
Figure is adapted from [55].
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A planned Phase II clinical collaboration will evaluate the combination of BGB324 and antiPD-1 therapy Keytruda® (Pembrolizumab) in triple negative breast cancer (TNBC) and
adenocarcinoma of the lung. Clinical trials of BGB324 in combination with Erlotinib,
Dabrafenib or Tramentinib will also be evaluated. In additional to these small molecule
inhibitors, BerGenBio is also developing different types of biological substances, including
antibody drug conjugates (ADC) and an anti-AXL kinase antibody, which are currently in
preclinical stage [30, 55].

1.4 Malignant melanoma
Melanocytes are highly differentiated cells originating from embryonic neural crest cells
(melanoblasts). They are found in several areas of the human body, predominantly in the skin
and hair-follicles and pupils of the eyes, but also in the inner ear, nervous system and heart.
Melanocytes in the skin are localized along the basement membrane in the basal layer of the
epidermis. Dark pigment melanin is produced by melanocytes, in organelles called
melanosomes [56-58]. Melanocytes are a highly stable population of cells that rarely
proliferate under normal conditions. In rare cases, accumulation of genetic mutations in
melanocytes may occur. These mutations may inactivate tumor suppressor genes and activate
proto-oncogenes, resulting in the melanocytes evolving into malignant melanoma [56, 59].
Malignant melanoma is one of the most aggressive and treatment resistant human cancer
types. The incidence of malignant melanoma has increased dramatically worldwide over the
past few decades. The highest incidence in Europe is found in Switzerland, Norway, Sweden
and Denmark [59, 60]. Risk factors for malignant melanoma can be genetic or environmental,
with ultraviolet radiation (UVR) through sun exposure being the most important [58].

1.4.1 Disease progression of malignant melanoma
Development of malignant melanoma can be divided into five stages as shown in Figure 1.6.
Initially, an uncontrolled proliferation of normal melanocytes finds place along the basal
layer, resulting in the formation of a benign nevus. The progression continues with an
abnormal growth of the melanocytes, called dysplastic nevus. Furthermore, melanocytes can
acquire the ability to proliferate horizontally in the epidermis, called radial growth, followed
by vertical growth, in which the loss of E-cadherin and expression of N-cadherin allows
malignant cells to invade the basement membrane. Finally, the malignant cells can spread to
10

distant sites of the body (metastatic melanoma), usually first to lymph nodes, subsequently to
the lungs, soft tissues and the brain [61-63]. Several susceptibility genes have been identified
in melanoma, where mutations in the B-RAF and N-RAS genes are the most frequent genetic
alterations leading to development of melanoma. Mutations in the CDKN2A and CDK4 genes
are also frequently occurred, and are associated with heredity. CDKN2 mutations occur in
sporadic tumors. Furthermore, spontaneous DNA mutations, which may occur at any of the
five stages of melanoma development, can also lead to cancer progression [64].

Figure 1.6: Stages of melanoma progression. The malignant transformation of normal melanocytes is
described as a multistep process. It starts with molecular aberrations transforming a benign nevus into a
dysplastic nevus. The next stage is the radial-growth phase where tumors can proliferate horizontally. In
vertical-growth phase, malignant cells invade the basement membrane, proliferate vertically and spread to other
areas of the body. Figure is adapted from [65].

1.4.2 Molecular alterations in melanoma
The majority of the activated proto-oncogenes in malignant melanoma are the MAPK
pathway encoded proteins [21, 66]. Various genetic changes have been identified: B-RAF
mutated

(v-rafmurine

sarcoma

viral

oncogenes

homolog

B1),

N-RAS

mutated

(neuroblastoma RAS viral oncogenes homolog) and NF1 mutated (neurofibromatosis type 1).
Activating mutations in the B-RAF gene have been found in approximately 50 % of
cutaneous melanoma [67]. 90% of these mutations display a valine to glutamic acid
substitution (V600E), causing constitutive kinase activation [68] that allows for constitutive
activation

of the MAPK pathway, growth factor binding-independence and RAS-GTP
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stimulation [21, 68]. PI3K/AKT pathway is another downstream pathway from RTKs or
RAS, which regulate cell proliferation, survival and migration and [17]. PI3K/AKT signaling
is also found to be frequently activated in melanomas [69]. Mutations or amplification in NRAS gene and loss of phosphatase and tensin homolog (PTEN) protein may result in the
activation of AKT. High levels of active AKT have been associated with poor survival rates
in melanoma patients [69].

1.4.3 Treatment of malignant melanoma
A better understanding of genetic and molecular mechanisms have resulted in the
development and approval of new drugs, identified to have an effect in the treatment of
malignant melanoma [65, 70]. Increased MAPK activity is mainly caused by B-RAF and NRAS mutations [18]. B-RAF can be selectively inhibited by novel targeted therapeutic agents
such as vemurafenib, dabrafenib or encorafenib. Vemurafenib is associated with a rapid
response in 50-80 % of the patients with a median progression-free survival of 6-10 months
and an overall survival of 16-20 months in patients with metastatic melanoma [67]. Even
though patients respond to vemurafenib, the duration of response tend to be short because
MAPK pathway is reactivated through bypass pathways [18, 71, 72]. Therefore, combination
therapy is currently being evaluated in clinical trials. The patients receiving the combination
treatment showed a longer progression-free survival (9.9 vs. 6.2 months) and a longer overall
survival (22.3 vs. 17.4 months) [67, 72]. In one study, B-RAF and MEK (trametinib)
inhibitors in combination resulted in more long-termed responses compared to B-RAF
inhibitor alone [70]. However, even patients treated with the combination of B-RAF and
MEK inhibitors eventually become resistant to the treatment [73]. Another MEK inhibitor,
binimetinib, is the only targeted therapy for patients with N-RAS mutated melanoma and has
been demonstrated to increase progression-free survival with 2.8 months [70, 74].
T-cell regulatory immune therapies have also been approved for treatment of malignant
melanoma. One example is the human anti-cytotoxic T lymphocyte antigen-4 (CTLA-4)
monoclonal antibody Ipilimumab. In an earlier study, the median overall survival of patients
treated with this monoclonal antibody was reported to 10.1 months [75]. Pembrolizumab is
another monoclonal antibody targeting the PD-1 receptor, a negative regulator of T-cell
effector mechanisms that limits the immune responses against cancer. Studies have
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demonstrated a high rate of sustained tumor regression in patients treated with
Pembrolizumab [76].

1.5 The cell cycle
The human cell cycle is divided into four phases, Gap 1 (G1), DNA synthesis (S), Gap 2 (G2)
and Mitosis (M) [77]. Depending on the conditions of the cell environment and the presence
of mitogens, the decision for a cell in G1 phase to grow or progress through the cell cycle is
strictly regulated by cyclin-dependent kinases (CDK). In the S phase, synthesis of DNA
occurs and the genome is duplicated. In the G2 phase, the cell prepares for division. The G2
phase is followed by the M phase where the cell physically divides itself in two identical
daughter cells. There is also another phase called G0 phase (quiescence) where cells remain
dormant until stimulated to re-enter the cell cycle [77].
Rb
Retinoblastoma (Rb) is a tumor suppressor protein which in its active form is
dephosphorylated. Rb functions to inhibit transition of the cell through the restriction point
(R-point) by binding and inhibiting the E2F transcription factor. At the R-point, Rb becomes
hyperphosphorylated and can no longer bind E2F. This leads to inactivation of Rb whereas
E2F is free to induce transcription of genes involved in DNA replication (especially in the Sphase of cell cycle). Cells with mutated and defect Rb protein experience an uncontrolled and
rapid proliferation, and typically occur in cancer cells [78].

1.5.1 DNA damage response
DNA damage is a common event in cells. If the cells are unable to repair the damage or
apoptosis is not induced, cancer may be the result [79]. Following DNA damage the cells
initiate a DNA damage response (DDR) program starting with activation of proteins such as
telangiectasia mutated (ATM) or ataxia telangiectasia (ATR). Activation of these proteins
leads to activation of the effector kinases, checkpoint kinase 1 and 2 (Chk1 and Chk2;
serine/threonine kinases) [79]. Chk1 and Chk2 are then able to delay cell cycle progression
through the G1, S, or the G2 phase by phosphorylation downstream proteins.
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1.5.2 Chk1 and Chk2
Checkpoint 1 and checkpoint 2 are activated through different mechanisms (Figure 1.7) [80].
Chk1 plays an essential role in cell cycle regulation and DNA damage response by regulating
CDK inhibitors such as Cdc25a, Wee1 and p53. Cdc25a is a phosphatase that controls CDK1
and CDK2 activities [81]. ATR activates Chk1 in response to single stranded DNA breaks.
Activated Chk1 phosphorylates Cdc25a inducing its degradation, thereby inhibiting CDK
activity. Chk1 further regulates G1/S transition, S phase, mitotic entry, and M phase where it
stops progression in response to single stranded DNA breaks [82, 83]. Chk2 is activated by
ATM in response to double strand breaks [83], and it is stably expressed throughout the cell
cycle. Chk2 activates the p53 protein in response to DNA damage in G1/S phase leading to
cell cycle arrest or apoptosis [83, 84]. Inhibition of checkpoint kinases abrogates DNA
damage-induced cell cycle arrest allowing cells to enter mitosis despite the presence of DNA
damage, which can lead to cell death [79, 85, 86].
P53
P53 is a tumor suppressor protein that is activated in response to cellular stress such as lack
of nucleotides, UV-radiation, hypoxia, oncogenic signaling and blocked transcription [8].
Depending of the severity of the cellular stress, p53 can initiate cell cycle arrest, DNA repair,
block of angiogenesis or induction of apoptosis. P53 is an unstable protein which is normally
expressed at low levels [8, 87]. MDM2 is a protein that binds to p53 and recruit a complex
which ubiquitinylate p53, leading to its degradation. Under cellular stress, some kinases such
as ATM, Chk1 and Chk2 prevents MDM2 association with p53 [88]. P53 functions by
entering the nucleus an d activates transcription of genes, for example p21, which is a cyclin
dependent kinase complex inhibitor.
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Figure 1.7: Checkpoint regulation by the DNA damage response. In response to DNA single-stranded
breaks (SSB) ATR is activated, and further phosphorylates Chk1 and p53. Activated Chk1 promotes cell cycle
arrest. In response to DNA double-stranded breaks (DSB) ATM is activated which further phosphorylates p53,
directly or indirectly through Chk2. Activated Chk2 promotes cell cycle arrest. Figure is adapted from [80].

