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Summary  

Cabozantinib is a RTK inhibitor with main purpose to inhibit the VEGFR, KIT and MET 

receptors. The FDA has recently approved cabozantinib in the treatment of advanced renal 

cell carcinoma and metastatic medullary thyroid cancer. Oral melanoma (OM) tends to 

generate metastases early in disease development, but patients rarely experience early 

symptoms. This in turn results in a poor prognosis. Biological behaviour and treatment 

response is often similar in both humans and dogs, in addition dogs develop OM more 

frequently than humans, which makes canine an excellent animal model to study disease 

development and treatments. The goal of this study was to investigate the anti-cancer 

efficacy of cabozantinib on canine OM cell lines.   

In vitro experiments were done by studying cell viability, apoptosis, cell cycle, spheroid 

growth, cell outgrowth from spheroids, clonogenic potential, and signaling pathways of 

selected RTKs in canine melanoma cells after cabozantinib treatment. For this purpose, 

general subculture techniques, flow cytometry, light- and confocal microscopy as well as 

western blots were used. 

The results showed that cabozantinib reduced cell viability with IC50 doses in the low µM 

range. Cabozantinib treatment induced apoptosis, and decreased spheroid outgrowth and 

metastasis. Colony formation and cell cycle distribution was not affected by low doses of 

cabozantinib. When spheroid growth was observed for 21 days, low doses of cabozantinib 

reduced growth for all cell lines. Western blots revealed that the p-MET level was not 

influenced by cabozantinib treatment, however p-KIT levels were decreased for all cell lines. 

In conclusion, we found that cabozantinib exhibited antitumour effects on our canine OM 

cell lines in vitro. These results indicate that cabozantinib may also be applied in a in vivo 

setting for humans and animals. Because this study only explored the effect of cabozantinib 

on the KIT and MET pathways, data do not exclude the possibility that cabozantinib block 

other pathways, resulting in the favorable effect seen on tumour behavior.  
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1. Introduction 

1.1 Malignant OM: Incidence for humans and canines 

Malignant melanoma of mucosal origin in the oral cavity is a rare and aggressive neoplasm 

arising from melanocytes. Melanocytes can be found in the basal layer of the epithelium, 

where they produce the pigment melanin in specialized organelles called melanosomes. 

During embryogenesis melanocytes migrate to the skin, hair follicles, retina and to various 

mucosal membranes. In skin, melanocytes play a protective role against the harmful effects 

of ultra violet (UV) radiation from sun exposure, but in mucosa their function is still unclear. 

Mucosal melanoma is a rare form of melanoma, and accounts for approximately 1 % of all 

melanoma cases [1, 2]. Normally mucosal melanoma arise in the head and neck region (55 

%), but it can also arise in the anal/rectal region (24 %), female genital tract (18 %) and in 

the urinary tract (3 %) [1]. Roughly 2 % of all head and neck mucosal melanomas are 

expected to be found in the oral cavity [3]. Oral melanoma (OM) makes up 0.5 % of all oral 

malignancies (figure 1.1) [4].   

OM affects the upper aerodigestive tract, and the tumours are frequently found in sites of the 

hard palate or the maxillary gingiva in humans [5]. The clinical presentation of OM ranges 

from macular, nodular to ulcerated, were ulcers are associated with an advanced stage of the 

disease with development of metastasis [6]. The neoplasm is irregularly shaped with variable 

colour shades, depending on the pigmentation distribution. Lesions are usually black in 

colour with shades of dark blue, grey or brown, but non-pigmented lesions also exist called 

amelanotic melanoma [2, 7].  

The aetiology of OM is still unknown, but factors including tobacco use, chronic irritation 

and environmental carcinogens are possible risk factors mentioned in the literature, but not 

confirmed [4]. The average age of affected patients is 55 years, ranging between 22-88 years 

old. Patients typically lack symptoms and with a neoplasm arising in the oral cavity, the 

disease is often discovered and diagnosed at an advanced stage [8]. In general, mucosal 

melanomas behave more aggressively than cutaneous melanoma. Due to early and aggressive 
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vertical growth, metastasis rates are high with frequent relocation to lymph nodes (10-25 %) 

and distant sites (5-10 %) like liver, lung, bone, and brain [9, 10]. This gives patients a poor 

prognosis with an overall five-year survival rate at approximately 15 %, with median 

survival time (MST) approximately two years from the time of diagnosis [1, 4]. 

OM is more common in canines than in humans, and is the most common oral malignancy in 

dogs, accounting for 30-40 % of all oral malignancies and 4 % of all canine tumours (figure 

1.1) [11]. This type of cancer is commonly seen in Scottish terriers, golden retrievers, 

poodles, chow-chows and dachshunds [12]. Like in humans, mucosal melanoma differs in 

pathobiology from cutaneous melanoma, often behaving more aggressively. Untreated dogs 

live only for 65 days, and metastases can be seen in 70-95 % of all cases. Lymph nodes are 

frequently the main site of metastasis (74 %), but development of pulmonary metastases is 

also common [11, 13].  

 

Figure 1.1- Prevalence of human and canine OM: Comparison of oral melanoma in human 

and canine based on percent of all cancers, and percent of all oral malignancies worldwide. The 

figure is made with data from [4, 12, 14, 15].  