1.5.3 Dual Chk1/Chk2 inhibitor AZD7762
AZD7762 is an ATP-competitive and selective checkpoint (specifically target checkpoint
kinases Chk1 and Chk2) inhibitor, which has been used in vitro and in vivo in combination
with DNA-damaging agents [89, 90]. AZD7762 enhances the efficacy of chemotherapy and
radiotherapy. Inhibition of Chk1 and Chk2 by AZD7762 prevents cell cycle arrest and
nucleotide excision repair in DNA-damaged tumor cells (abrogates DNA damage-induced S
and G2 checkpoints) which results in apoptosis [89, 90]. It has been reported that AZD7762
induces caspase 3/7-mediated apoptosis in breast cancer cells [91].

1.5.4 Apoptosis
Programmed cell death can be induced either through the intrinsic or the extrinsic pathway.
The extrinsic pathway is activated by interaction of ligands, such as Fas ligand (member of
the tumor necrosis factor receptor family) to its death receptor Fas, subsequently activating
the receptor on the cell surface. Adaptor proteins, such as FADD, bind to the intracellular
region of the activated death receptor, resulting in the recruitment and activation of the
initiator caspases 8 or 10. This further activates effector caspases such as caspase 3 and 7
(Caspase-3/7). Activated Caspase-3/7 are effector molecules and early markers of apoptosis
[92]. The intrinsic pathway (mitochondria-mediated death pathway) is a process of cell death
which is triggered by internal signals. The induction of apoptosis through the intrinsic
pathway can be mediated by lack of essential nutrients, growth factors and hormones as well
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as cell processes such as hypoxia, free radicals, chemicals and drugs which disturbs the cell
homeostasis [93]. Normal cells have a protein called Bcl-2 on their mitochondrial
membranes, which normally inhibits apoptosis. When cell is damaged, it stimulates a protein
called Bax to move onto the outer mitochondrial membrane and inhibit Bcl-2. Cytochrome c
is then released from the mitochondrias and causes the assembling of a protein complex
called apoptosomes which bind to and activate caspase-9 [7]. This further activates the early
markers of apoptosis, caspase-3/7.
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2 Aims of the study
The main goal of the study was to evaluate the effect of a selective small molecule inhibitor,
BGB324, targeting the receptor tyrosine kinase AXL, in melanoma cell lines. A sub-goal was
to evaluate the effect of BGB324 when used in combination with a Chk1/2 inhibitor,
AZD7762.
In short we aimed to:


Identify cell lines which express AXL protein from a panel of ten melanoma cell lines



Evaluate the efficacy of BGB324 monotherapy with regard to cellular processes such
as cell viability, apoptosis, cell cycle and cell migration.



Evaluate the efficacy of BGB324 monotreatment in combination with AZD7762 with
regard to cellular processes such as cell viability, apoptosis, cell cycle and cell
migration.



Evaluate the efficacy of BGB324 on AXL expression in 3D cell cultures. Evaluate
BGB324 monotreatment and in combination with AZD7762 on 3D cell cultures.
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3 Methods
3.1 Cell lines
In this study, we analyzed AXL protein expression in a panel of 10 melanoma cell lines,
listed in Table 3.1. Since WM1366 cells and Melmet 1 cells expressed high level of AXL,
these melanoma cell lines were used as models system. Melmet 5 cell lines were used as a
negative control. WM1366 (which was received as a kind gift from Professor Meenhard
Herlyn at the Wistar Institute, Philadelphia, PA, USA) was established from a primary
melanoma. The Melmet 1 and Melmet 5 cell lines were established from lymph node
metastases from patients treated at the Norwegian Radium Hospital. All experiments were
performed under sterile conditions. The cell lines were tested for mycoplasma infection and
confirmed negative by technicians at the Department of Tumor Biology, The Norwegian
Radium Hospital using Venor®GeM Mycoplasma detection kit for conventional Polymerase
Chain Reaction (PCR).
Table 3.1 Cell lines in the present study.
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3.1.1 Cell culturing
For all experiments, the cell lines were first cultured in T25/T75 cell culture flasks (twodimensional cultures) with RPMI medium supplemented with 5% L-glutamine (Sigma
Aldrich) and Fetal Bovine Serum (FBS, 10%, Sigma Aldrich) hereafter referred to as RMPI+
for the optimization of growth conditions. The medium was pre-heated in a water bath at
37C for 20-30 minutes. The medium uses a sodium bicarbonate buffer system (2.0 g/L)
which requires a CO2 level of 5-10% to maintain the physiological pH of 7.2-7.4. The cells
were grown in an incubator at 37°C with 5% CO2. The medium was changed and cells were
passaged once or twice a week depending on the cell confluence, which was monitored daily
using a light microscope. A complete list of all the materials used during this thesis is
included in the “Material”-section.
Every 2-3 days (depending on the cell type), the cells were routinely passaged after reaching
approximately 80-90% confluence. The used medium was discarded and the cells were
washed twice with phosphate-buffered saline (PBS; Sigma Aldrich) to remove all the dead
cells and residual proteins. The cells then incubated for 2-3 minutes at 37°C in the presence
of Trypsin-EDTA to detach the cells from the flasks. Trypsin, a member of the serine
protease family, cleaves peptide chains on the C-terminal side of lysines or arginines. After
incubation, the cells were observed under a light microscope to confirm complete
detachment. If necessary, the side of the flask was hit against the bench until the cells were
properly detached. 10 mL of pre-heated, fresh RMPI+ was added to inactivate the function of
trypsin. The cell suspension was pipetted up and down a few times to ensure that all the cells
were detached from the flask and from each other. The cell suspension was transferred to a
15-mL tube and centrifuged at 1000 RPM for 5 minutes. After centrifugation, the supernatant
was removed and fresh RMPI+ was added. Finally, depending on the cell pellet, an amount
of re-suspended cells were transferred to a new T-75 flask, 10 mL fresh RMPI+ was added
and subsequently the flask was placed in the incubator.
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3.1.2 Cell Counting
For cell counting and viability measurements, Countess Automated Cell Counter,
Countess® cell counting chamber slides and Trypan blue stain (Thermo Fisher Scientific)
was used. Countess® cell counting chamber slides allow separation of the samples into two
separate enclosed chambers. Trypan blue was mixed 1:1 with the suspended cells. Trypan
blue enters only the membrane of non-viable cells.

3.1.3 Spheroid cell cultures
Spheroid cell cultures are cells grown as three-dimensional (3D) aggregates. About 200 µl of
1 % agarose were added to a 24-wells plate. When agarose stiffens, it forms a minic that
becomes like a well. Cells are seeded on agarose plate, and treated with drugs. 3D culture
models more closely resemble in vivo tumors compared to two-dimensional monolayer
cultures which lack cell-cell interactions, cell-extracellular matrix (ECM) interactions and
cell populations. In this thesis, 3D cell culture models were used to examine the expression of
AXL as well as drug-response and compare it to 2D cultures.
A 1 % solution consisting of PBS supplemented with agarose and pre-warmed media was
diluted from a 4 % solution. Four to five drops of the 1% agarose solution was applied to a
plate and incubated at room temperature until dry. Further, 500 µL of cells, treatment and
media (approximately 1.5x105 cells in each well) were applied to the prepared spheroid 24wells plate. The plate was incubated for 24 hours and pictures were captured by microscope.

3.1.4 Cell Freezing and thawing
For storage, cell cultures which had reached approximately 80-90 % confluence were
washed, trypsinized, counted and centrifuged at 1000 rpm for 5 minutes. The cell pellet was
re-suspended in 90 % FBS supplemented with 10% Dimethyl sulfoxide (DMSO), partitioned
in cryotubes (approximately one million cells per vial) and stored at -80 °C. For long term
storage, the vials were transferred to liquid nitrogen tanks.
For cell retrieval, the cryotubes were pre-heated. Ten mL of pre-heated medium was
transferred to a 15-mL tube, the cell sample was gently transferred into the tube with the
media and the tube was centrifuged at 1000 RPM for 5 minutes. The supernatant containing
toxic DMSO was removed, fresh medium was gently added to the cell pellet and the solution
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was further seeded in T75 flasks. The medium was changed the subsequent day to remove
dead cells and the remaining DMSO. To allow cells to reach an exponential growth, cells
were cultured at least for one week before they were used in experiments.

3.1.5 Drug treatment of cells
For experiments involving drug treatment, culturing plates (6/12/96-well) or T-25 flask were
used dependent on the experiment. Cells were seeded at specific concentrations 24 hours
prior to drug treatment. Cells were treated with either the selective receptor tyrosine kinase
AXL inhibitor, BGB342 (also called R428 which is originally received from BerGenBio AS)
or the dual CHK1/2 inhibitor, AZD7762. BGB342 and AZD7762 were both dissolved in
DMSO in a final stock concentration of 10 mM and 1 mM, respectively. For use in
experiments, the inhibitors were diluted in complete growth media. To ensure that cell
growth was not affected by DMSO, cells treated with DMSO only were included in all assays
as control.

3.1.6 Cell lysates
Some proteomics research methods such as Western blotting and simple western (automatic
western blot) require cell lysis. Cell lysis is a process in which cell membranes are broken
down. Approximately 700 000 cells were seeded in T25 flasks for 24 hours and subsequently
treated with drugs for 24 hours. After treatment, cells were scraped from the surface of the
culture flask using a rubber policeman (Fisher Scientific). Scraping was preferred to use for
harvesting cells, to include all the proteins. The cell suspension was transferred to a precooled 15-mL tube and spun down at 1000 RPM for 5 min. The medium was removed, and
the pellet washed in 5-mL cold PBS by pipetting up and down few times, and centrifuged at
1000 RPM for 5 minutes. The PBS was removed by pipetting and the tubes were placed on
ice. Lysis buffer was prepared by mixing RPPA buffer (see “material” for recipe) with
phosphatase and protease inhibitors (PhosSTOP and Complete). Depending on the size of the
cell pellet, usually between 50-100-µL lysis buffer was added, and incubation was performed
on ice for 15-20 minutes, before sonication and centrifugation at 4 °C and 13 000 RPM, for
10 minutes. The supernatant, which contains the proteins, was transferred to new pre-cooled
Eppendorf tubes and stored at -20 °C.
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3.2 Protein concentration measurements
The total protein concentration of the cell lysates was measured using the colorimetric BioRad protein assay kit (BioRad Protein Assay). This procedure was based on the Bradford
dye-binding method, where it involves Coomassie®Brilliant Blue G-250 (Bio-Rad). This
acidic solution binds to arginine and aromatic amino acid residues, and the dye, in response
to various concentrations of protein, induces a change in color and thus, absorbance. The
higher the protein concentration, the more Coomassie is bound and the samples are darker.
BioRad solution was diluted 1:5. Distilled H2O was used as background control.
Bovine Serum Albumin (BSA) (Sigma-Aldrich), 1 mg/mL was used as a standard stock to
make a relative standard curve consisting of five dilutions. All dilutions were made in
distilled H2O (20 µl) to avoid phosphate interference and 200 µL of dye reagent was added
(225 µl total volume). The standard curve equation was used for assessing protein content in
unknown samples.
BSA standard samples and protein lysates (5 µl) were incubated at room temperature for 5
minutes for color development, and 200 µL of each sample was transferred in duplicates to a
96 well plate. The absorbance was measured at wavelength 620 nm using ModulusTM
Microplate (Promega). The protein concentrations in the cell samples were calculated by
comparing to the standard curve, with protein concentration at the x-axis and absorbance at
the y-axis.

3.3 Western Immunoblotting
Western immunoblotting is a method that utilities antibodies to detect the presence of a
protein in a cell sample. In summary (detailed description below), the protein samples are
exposed to sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) which
separates the proteins based on molecular size. In this gel electrophoresis, the proteins move
as a result of being in an electric field. A gradient gel with layers of increasing acrylamide
concentration is used; the largest proteins moves slower through the porous acrylamide gel
than lower molecular weight proteins. A list of all the materials used for this work is provided
in the “Materials”-section.
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3.3.1 Sample preparation
After measuring the protein concentration, protein samples were mixed in a volume of 20 µL
+ 5 µL GB (x6) (Bio-Rad) loading buffer, to a total volume of 25 µL. Based on the protein
concentration calculation, required volume of each sample were determined to load equally in
all wells. Add lysis buffer so the total volume becomes equal or adjusts the concentration on
the samples so that it is equal so that the total volume in the wells becomes the same. All the
sample tubes and the standard ladder (Thermo Fisher PageRuler™ prestained protein ladder)
were heated at 95ºC for 3-5 minutes using a heat block, to ensure that all the samples were
completely denatured, vortexed, spun down and placed on ice.

3.3.2 Running the gel
4-20% Citerion™ TGX™ Precast Midi Protein Gels and MES running buffer was used to
separate the proteins. The comb was removed from the gel; the film peeled of the bottom, and
the inner chamber filled with running buffer (1xMES). Wells were washed 3x with the
running buffer using a 1 mL pipette. The running buffer, MES, is most suitable for proteins
of small and medium size and was therefore chosen. Samples were loaded on the gel with a
special narrow pipette tip. One well was used for protein marker. The gel was first run for 30
minutes at 130 V, before increasing to 150 V for 50 minutes.

3.3.3 Transfer of proteins
The PVDF membrane (Immobilon-P 0.45 µm pore size) was prepared by cutting a piece the
same size as the gel, activated using 100% methanol for approximately 2 minutes and washed
twice with distilled water. The membrane was kept in transfer buffer to not let it dry out.
After separation, the gel was released from the frame by breaking the cassette and the gel was
put into the transfer buffer (Turbo Blot transfer buffer (Bio-Rad)). The “sandwich” for
blotting was assembled, soaked in transfer buffer; 2 layers of “self-cut” cloth, 1 layer of
Biorad filter paper, membrane, gel, 1 layer of filter paper (Bio-Rad), 2 layers of “self-cut”
cloth (Bio-Rad). Air bubbles formed between gel and membrane was removed. Proteins were
transferred from the gel to the membrane using the Trans Blot Turbo transfer system (BioRad) for 7 minutes (mixed Molecular Weight (MW) program).

23

3.3.4 Control staining of transfer
After transferring proteins, the membrane was placed into a dish with 0.1% amido black and
incubated for approximately 3 minutes. The amido black was removed and the membranes
washed with the distaining solution (90% MeOH, 2% acetic acid, 8% H2O) a few times to
until the liquid was clear and protein bands appeared. This was done to check if the proteins
has been successfully transferred and as a control of protein loading. The membrane was kept
in Tris Buffer Saline Tween buffer (TBST-T) (see “materials” for recipe). The membrane
was placed between two plastic sheets, sealed air tight to avoid drying out, and a picture of
the stained membrane was taken.

3.3.5 Antibody hybridization and visualization
After gel transferring and staining, the membrane was blocked in 5% non-fat dry milk
dissolved in 0.1% TBS-T for 1 hour at room temperature under agitation, to reduce nonspecific binding. Primary antibodies were diluted in 5% milk or 5% BSA in 0.1% TBS-T.
The membranes were incubated with a primary antibody that targeted the protein of interest,
at 4 ºC overnight with agitation. If the primary antibody was in 5% BSA (detection of
phosphoproteins), the membrane was rinsed with 0.1% TBS-T after blocking step and if it
was in milk there was no need to rinse.
The membrane was washed three times for 10 minutes each with washing buffer, 0.1% TBST, to remove excess antibody solution, before incubation with a secondary antibody
conjugated with the Horseradish Peroxidase (HRP) enzyme. The secondary antibody was
diluted in 5% milk in 0.1% TBS-T (1:5000). The membrane was incubated in plastic bag for
1 hour at room temperature (RT) with agitation and washed three times for 10 minutes. West
Dura Kit™ 1:1 (Thermo Scientific) was used for detection. HRP catalyzes the oxidation of the
West Dura substrate luminol that creates a detectable emission of light. Emitted light was
measured using a luminescent detections apparatus (Syngene™) with the supplied GeneSnap
program.
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3.4 MTS assay – measuring cell viability
MTS cell proliferation assay uses absorbance to measure the cell viability. This colorimetric
assay is based on breakdown of a tetrazolium dye compound to a colored formazan product
by NAD(P)H-dependent dehydrogenase enzymes in metabolically active cells. The number
of viable cells present is directly correlated to the color intensity provided by the formazan
product. In this thesis, we used this assay to evaluate the efficacy of the selected inhibitors by
measuring the number of remaining viable cells quantitatively, after treatment. A list of all
the materials is provided in the “Materials”-section.
5000 cells were seeded in a 96-well microplate and incubated for 24 hours. The cells were
treated with inhibitors and further incubated for 72 hours. After treatment, 20 µL CellTiter
96® AQueous One Solution Cell Proliferation Assay MTS reagent (Promega) was applied to
each well with cells followed by 1 hour incubation at 37 ºC with 5% CO2. The absorbance
was measured at 490 nm, by the plate reader (Wallac Victor™).

3.5 Simple Western immunoassay
Simple Western immunoassay is a method used for separating proteins based on size or
charge to analyze protein expression. In this study, only protein measurements based on size
were used. This method is a semi-automated Western blotting, where all the steps are run by
a robotic instrument (Peggy Sue™). It requires a very small amount of protein and can run up
to 96 samples in one experiment to analyze 96 samples for one protein-marker. All the
reagents and materials described below were provided by the producer (Simple Western). A
list of all the materials used for this work is provided in the “Materials”-section.

3.5.1 Reagent preparation
1. Standard pack reagents preparation
A standard pack provided by the producer, contained 4 tubes with Ladder, 5X Fluor Master,
Dithio Threitol (DTT) and an empty 0.6-mL tube. 40-µL deionized water was added to DTT
tube, to make a 400-mM solution. 20-µL 10X Sample Buffer and 20- µL prepared 400-mM
DTT solution was added to Fluorescent 5X Master Mix tube. 16- µL deionized H2O, 2- µL
10X Sample Buffer, and 2- µL prepared 400-mM DTT solution was transferred to the empty
0.6-mL tube.
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2. Protein Sample preparation
Recommended final cell lysate concentration was 0.2 mg/mL, depended on the expression
level of the protein of interest a range of 0.2-0.8 mg/mL was used. If necessary, the samples
stocks with high protein concentration was diluted with 0.1X Sample Buffer provided by the
producer. Four parts of all the samples and the biotinylated ladder, were mixed with one part
of 5X Fluorescent Master Mix. All the tubes with the mix were denatured by incubation at 95
ºC for 5 minutes, vortexed, spun down and placed on ice.
3. Antibody preparation
Primary antibodies were diluted between 1:50 to 1:300 with Antibody Diluent II.
4. Mix Luminol-S and peroxide
Detection solution was made by mixing 100 µL of the Luminol-s and 100 µL peroxide, and
the mix was vortexed and placed on ice.

3.5.2 Pipetting the assay plate
All the prepared samples, biotinylated Ladder, antibody Diluent II, Primary Antibody,
Streptavidin-HRP, Secondary Antibody, Luminol-Peroxide Mix, Separation Matrix, Stacking
Matrix and deionized water was loaded on 384-well microplate, shown in Figure 3.1. Positive
displacement pipettor provided with the instrument was used to pipette the Stacking and
Separation matrices (due to high viscosity). The microplate was centrifuged at 2000 RPM in
RT for 5 minutes, to get rid of potential air bubbles. Eventual remaining air bubbles were
removed using a needle.

Figure 3.1: Assay plate. Figure is adapted from ProteinSimpleTM Company).
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3.5.3 Compass Software
The assay template was loaded in Compass Software, and the instructions for preparing the
instrument were followed. The lid-covered sample microplate was inserted into the
instrument and was ready to run. All the settings required to run the assay were predefined by
the user in the Compass program prior to the run. Primary antibody incubation time was 120
minutes, and was followed by 2 washing steps. Secondary antibody incubation was 60
minutes, and was followed by 2 washing steps. Signals detection time varied from 5-480
seconds.

Figure 3.2: Schematic overview of size-based Simple Western immunoassay. Figure is Adapted from [94].

3.6 Flow Cytometry
Flow cytometry is an analytic method which can be used to distinguish cell populations in
different phases of the cell cycle, based on the transport of single cells in a suspension
through a laser beam, thereby emitting a light. Flow cytometry was performed in
collaboration with PhD student and co-supervisor Flem Karlsen. In this study, this method
was used to examine cell cycle distribution by measuring the amount of DNA present in the
cells using a DNA-binding fluorescent dye.
700 000 cells were seeded in T-25 flasks and cultured over night before treatment for 24
hours. Subsequently, the cells were harvested using a rubber policeman (Fisher Scientic) and
transferred to a 15 mL tube, centrifuged at 1000 RPM for 5minutes and washed with PBS
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once. The PBS was removed by pipetting and 500 µL of ice-cold absolute methanol was
added drop-wise while vortexing, to fix and permeabilize the cell membrane, and to allow
entry of the DNA-binding dye. After fixation, the cells were stored at -20 ºC for minimum 24
hours. Before analysis the fixed cells were centrifuged at 1000 RPM for 5 minutes, the
methanol removed and the pellet washed with PBS twice. The PBS was removed and 500 µL
of Propidium Iodide (PI) (Cytogonos. Cyt-Pir-25) was added to the cells followed by
incubation in RT for approximately 10 minutes in the dark. After incubation, the cells were
filtered through a flow tube, to remove cell aggregates, and analyzed by the flow instrument
LSR II (BD Biosciences). The Flowjo v.7.6.5 software was used to analyze the data.

3.7 Time-lapse microscopy
The IncuCyte® ZOOM and IncuCyte® FLR systems (Essen BioScience) were used for the
functional assays: migration and apoptotic assays. These are live-cell imaging systems with
the same conditions as a standard cell incubator that can automatically acquire and analyze
up to 2000 images per hour. A camera placed inside the incubator allows monitoring cells
over time which provides insight into active biological processes. The system`s software
calculates cell density based on the area of the well covered with cells, which generally
correlates with cell proliferation. The IncuCyte® ZOOM system have a phase-contrast and 2
color (red and green) fluorescence automated imaging modes.

3.8 Apoptotic assay
This assay is done in collaboration with PhD student and co-supervisor Karine F.Karlsen.
Caspase-3/7 activity was measured using Nuclear-ID® Red DNA stain (Enzo Life Sciences).
This kinetic reagent couples the caspase-3/7 recognition sequence, DEVD (aspartate (D),
glutamate (E), valine (V) and aspartate (D)) to a DNA intercalating dye. Adding this reagent
to cell culture monolayers allows the detection of caspase-3/7 activity using IncuCyte®
ZOOM Imaging Microscope. When caspase-3/7 is activated and the reagent containing
recognition motif DEVD is cleaved, the reagent releases the DNA binding dye which binds to
DNA and green fluorescence can be detected.
Cells were seeded in triplets in a 96-well Nunc-plate (BD Falcon™) at an appropriate density
to obtain 10% cell confluence after incubation for 24 hours. Treated cells were supplemented
with the CellPlayer kinetic caspase-3/7 reagent (1:1000). Prepared treatment was directly
28

added to all the wells in triplets and the plate was placed into the IncuCyte® ZOOM for 72
hours.

3.9 Cell migration Assay
Cell migration assay is a method which can be used to monitor how cells migrate over time
using an IncuCyte® Imaging Microscope. Cell migration in vitro can be quantified and
studied using a time-lapse microscopy system.
An appropriate cell number was seeded in 96-well ImageLock™ tissue culture plate (Essen
BioScience 4379) as triplets and incubated overnight to reach 80-90% confluence. Incubation
time and seeded cell number were dependent on the cell type.

Figure 3.3: By Essen BioScience. The WoundMaker™ 1 x metal base and 2 x 96 wash boats.

In a sterile environment, the top of the WoundMaker™ was removed, the 96-well
ImageLock™ plate was inserted into base plate holder and the cover was removed. The top of
the WoundMaker™ was placed back. The black lever was pushed and held down while the
pin block was lifted to create horizontal wounds through the monolayer in all wells of the 96well ImageLock™ plate. The plate was carefully washed two times with pre-warmed culture
media, RPMI+, to remove detached cells and prevent reattaching. 100 µL of fresh media and
50 µL of treatment solution were carefully added to all the wells in triplets. The plate was
inserted into the IncuCyte™ with 37 °C and 5% CO2, which time-lapse images captured every
3 hours.
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3.10 Statistical analysis
The data obtained in this study were statistically analyzed using the Microsoft® Excel
software. 2-tailed paired Students t-test was used to compare the read-out of drug-treated
with control-treated cells. Levels of significance (p-value) are marked in the figure texts in
the “result”- section (Table 1). In cell-culturing experiments cell viability measurements
were normalized to control.
Table 3.2:Statistical significance. The table shows the p-value corresponding to the number of asterisks used in
the result part in this master thesis.

To calculate confidence of the functional assay data, standard deviation of the mean (±SDM,
n=3) was calculated within biological replicates. Calculated comparisons that did not reach
statistical significance were not noted.

30

4 Results
4.1 Expression of AXL in melanoma cell lines
High expression of AXL protein has been reported in several human cancer types including
melanoma, compared to normal tissue [95]. In this study, we first evaluated the expression of
AXL in a panel of melanoma cell lines derived from both primary and metastatic melanomas
(Figure 3.1). In this experiment, cells were seeded, incubated for 24 hours and harvested.
Simple Western immunoassay analysis was used to measure AXL protein expression (Figure
4.1), and obtained values were normalized to the β-actin level. Out of ten tested cell lines,
WM1366 cells had the highest expression of AXL protein followed by Melmet 1 cells. AXL
expression for the WM1366 and Melmet 1 cell lines were measured in three biological
parallels (Supplementary Figure 1), whereas the remaining cell lines were analyzed once. By
setting the normalized AXL expression of WM1366 cells to be 100 % it was calculated that
Melmet 1 cells had a 35 % AXL expression level relative to WM1366 cells (representative
peaks for AXL protein from automated Simple Western for both WM1366 and Melmet 1
cells are listed in supplementary Figure 2). In the remaining cell lines, the expression levels
of AXL ranged from low to undetectable. The WM1366 and Melmet 1 cell lines were
therefore used as model systems in subsequent analyses. Melmet 5 was included as a negative
control cell line due to previous analysis in our lab showing that this cell line does not
express AXL and our current analysis also confirmed the undetectable levels of AXL in
Melmet 5.
The expression of AXL protein in WM1366, Melmet 1 and Melmet 5 cells was also
investigated by Western blot (Figure 4.2). In this experiment, cells were seeded, incubated for
24 hours and subsequently harvested. Proteins from the cell lysates were separated by SDSPAGE and immunoblotting analysis was performed using an antibody recognizing AXL.
AXL has a molecular weight of approximately 140 kDa [27]. An antibody recognizing
GAPDH was included as a protein loading control with an expected molecular weight of
approximately 37 kDa [96]. The Western blot shows that WM1366 cells has a higher
expression of AXL compared to Melmet 1 cells, and this result corresponds with the result
obtained using the Simple Western method (Figure 4.1). Melmet 5 cells did not express AXL
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protein, as displayed on the blot, and this also corresponds with the results obtained by
Simple Western immunoassay and through previous studies in our lab.

Figure 4.1: AXL protein expression in different melanoma cell lines. Size-based Simple Western analysis
was performed on the Peggy Sue machine. A. The Y-axis shows AXL levels normalized to reference protein, βactin. The cell line (WM1366) with highest AXL expression was set to 100%. The X-axis indicates the analyzed
melanoma cell lines. Each bar represents one biological experiment (n=1). B. Sample data displayed by the
Peggy Sue machine simulating an image similar to Western immunoblot.

Figure 4.2: AXL expression in WM1366, Melmet1 and Melmet 5 cells. Proteins were separated by SDSPAGE. Protein expression was evaluated by immunoblotting, using an antibody against AXL (with molecular
weight of approximately 140 kDa). Antibody against GAPDH was used as protein loading control (with
molecular weight of 37 kDa). The western blot from one representative experiment is shown.

4.2 Evaluation of BGB324 efficacy on cell growth
BGB324 is a small molecule inhibitor developed by BerGenBio to selectively target the AXL
protein. The inhibitor has been used in phase I studies to assess its clinical efficacy for
patients with acute myeloid lymphoma (AML) as well as head and neck squamous cell
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carcinoma (HNSCC) [47, 48]. In this study, we wanted to investigate if BGB324 also could
be a promising therapy for melanoma. In order to evaluate this, melanoma cell lines were
treated with increasing concentrations of BGB324 (0.1-2 µM) for 72 hours and subsequently
analyzed by MTS assay, estimating the cell viability (Figure 4.3). We observed that BGB324
monotreatment had little effect on cell viability on both WM1366 and Melmet 1 cell lines at
all tested drug concentrations. However, Melmet 5 cells responded with reduced cell viability
when treated with high doses (2 µM) of the BGB324. This latter observation was highly
unexpected due to the fact that Melmet 5 did not express any detectable AXL protein, and
suggests the presence of an off-target response.

Figure 4.3: Cell viability after monotreatment with BGB324. Melanoma cells were grown as monolayers
and treated with the indicated concentrations of BGB324 for 72 hours. The effect on melanoma cells was
assessed by MTS and is normalized to control (the amount of DMSO corresponding to the highest concentration
of BGB324 in the treated cells). Each bar represents the mean of three biological experiments and error bars
represent standard deviations of the mean (n=3). (*) indicates statistical significance measured by a two-tailed,
un-paired t-test (**, p≤0.01) and represents the difference between control-treated cells and treated cells.
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4.3 BGB324 treatment in combination with Chk1/2
inhibitor AZD7762
4.3.1 Cell viability
Because of the newly discovered a link between AXL signaling and DNA damage response
[96, 97], it was thus interesting to further assess the effect of combined treatment with
BGB324 and AZD7762 (Figure 4.5). Since monotreatment with BGB324 did not affect cell
viability in the AXL expressing cell lines, we decided to further investigate the potential
effects of the drug in combination with AZD7762. Initially, the effect of AZD7762 (0.1-2
µM) monotreatment was assessed for impact on cell viability. As shown in Figure 4.4, a
dose-dependent reduction in cell viability was observed for both WM1366 and Melmet 1 cell
lines. However, the greatest response was observed for the Melmet 5 cell line when treated
with the higher concentrations of AZD7762 (0.5-2 µM), compared to the WM1366 and
Melmet 1 cell lines.
We then further assessed the effect treatment using BGB324 and AZD7762 in combination
(Figure 4.5). Following combination treatment with all concentration of BGB324 (0.1-2 µM)
along with a fixed concentration of AZD7762 of 0.1 µM, no significant reduction in cell
viability was observed for WM1366 and Melmet 1 cell lines compared to treatment with
BGB324 alone. When increasing the concentration of AZD7762 to 0.5 µM in combination
treatment, a dose-response was induced in both WM1366 and Melmet 1 cell lines. AZD7762
at higher concentrations (1 and 2 µM) was also tested in combination with BGB324. This
resulted in nearly 40 % reduction in cell viability for WM1366 and up to 60 % for Melmet 1.
However, the greatest response was observed for Melmet 5, with up to 80 % reduction in cell
viability independent of concentration of either drug. The drug responses indicate that
monotreatment with BGB324 did not significantly affect cell viability in any of the cell lines,
whereas AZD7762 monotreatment led to a significant reduction. However, treating WM1366
and Melmet 1 cells with a combination of BG324 and AZD7762, gave further decrease in the
cell viability of the melanoma cell lines with significant reductions.
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Figure 4.4: Cell viability after monotreatment with AZD7762. Melanoma cells were grown as monolayers
and treated with the indicated concentrations of AZD7762 for 72 hours. The effect on melanoma cells was
assessed by MTS and is normalized to control (the amount of DMSO corresponding to the highest concentration
of AZD7762 in the treated cells). Each bar represents the mean of three biological experiments and error bars
represent standard deviations of the mean (n=3). (*) indicates statistical significance measured by a two-tailed,
un-paired t-test (**, p≤0.01) and represent the difference between control-treated cells and treated cells.
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Figure 4.5: Cell viability after combination treatment with BGB324 and AZD7762. Melanoma cells were
grown as monolayer and treated with the indicated concentrations of BGB324 and AZD7762 for 72 hours. The
effect on melanoma cells was assessed by MTS and is presented as % relative to the non-treated controls (the
first blue bar). The X-axis indicates drug concentration of BGB324. Each bar represents mean of three
biological experiments and error bars represent standard deviations of the mean (n=3). (*) indicates statistical
significance measured by two-tailed, un-paired t-test (*, p≤0.05, **, p≤0.01).
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4.3.2 Expression of AXL
Since monotreatment with AZD7762 as well as combination treatment with BGB324 showed
reduction in cell viability, we wished to investigate whether the monotreatment or
combination of drugs also affected AXL expression. This was assessed by performing
Western blot. All three melanoma cell lines were treated with BGB324 and AZD7762 alone
and in combination (Figure 4.5), and protein lysates were analyzed by Western blot.
Interestingly, monotreatment with BGB324 inhibitor induced a paradoxical increase in AXL
expression in both WM1366 and Melmet 1 cell lines. Due to an observed toxic effect on cell
viability following treatment with 2 µM AZD7762 in Melmet 1 (Figure 4.4), a lower
concentration (1 µM) was chosen for Melmet 1 and Melmet 5 when monotreated or
combined with BGB324. A slight reduction in AXL expression was observed for both
WM1366 and Melmet 1 following treatment with AZD7762 individually and in combination.
In Melmet 5, no AXL expression was detected independent of drug or concentration.

Figure 4.6: AXL expression in drug-treated WM1366, Melmet 1 and Melmet 5 cells. Protein expression of
AXL in untreated and treated cells lines with 2 µM BGB324 and AZD7762 (1 µM for Melmet 1 and Melmet 5
cells and 2 µM for WM1366 cells) or in combination of both drugs for 24h before the proteins were separated
by SDS-PAGE. Protein expression was evaluated by immunoblotting, using antibody AXL (with molecular
weight of approximately 140kDa). Antibody against GAPDH was used as protein loading control (with
molecular weight of 37 kDa). The western blot from one representative experiment is shown. (+) indicates
treated cells and (-) indicates non-treated cells.

4.3.3 Combination treatment on apoptosis assay
Since WM1366 and Melmet 1 cell lines had a large decrease in cell viability upon
combination treatment with BG324 and low concentrations of AZD7762, treatment-induced
apoptosis was further investigated through analysis of caspase-3/7 activity. WM1366 and
Melmet 1 cells were treated with BGB324 (2 µM for both cell lines) and AZD7762 (1 µM for
Melmet 1 cells and 2 µM for WM1366 cells) alone or in combination and caspase-3/7
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activity was analyzed. As shown in Figure 4.7A-B, combination treatment resulted in
increased caspase-3/7 activity in both melanoma cell lines compared to monotreated and
control-treated cells.

Figure 4.7: Level of treatment-induced apoptosis. WM1366 and Melmet 1 cell lines were treated with
BGB324 (2 µM for both cell lines) and AZD7762 (1 µM for Melmet cells 1 and 2 µM for WM1366 cells) alone
and in combination (DMSO for control cells) for 72h. (A) The number of apoptotic cells was assessed; when
caspase-3/7 is activated (the reagent containing recognition motif DEVD is cleaved) and the reagent then
releases DNA intercalating binding dye which binds to the DNA in the nucleus and green fluorescence is
detected by time-lapse microscopy (IncuCyte® ZOOM). The Y-axis represents the relative fluorescence in A.U.
(arbitrary units – compared to number of cells in each well). Each bar represents the mean of three biological
experiments and error bars represent standard deviations of the mean (n=3). (*) indicates statistical significance
measured by a two-tailed, up-paired t-test (*, p≤0.05). (B) Representative images of WM1366 and Melmet 1
cell lines treated as in A), where green color indicates apoptotic cells (scale bars 300 µm).
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4.3.4 Combination treatment on cell cycle progression
To evaluate treatment-induced changes in the cell cycle, WM1366 and Melmet 1 cells were
either monotreated with BGB324 (2 µM for both cell lines) or AZD7762 (1 µM for Melmet 1
and 2 µM for WM1366) or in combination for 72 hours. Cells were fixed, permeabilized
with methanol and stained with Propidium iodide (PI), a DNA-binding dye which crosses the
membrane of live cells and binds double stranded DNA (dsDNA). Sub-G1 (reflecting cell
population with less amount of DNA than expected for cells in G0/G1, for example apoptotic
cells) is also observed in the cell cycle distribution (Figure 4.8).

Figure 4.8: Treatment-induced changes in the cell cycle distribution. WM1366 and Melmet 1 cell lines were
treated with BGB324 (2 µM for both cell lines) and AZD7762 (1 µM for Melmet 1 and 2 µM for WM1366)
alone or in combination (DMSO was used for control cells) for 24h. Samples were run by flow cytometry and
analyzed by the FlowJo software. Experiment was performed in three biological parallels and representative
histograms are presented. Sub-G1 (in the left shoulder of G1), G1, S and G2 indicate different phase of the cell
cycle. The Y-axis represents the number of cells and the X-axis shows the relative amount of DNA.

The cell cycle distributions were similar in control and BGB324 treated WM1366 and
Melmet 1 cells, where BGB324 treatment resulted in a slight G1 arrest. However, treatment
by AZD7762 alone or in combination with BGB324 in WM1366 cells and Melmet 1 cells
resulted in G2–phase arrest. An elevated S-peak was also observed following combination
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treatment of in both cell lines, indicating that more cells enter division phase, potentially
pushing damaged cells throughout the cell cycle again. The disturbed cell cycle in the
combination treatment with BGB324 and AZD7762 may be due to the inhibited checkpoints
and may be the reason why melanoma cells undergo apoptosis when combining BGB324 and
AZD7762. An increase in Sub-G1 phase was observed in combination treatment with
BGB324 and AZD7762 of both WM1366 cells and Melmet 1 cells, which indicates a higher
number of apoptotic cells.

4.3.5 Combination treatments on cell migration
Several studies have suggested that AXL signaling inhibition may play a role in tumor cell
migration in cell lines of various cancer types [33, 43]. We therefore wanted to investigate
whether inhibiting AXL has a similar function in WM1366 and Melmet 1 melanoma cells
monotreated with BGB324 or in combination with AZD7762. A wound-healing assay, also
known as scratch assay, was performed and cell migration was measured by cell confluence
in the created wound area by use of IncuCyte™. Cell migration was measured by cell
confluence in the created wound area (Figure 4.9A-B). The migration of WM1366 cells was
unaffected when treated with low concentrations of BGB324 (0.1-1 µM), whereas 2 µM
BGB324 resulted in significantly reduced cell migration. Cell migration of Melmet 1 cells
were not affected following monotreatment with BGB324.
Combination treatment of WM1366 cells with 1 µM BGB324 and 0.5 µM AZD7762 resulted
in a significant reduction in cell migration. The highest concentration of BGB324 (2µM) and
AZD7762 (0.5 µM) in combination resulted in reduced cell migration, but not significant, for
Melmet 1 cells (Figure 4.10A-B).
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Figure 4.9: Migration of BGB324-treated WM1366 and Melmet 1 cells. A. Migration area (%) of WM1366
and Melmet 1cells (relative to the control cells) with indicated BGB324 concentrations after 48h. Each curve
represent mean of three biological experiments and error bars represent standard deviation of the mean (n=3). B.
Migration area (%) relative to the non-treated controls, after 24h. Each bar represents the mean of three
biological experiments and error bars represent standard deviation of the mean (n=3). (*) indicates statistical
significance measured by a two-tailed, un-paired t-test (**, p≤0.01). C. Representative images of WM1366 cells
untreated and treated with 2 µM BGB324 alone after 24h (scale bars 300 µm).
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Figure 4.10: Cell migration of WM1366 and Melmet 1 after a combination treatment. A. The curves
display WM1366 and Melmet 1 cell confluence (%) after indicated treatments for 48h.B. Cell confluence (%)
relative to the non-treated controls after 24h. Both curves and bars represent mean of three biological
experiments and error bars represent standard deviation of the mean (n=3).(*) indicates statistical significance
measured by a two-tailed, un-paired t-test (**, p≤0.01). C. Representative images of WM1366 cells untreated
and treated with 1 µM BGB324 and 0.1 µM AZD7762 in combination after 24h (scale bars 300 µm).
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4.4 Cells grown as 3D spheroid cultures
There is growing evidence suggesting that three-dimensional (3D) cell cultures more
accurately mimic the tumor (physical properties and cell contacts) compared to twodimensional (2D) cultures, which are not able to recapitulate the architecture of the tumor
tissue [98, 99]. Furthermore, several studies have discovered that tumor cells in 3D culture
models are more resistant to anti-cancer drugs than 2D culture [98, 99]. We therefore aimed
to examine the AXL expression and the response of 3D cultures to BGB324 monotreatment.

4.4.1 Expression of AXL in 3D spheroid cultures
To investigate the effect of drug on 3D cultured cells regarding AXL expression, WM1366
and Melmet 1 cells were seeded and treated simultaneously with 2 µM BGB324 for 24 hours.
The protein lysates from cells grown as 2D or 3D cultures were subsequently analyzed by
Simple Western immunoassay to measure levels of AXL expression. DMSO corresponding
to the highest concentration of drug was used for control sample. Interestingly, when
comparing untreated 2D and 3D cultures, the 3D cultures demonstrated higher expression
level of AXL. In both WM1366 and Melmet 1 3D cultures, a noticeable effect of decreased
AXL expression was observed following treatment with BGB324, yet not significantly due to
the large standard deviation of the mean (Figure 4.11). No changes in AXL expression was
detected between treated and untreated 2D cultures, contrary to the results from Western blot
in 2D cultures (Figure 4.7) where increased AXL expression was observed.

Figure 4.11: Expression of AXL in 2D and 3D cultures with/without BGB324 treatment. Cells were
cultured either as 2D or 3D and treated with 2µM BGB324 (DMSO for control samples) for 24h before sizebased Simple Western immunoassay analysis was performed on the Peggy Sue machine. The Y-axis shows
normalized AXL expression to reference protein β-actin. The X-axis indicates experimental conditions. Each
bar represents mean of three biological experiments and error bars represent standard deviations of the mean
(n=3).
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4.4.2 Combination treatment on 3D spheroid morphology
Growing cells in 3D culture has been shown to alter cell proliferation and cell morphology
compared to 2D cultures [100]. In this experiment, WM1366 cells and Melmet 1 cells were
seeded as 3D cultures and treated with BGB324 (2 µM for both cell lines) and AZD7762 (1
µM for Melmet 1 cells and 2 µM for WM1366 cells) alone or in a combination for 24 hours.
As shown in Figure 4.12, Melmet 1 control 3D cultures are bigger in size and seem more
“loose” compared to WM1366 3D cultures. No morphological changes were observed on
WM1366 3D cultures after treatment with BGB324 alone, while Melmet 1 appeared to be
denser. Interestingly, AZD7762 monotreatment increased the size (diameter) of WM1366 3D
cultures, while Melmet 1 3D cultures became denser. Combination treatment in WM1366 3D
cultures resulted in increased size similar to the responses observed following monotreatment
with AZD7762, compared to control-treated and BGB324-monotreated 3D cell cultures.
Combination treatment of Melmet 1 3D cultures, however, responded by being even denser
compared to monotreated and control-treated cells.

Figure 4.12: WM1366 and Melmet 1 spheroids treated with BGB324 and AZD7762 alone and in
combination. Representative pictures of spheroids treated with BGB324 (2 µM for both cell lines) and
AZD7762 (1 µM for Melmet 1 cells and 2 µM for WM1366 cells) or a combination of both drugs as indicated
for 24h. Each control and differently treated spheroids were set up with 6 parallels in a 24-wells plate (scale
bars, 2000 µm).
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5 Discussion
The tyrosine kinase receptor AXL is overexpressed in several cancer types including
melanoma, breast, acute myeloid leukemia, colorectal as well as head and neck squamous
cell carcinomas [37, 43, 49, 101, 102]. In this study, we confirmed that three of the ten
examined melanoma cell lines expressed detectable levels of AXL protein. In the following
analyses we selected two melanoma cell lines (WM1366 and Melmet 1 cells) which
expressed high levels of AXL protein and one not having detectable levels (Melmet 5 cells).
These were further treated with either BGB324 (an inhibitor selectively targeting the AXL
receptor) as monotreatment or in combination with AZD7762 (a dual inhibitor targeting
Chk1 and Chk2 checkpoint kinases).

5.1 AXL expression is cell line specific
In this study, we found highest expression of total AXL protein in the WM1366 cell line
(Figure 4.1 and 4.2). WM1366 is a N-RAS mutated melanoma cell line, which according to
previous studies express higher levels of AXL protein compared to B-RAF mutated cell lines
such as Melmet 1, a finding which is in accordance with our observations [42]. Furthermore,
a recent study reported that melanomas predominantly express either AXL or MERTK
(TAM-family receptor), where MERKT is associated with B-RAF mutations and AXL is
associated with N-RAS mutations [103]. However, a possible correlation between AXL
expression and N-RAS/B-RAF mutation need to be validated in a larger number of other
melanoma cell lines.
Previous studies have identified a correlation between AXL protein and MITF [42, 49]. This
is in agreement with studies performed in our lab showing that some melanoma cell lines
which overexpress AXL protein including Melmet 1 and WM1366, have low levels of MITF
[49]. However, in Melmet 5 where no AXL was detected, MITF expression was observed
(data not shown). Recently revealed that melanoma cells with MITF low/AXL high
mesenchymal phenotype are more challenging to treat [104].
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5.2 BGB324 monotherapy of melanoma cells
5.2.1 The effect of BGB324 on cell viability
The growth inhibitory potential of the AXL inhibitor, BGB324, was investigated in the three
melanoma cell lines, WM1366, Melmet 1 and Melmet 5 (which was a negative control cell
line). Following treatment with BGB324, no reduction in cell viability was observed in
WM1366 and Melmet 1 cells which express the AXL protein (Figure 4.3). Since the
sequence homology between AXL and TYRO3 and between AXL and MERTK is estimated
to be 60 % and 70.5 %, respectively [37, 105], this may implicate that there is a possibility of
the three TAM family members to heterodimerize in order to activate and subsequently
stimulate signaling pathways [105]. However, following treatment of Melmet 5 a strong
reduction in cell viability was observed at the highest concentration (2 µM), which was not
expected. This indicates a non-specific AXL effect since no detectable AXL levels were
observed in this cell line. Such off-target effects on other RTKs have been described for
BGB324 at high doses [54]. Further investigation of this finding was not within the scope of
this master thesis and therefore not further examined.
Although the AXL selective inhibitor, BGB324, is known to have the highest affinity to AXL
protein among the members of the TAM family, studies has shown that BGB324 also may
have affinity to TYRO3 and MERTK [54, 101]. The inhibition of AXL may therefore not be
sufficient for the treatment of cancers where AXL protein is overexpressed.

The effect of BGB324 treatment on AXL expression was also investigated. Interestingly,
WM1366 and Melmet 1 cells treated with BGB324 induced a paradoxical increase in AXL
expression (Figure 4.6). This may be explained by the “rescue-effect”, a term describing the
cells ability to increase the expression of AXL protein following inhibition of the receptor
and other target molecules [54]. BGB324 act as a small molecular inhibitor, and studies
performed in our lab revealed a reduced phosphorylation of the Y702-residues in the
cytoplasmic domain of the AXL protein, consequently reducing AXL activation (data not
shown). In addition, BGB324 has been found to reduce the phosphorylation of the Y779
residue [106]. However, AXL is still able to be activated, although to a lesser extent which is
manifested as no alteration in cell viability following AXL inhibition. This is likely due to
Y702- and Y779-residues not being the only regulator of signaling pathways essential for cell
viability.
46

Furthermore, the tyrosine domain of the AXL protein has several additional residues that can
be phosphorylated (i.e. Y821, Y866) which to some degree may explain the rescue effect
following treatment with BGB324. An example is the Y821-residue which lies in the same
domain as the tyrosine-702. A hypothesis is that the Y821-residue, phosphorylated, may
further phosphorylate its effector molecule, GRB2, a component of the MAPK pathway
which can activate cellular processes such as proliferation, metastasis and cell survival [107].
Another possible mechanism which can explain the rescue effect is the ability of RAS to
activate the PI3K/AKT, another central signaling pathway. The rescue effect may also be a
response to less signaling of AXL, which may promote cells to turn on the synthesis of the
AXL protein in order to induce the signaling again.
To our knowledge, little work involving BGB324 treatment on cell viability, cell cycle
distribution and apoptosis of melanoma cell lines have been published prior to our study. This
limits the comparison of our results with results obtained in other studies. However, as
mentioned, AXL protein is found overexpressed in other cancer types, i.e. head and neck
squamous cell carcinoma (HNSCC) and Ewing Sarcoma, and the efficacy of BGB324 has
been investigated in these cancer types [47, 108]. Following treatment with increasing doses
of BGB324 (0.001 – 1 µM) for 72-96 hours, a significant growth inhibition was observed in
all AXL-expressing HNSCC cell lines, however only at high concentrations. AXL inhibition
and silencing does not decrease proliferation/survival in colorectal cancer (CRC) which was
also observed in our viability assays following treatment of both WM1366 and Melmet 1
melanoma cell lines with BGB324 monotreatment.

5.2.3 The effect of BGB324 on the induction of apoptosis and cell cycle
progression
The ability of BGB324 to induce apoptosis was also investigated in the melanoma cell lines.
WM1366 cells treated with BGB324 showed no significant apoptotic activity at any
concentration, whereas in Melmet 1 cells, a slight induction of apoptosis was observed,
although not significant. This lack of apoptotic activity is also previously demonstrated in a
study where glioma cells were treated with BGB324 [109]. It is important to note that cells
were only treated with BGB324 for 72 hours, and that it might take longer duration before
BGB324 induces apoptosis.
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The cell cycle distribution of drug-treated cells was investigated by flow cytometry.
Following treatment of WM1366 with BGB324, only a small increase of the G1-peak was
observed in the drug-treated sample compared to the control cells. This may indicate a slight
G1-arrest. Otherwise, the G2-peaks in the control sample and drug-treated sample are similar,
which indicates that BGB324 does not affect cell cycle progression significantly as we have
also observed in viability assays. A hindered cell division was also previously observed in a
study conducting a similar assay on glioma cells [109]. Treatment of Melmet 1 displayed a
decreased number of cells in G1 phase compared to the control-treated sample, whereas the
G2-peak remained unchanged. Our hypothesis is that treating Melmet 1 cells with an AXL
inhibitor may decrease the expression of DNA repair genes, resulting in cells entering the
next phase of cell cycle independent of cells being damaged. This may explain why the
intensity of cells in G1 phase is lower following AXL inhibition of Melmet 1 cells with
BGB324, compared to the control.

5.2.4

BGB324 reduces the migratory potential of WM1366 cells

The effect of BGB324 monotreatment on the migratory potential of WM1366 and Melmet
cells was further investigated. Treatment with BGB324 monotreatment did not affect the cell
migration of Melmet 1 cells. Only WM1366 cells responded with decreased cell migration
following high concentrations of BGB324. In other studies, conducting a similar wound
healing assay, low concentrations of BGB324 (0.1 µM and 0.5 µM) resulted in 50% less
migratory potential for cells which expressed high levels of AXL protein [47, 108]. An
explanation of this inconsistency may be that different cell lines and cancer types have been
used in the studies. Furthermore, cell confluence (cell-cell contact) as well as increased
number of cell passages may result in altered cell behavior. Recently, several Ewing Sarcoma
as well as melanoma cell lines with high levels of AXL expression was studied for cell
migration [42, 108]. In some of the tested cell lines, the lowest concentration of BGB324
(0.81 µM) resulted in inhibited cell migration at specific time points, whereas for some of the
other cell lines, the migratory potential was significantly reduced only at the highest
concentrations of BGB324 (2 and 3.15 µM).
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5.3 Functional effect of combining AXL and Chk1/2
inhibition in melanoma cell lines
Recently, AXL signaling has been associated with abnormal DNA damage response (DDR).
UV radiation, which is a primary environmental factor for the development of malignant
melanoma, may lead to DNA damage [60, 96]. Chk1/2 are involved in the repair of DNA
damaged genes and can be targeted with Chk1/2 inhibitors. Since monotherapy with BGB324
did not show any significant growth inhibitory response in WM1366 and Melmet 1 cell lines,
the hypothesis was that combination therapy targeting AXL protein and DDR could be a
more effective therapeutic strategy.

5.4.1 Combination treatment with BGB324 and AZD7762 reduces cell
viability and induces apoptosis in melanoma cells
Combination treatment of BGB324 and AZD7762 was more effective on cell viability for
both WM1366 and Melmet 1 cell lines compared to BGB324 monotreatment in 2D cultures.
However, WM1366 cells did not respond with reduced cell viability at high concentrations of
either drug in combination treatment.
AXL inhibition with the inhibition of the DNA repair pathway is found to increase apoptotic
cell death. Combination treatment of both melanoma cell lines with BGB324 and AZD7762
(a Chk1/2 inhibitor) resulted in increased number of apoptotic cells compared to
monotreatment with BGB342. However, only the induction of apoptosis in WM1366 was
significant when compared to BGB324 treatment. A possible explanation may be that
WM1366 has higher levels of AXL protein compared to Melmet 1. Furthermore, AXL
expression promotes DNA damage response, whereas downregulation or inhibition of AXL
protein suppresses the activation of DNA repair genes, subsequently resulting in a deficiency
in homologous recombination [110]. Therefore, following AXL inhibition as well as
inhibition of the DNA repair proteins Chk1/2 with BGB324 and AZD7762 may result in
impaired repair of the DNA. This may further sensitize the cancer cells to inhibition of DNA
repair proteins, subsequently inducing apoptosis as previously conducted [96]. The high
number of cell death observed following combination treatment of Melmet 1 may be
explained by the fact that this cell line most likely is more dependent of other molecules in
the cascade rather than AXL. This may implicate that Melmet 1 is more sensitive to the
combination of AZD7762 and BGB324 compared to BGB324 monotreatment.
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5.4.2 Combination treatment of BGB324 and AZD7762 lead to S-/G2
phase arrest and reduces migratory potential
We also investigated cell cycle distribution in WM1366 and Melmet 1 following combination
treatment, and observed an elevated S phase and an arrest in G2 phase for both cell lines.
AZD7762 is known to induce arrest in G2 in melanoma cells [111], which explains the high
peak observed following combination treatment. The elevated S phase may be due to the
inhibition of Chk1/2 along with BGB324, not allowing cells to proceed to G2 as a
consequence of impaired DNA damage response. However, an increased G1 peak was also
seen in Melmet 1 cells, which indicates that cells are pushed through the cell cycle and
arrested in G1. In wound healing assays, a significant reduction in migratory potential was
observed only following treatment of WM1366 with BGB324 in combination with low AZD
concentrations, whereas the reduction in migratory potential observed in Melmet 1 was
reduced at higher concentrations of both inhibitor (2 µM BGB324 and 0.5 µM AZD7762) but
were not significant.

5.4 Culturing cells as 3D spheroids influence AXL
expression and effect of BGB324
We performed a three-dimensional (3D) spheroid assay to assess the expression of AXL
protein in 3D cell cultures compared to two-dimensional (2D) cell cultures. We found that the
AXL expression is up to 3-fold higher in 3D cultures in contrast to 2D cultures for both
WM1366 and Melmet 1 cell lines (Figure 4.6). This may be explained by the induction of
cell-cell contact which is established following the formation of 3D cultures, subsequently
up-regulating AXL expression [112]. The inner cells within 3D cultures (50-100 µm in
diameter) [113] have restricted access to oxygen and nutrients, which are transferred through
diffusion, and are less able to remove waste. In spheroids of a certain size, restricted access to
oxygen may lead to hypoxia, which results in expression of factor HIF-1 and HIF-2. HIF-1
and HIF-2 activates the expression of AXL by binding directly to the hypoxia-response
element in the AXL promoter [31, 32], thus being a potential mechanism behind the
increased AXL expression found in 3D cultures. Melanoma cell lines may also produce
GAS6 by autocrine process [42] and responds by expressing AXL protein. This may be one
of the reasons why we observe high levels of AXL in 3D cells cultures.
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Following BGB324 treatment of WM1366 and Melmet 1 3D cultures, a decrease in AXL
protein levels was observed for both cell lines, whereas in 2D cultures no significant change
in AXL expression was seen. Based on this study and our observed 3D cell culture response
to BGB324, it is possible that WM1366 and Melmet 1 cell lines will be sensitive to BGB324
in vivo. Although BGB324-treated WM1366 3D cell cultures displayed a decrease in AXL
protein expression, the 3D cultures did not change morphologically. Melmet 1 3D cell
cultures, however, became denser compared to non-treated 3D cell cultures. Melmet cells
have a phenotype with more elongated cells than WM1366 which is cobble stone-like in the
phenotype. If AXL promotes EMT, BGB324 may promote a more epithelial-like phenotype,
and this may be a reason for the dense morphology of the Melmet 1 cells.
Seeding of cells and the treatment of these was performed simultaneously, this to ensure that
all cells were exposed to the drug before the formation of 3D cell cultures. This may be a
possible reason why tumors respond to treatment, since the drug is transferred with the
circulatory system and diffuses into the core of the tumor, as long as the cells are not necrotic
or hypoxic. In the case of drug treatment after the formation of spheroids, the drug would
most probably not diffuse into the innermost cells in the 3D culture, thus 3D cultures are
observed as less sensitive to the effects of anti-cancer drug treatment in [114].
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5.5 Methodological Discussion
5.6.1 Cell culture work
Human cancer cell lines are used as experimental models for cancers research, and are
representable model systems as they have retained hallmarks of cancer [115]. Such cell lines
are easy to work with and the conditions are reproducible. There are also several limitations
when working with cell lines, where the most important disadvantage is the lack of cell-cell
contact, which would otherwise be present in the tumor tissue. Furthermore, passaging of
cells may alter their genetic drift of phenotype, which can further change their behavior
regarding to cell growth. Therefore, genomic instability should be prevented by limiting the
number of cell passages. Infections such as mycoplasma and cross-contamination between
different cell lines may also occur. This may be avoided by frequently testing for
mycoplasma, infection [115] and cell lines id-typing. Cell cultures as 3D spheroids give a
more realistic model of the cell–cell interaction seen in tumor micro-environments compared
to 2D cell cultures. Several studies suggest that three-dimensional (3D) cell cultures mimic
better the tumor compared to two-dimensional (2D) cultures, which are not able to
recapitulate the architecture of the tumor tissue [98, 99].
The cells (e.g. immune cells) and components making out the micro-environment present in
patient tumors are also absent when growing tumor cell lines. Therefore, the clinically
important immune landscape of melanoma is poorly represented in vitro and alternative
tumor models should be considered to more appropriately represent these scenarios [116].

5.6.2 Protein analysis
In this study, Simple Western immunoassay and traditional Western immunoblot were used
to separate and investigate specific proteins based on size. Simple Western immunoassay is a
semi-automated Western blotting which requires less sample and antibody, with better
reproducibily and quantitability. Both methods were used to investigate AXL expression, and
AXL protein level in response to treatment. A common challenge for these two methods is
the quality (e.g. specificity) of primary antibodies and optimalization for use in each assay.
The most important difference between these to the methods; in Simple Western
immunoassay the proteins are immobilized by covalently binding to capillary walls through
UV-fixation technology, to make sure that the proteins do not migrate, while in Western
immunoblotting, the proteins are transferred from the gel to a PVDF membrane, before
immunoprobing against the protein of interest with a primary antibody.
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6 Concluding remarks
Malignant melanoma is one of the most aggressive human cancer types. Due to high
therapeutic resistance of this disease, new treatment options are needed. In this study we have
investigated AXL and checkpoint 1/2 inhibitors alone or in combination as a new potential
strategy to treat metastatic melanoma. Specifically we have shown:


Expression of the AXL protein was highly variable in a panel of ten melanoma cell
lines. WM1366 had the highest expression of AXL protein followed by Melmet 1.



BGB324 monotreatment in 2D culture did not affect cell viability, apoptosis and cell
cycle progression in either of WM1366 and Melmet 1 cells, but reduced the
migratory potential for WM1366 cells at high concentrations.



BGB324 in combination with AZD7762 in 2D cultures was more effective on growth
inhibition, induction of apoptosis, cell cycle progression as well as migratory
potential in both cell lines compared to BGB324 monotherapy.



Expression of the AXL protein was up to 3-fold greater in 3D cultures compared to
2D cultures.



Expression of AXL protein was reduced in 3D cultures, in contrast to 2D cultures
where it was increased, following BGB324 monotreatment. The effect on cell
viability, apoptosis, cell cycle progression as well as migration remains to be
investigated in 3D cultures.

Altogether, targeting the AXL in combination with a checkpoint inhibition might be a
promising, future therapy option for malignant melanoma patients having high expression of
the AXL, however, merits to be further investigated.
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7 Future perspective


The efficacy of stimulating GAS6 ligand to promote AXL expression should be
further studied.



Since the efficacy of AXL selective inhibitors have not been studied in melanoma cell
lines, it would be interesting to further investigate the response of other AXL
inhibitors in melanoma cell lines dependent of AXL protein.



Other TAM-family members (MERTK, TYRO3) should be investigated for their role
in cell growth and migratory potential in cell lines expressing high levels of AXL
protein.



Since BGB324 treatment reduced AXL protein in 3D cultures, I would like to further
investigate the effect of the AXL inhibitor on other assay for these cultures.



When cell-cell contact is established in 3D cultures, induction of EMT is promoted
which further increase expression of AXL protein. It would therefore be of high
interest to further study the expression of EMT transcription factors in the melanoma
cell lines.
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Supplementary figures

Figure 1: AXL protein expression in WM1366 and Melmet 1 cells. Size-based Simple Western analysis was
performed on the Peggy Sue machine. The Y-axis shows normalized AXL expression to reference protein βactin. X-axis indicates cell lines. Each bar represents mean of three biological experiment (n=3) and error bars
represent standard deviation of the mean.
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Figure 2: AXL expression in WM1366 and Melmet 1 by Simple Western immunoassay. Representative
peaks for AXL from automated Simple Western. The protein levels were calculated by integration of the area
below peaks (green) which were detected by chemiluminescence. Y-axis shows chemiluminescence, and X-axis
shows protein size (kDa).
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Abbreviations
Abbreviations

Description

µg
µL
µM
2D
3D
ADC
AML
ATP
AZD7762 (DN10764)
BGB324
BSA
CML
CO2
ddH2O
DEVD
DMSO
DTT
ECM
EMT
G1-phase
G2-phase
GC
GDP
HNSCC
HRP
kDa
mL
mM
MW
n
NAD(P)H
nm
ºC
PBS
PCR
PVDF
pY
RMPI
RPM
RT

Microgram
Microliter
Micromolar
Two-dimensional
Three-dimensional
Antibody drug conjugates
Acute myeloid lymphoma
Adenosine triphosphate
Dual checkpoint inhibitor
Bosutinib, AXL inhibitor
Bovine serum albumine
Chronic myelogenous leukemia
Carbon dioxide
Double distilled water
Aspartate, glutamate, valine and aspartate
Dimethyl sulfoxide
Dithio Threitol
Cell-extracellular matrix
Epithelial-mesenchymal transition
Gap 1 phase
Gap 2 phase
Guanine-cytosine
Guanine diphosphate
Head and neck squamous cell carcinoma
Horseradish Peroxidase
Kilo Dalton
Milliliter
Millimolar
Molecular weight
Number of biological replicates
Nicotinamide adenine dinucleotide phosphate
Nanometer
Degrees Celsius
Phosphate-buffered saline
Polymerase Chain Reaction
Polyvinylidene difluoride
Phosphotyrosine
Roswell Park Memorial Institute medium
Revolutions per minute
Room temperature
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SD
SDS-PAGE
SEM
S-phase
TBST
TNBC
UVR
V
Vit-K
Y

Standard deviation
Sulfate polyacrylamide gel electrophoresis
Standard error of mean
DNA synthesis phase
Tris Buffer Saline
Triple negative breast cancer
Ultraviolet radiation
Volt
Vitamin K
Tyrosine
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Appendix A: Materials
Cell culture
Producer
Celltiter 96 Aqueous One Solution MTS
Costar®, 12 well cell culture cluster

Catalogue
number
G3581
3513

Nunc™ Cell Culture Treated EasYFlasks™,
75cm2
Nunc™ Cell Culture Treated EasYFlasks™,
25 cm2
Trypan Blue Stain, 0.4%

Promega
Corning
Incorporated
Thermo Fisher
Scientific
Sigma-Aldrich
Thermo Fisher
Scientific
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Thermo Fisher
Scientific
Thermo Fisher
Scientific
Thermo Fisher
Scientific
Thermo Fisher
Scientific
Thermo Fisher
Scientific
Thermo Fisher
Scientific
Life Technologies

Propidium Iodide (PI)

Cytognos

Cyt-Pir-25

Essen Bioscience

4440

BGB324

BerGenBio

401810

AZD7762

Selleckchem

S1532

Countess™ Cell Counting Chamber Slides
Dimethyl sulfoxide (DMSO)
CryoTube™ Vials
RPMI-1640 medium
Fetal Bovine Serum (FBS)
Dulbeco’s Phosphate-buffered saline (PBS)
Trypsin-EDTA mixture (1X)
GlutaMAX™ Supplement
Nunclon™ Delta Surface 6-well plates
Nunclon™ Delta Surface 12-well plates
Nunclon™ Delta Surface 96-well plates

C10283
D2650
363401
R0883
F7524
D8537
T3924
35050-038
140675
150628
167008
156499
156367
T10282

Methanol
CellPlayer Kinetic Caspase-3/-7 reagent
Inhibitors
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Western Blotting

Producer

Pierce™ BCA Protein Assay Kit

Thermo Scientific,
USA
VWR Chemicals

Methanol 100 %
4-20% Criterion™ TGX™ Precast Midi
Protein Gel
18 well, 30 µl
Nitrocellulose Membrane, 0.45µm

Catalogue
number
23227
20847.307

Bio-Rad

5671094

Bio-Rad

1620115

Whatman®

3030-335

Thermo Scientific

34076

Millipore

IPVH000110

Protease inhibitors (Complete)

Roche

04693124001

Phosphatase inhibitors (PhosphoStop)

Roche

04906837001

NuPAGE® MES Running Buffer 20X

Thermo Fisher
Scientific
Sigma® Life
Sciences

NP002-02

Bio-Rad

1610363

Destaining solution (90% MeOH, 2% acetic
acid, 8% H2O
Polyvinylidene difluoride (PVDF) membrane
(0.45 µm pore size)
Chromatography paper
Super Signal® West Dura Extended Duration
Substrate
Immobilon-P® Transfer membranes

Bovine Serum Albumine (BSA)

S9888

Transfer Buffer 10X
Amidoblack (Naphto blue black,methanol,
acetic acid, dH2O).
Precision Plus Protein™ Unstained Protein
Standard

Simple Western
Peggy Sue™
Peggy Sue 12-230 kDa Size
Master Kit
Peggy Sue 12-230 kDa Mouse Size
Master Kit
Peggy Sue 12-230 kDa Rabbit Size
Master Kit

Produced
Protein Simple™
Protein Simple™

725543

Protein Simple™

03272

Protein Simple™

76761
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Catalogue number

10x stock
30.2g Trizma
144g Glycine
10g SDS
dH2O up to 1L

Running buffer

1x stock
10 mL 10x
dH2O up to 1L

RPPA lysisbuffer
NaF
NaCl
Glycerol
EGTA (+4˚C)
NA-pyrophosphate
Hepes pH 7.4
Mg CL2
Triton X-100
Na-Vanadate (20˚C)

Stock
Dilution
0.5 M
100 mM
1M
150 mM
100 %
10 %
10 mM
1 mM
100
10 mM
mM
1M
50 mM
100
1,5 mM
mM
100 %
1%
100
1 mM
mM

dH2O

Instrument/machine
1420 Multilabel Counter 3X Wallac
Centrifuge 5810
Countess® automated cell counter
Digital Heat block
G:BOX
IncuCyte FLR
IncuCyte Zoom
Multiscan FC type 357
Microscope Evos FL
Trans-Blot® turbo Transfer System

100 ml
20 ml
15 ml
10 ml
10 ml
10 ml

50 ml Producer
10 ml
Sigma
7.5 ml
vwr
5 ml
Sigma
5 ml
Sigma
5 ml
Sigma

Cat.nr
S-1504
27808.297
G-5516
E-4378
P-8010

5 ml
1.5 ml

2.5 ml
750 µl

Sigma
Sigma

H-0887
M-8266

1 ml
1ml

500 µl
500 µl

Sigma
New
England
BioLabs

T-8532
P07758L

To 100
ml

To 50
ml

Producer
PerkinElmer
Eppendorf
Thermo Fisher
Scientific
VWR
Syngene
Essen Bioscience
Essen Bioscience
Thermo Fisher
scientific
Life Technologies
Bio-Rad
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Software
Countess
Genesnap
IncuCyte 2011A
IncuCyte ZOOM
2013B

Primary
Antibodies
Total AXL
GAPDH
Phospho-ERK
(Thr202/Tyr204)
ERK ½
Phospho-Akt
(Ser473)
AKT

Working
concentration
1:1000
1:2000
1:1000

Cell Signaling
Cell Signaling
Cell Signaling

Catalogue
number
8661
2118
4370

Rabbit
Rabbit
Rabbit

1:1000
1:1000

Cell Signaling
Cell Signaling

4695
9271

Rabbit
Rabbit

1:1000

Cell Signaling

9272

Rabbit

PARP

1:1000

Cell Signaling

9532

Rabbit

Cleaved Caspase-3

1:1000

Cell Signaling

9664

Rabbit

α-tubulin
MITF
β-actin
Simple Western
Total AXL
β-actin
Secondary
antibodies
Anti-rabbit

1:2000
1:1000
1:2000

Cell Signaling
Cell Signaling
Sigma Aldrich

2144
12590
A5316

Mouse
Rabbit
Mouse

1:100
1:300

Cell Signaling
Cell Signaling

8661
4967

Rabbit
Mouse

1:5000 in 5%
non-fat dry
milk
1:5000 in 5%
non-fat dry
milk

Dako

P0448

Dako

P0448

Anti-mouse

Provider
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