 

 

1.2 Canine OM cell lines as a model for human OM 

Dogs may be regarded as appropriate and valuable models to study spontaneous tumours in 

humans. Thus, the dog as a model system provides an opportunity to obtain increased 

knowledge about cancer biology and therapeutic response. Almost half of the Norwegian 
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population owns a pet, and 14 % owns a dog [16]. In general, malignancies in dogs develop 

in the same organs as in humans, and is the main cause of death in dogs. The progression of 

cancer is considerably faster than in humans, and therefore results on responses to new 

therapeutic intervention may be obtained faster [17]. Dogs live in the same environment and 

are exposed to the same environmental carcinogens as humans, making such a model 

relevant when studying carcinogens as a possible causative factor in cancer development 

[18].  

Dogs represent a natural outbred population with spontaneously occurring tumours, 

compared to inbred laboratory animals where tumours either are induced either through 

carcinogenic exposure or transplantation. To make laboratory animals responsive to the 

induced cancer, they are often immunocompromised, whereas companion animals normally 

have a healthy immune system. Companion animals usually get good care and have loving 

caregivers, who make sure their animals are in good shape with good mental health. In the 

United States 70 % of pet owners utilize veterinary services, and most caregivers demand the 

highest quality of care [17]. 

There is a lack of established “standard of care” for many tumours, which makes it easier and 

morally acceptable to attempt new forms of therapy on animals. Well-designed clinical trials 

involving companion animals are often more acceptable to the public, compared to 

laboratory animal trials and human trials. Compared to human clinical trials, animal trials are 

less expensive, and it is easier to expand study subjects without the concern about where to 

accommodate the animals. As dogs develop OM more frequently than humans, it may be 

possible to obtain a large study group more easily, thus providing statistically more reliable 

treatment results. Biological behaviour and treatment response is often similar in both 

humans and dogs, which makes canine an excellent animal model to study disease 

development and treatments [17, 19]. Studies have confirmed a significant clinical and 

histopathological overlap between canine and human mucosal melanomas, likely making 

results from canine cell lines also applicable to the human setting [20].  
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1.3 OM: genetic alterations 

The mutations and genetic alterations leading to OM are not fully understood, and published 

studies lack confidence in their results due to inclusion of few patients. Because of the rarity 

of this disease, data on tumour behaviour and mutation status are only accessible through 

case reports, as large clinical series are lacking [21]. However, some mutations are 

associated with OM, and those will be discussed in the following. 

KIT mutations are common with appearances in 39-89 % of oral mucosal melanomas [22, 

23]. The KIT receptor is a tyrosine kinase receptor, which plays a vital role in proliferation, 

migration, and survival of cells. When mutated, the receptor can be independent of its ligand, 

be amplified, constantly activated, or not present. Activated KIT phosphorylates various 

downstream signalling pathways, such as the mitogen-activated protein kinase pathway 

(MAPK) and the phosphoinositide-3-kinase pathway (PI3K). Both MAPK and PI3K 

pathways play a pivotal role in cell proliferation and survival, and may lead to cancer if not 

controlled (Figure 1.2) [23].  

The MAPK pathway is implicated in the progression of melanoma, and activates 

downstream proteins like RAS. Overexpression of RAS in 89 % of OM was reported by 

Rivera and colleagues, whereas no expression was detected in normal melanocytes from the 

oral cavity. The RAS protein was found both in situ and in invasive phases of OM, which 

could be a result of a KIT mutation, possibly activating the MAPK and PI3K pathways 

(Figure 1.2) [24]. In another study by Rivera and co-workers, the KIT mutation was detected 

in abnormal melanocytes as well as in advanced stages of OM [23]. This may indicate that 

the KIT mutation can be important during early development of OM, and perhaps necessary 

for disease development. Together, these results suggest that RAS activated by a KIT 

mutation may have a pertinent role in OM disease development [23, 24]. Tacastacas and 

colleagues compared published studies where treatment with KIT inhibitors had been used 

on mucosal melanoma patients with different KIT mutations. Pooled result of the study 

showed an overall response of 51 %, providing evidence that KIT inhibitors may be effective 

in this selected OM population. Still the outcome for patients remained poor, proving the 
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need of a more efficient therapeutic approach and effective treatment options in order to 

increase survival rate [25]. 

NRAS and BRAF mutations are relatively common in cutaneous melanoma, but highly 

uncommon among mucosal melanomas [26, 27], suggesting a difference in origin for these 

melanomas [23]. Although NRAS and BRAF mutations are rare, they still needs to be 

considered in the pathobiology of OM, as it may contribute to tumour progression and 

tumourigenesis by providing an alternative molecular mechanism to disease development or 

progression [24]. Loss of PTEN has also been observed in 4 out of 7 dogs with OM. PTEN is 

a tumour suppressor gene which is an important inhibitor of the AKT and mTOR pathway 

[28].  

Overexpression of RAS, a high rate of KIT mutations combined with NRAS and BRAF 

mutation and loss of PTEN indicates that overlapping molecular activities may occur in OM 

development and progression (Figure 1.2). The variation in mutations as well as the lack of 

response in molecular therapies strongly supports the conception that OM may have several 

other oncogenic events than what is observed in skin melanomas [24, 28].  

 

Figure 1.2- Signal pathways involved in OM: Altered KIT and overexpression of RAS leads to 
activation of MAPK and P13K pathways. Figure is reprinted with permission from the author Fernando 
Augusto and Atlas publisher [29].   
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1.4 Diagnostic and therapeutic procedures for OM in Norway.  

OM can be difficult to diagnose, because there is a lack of standard diagnostic and 

therapeutic procedures as of today. There is no international established classification 

system, staging system or grading system for OM [1, 6]. Neither the World Health 

Organization (WHO) or the American Joint Committee of Cancer (AJCC) have developed 

systems for classifying this subtype of cancer [9]. Therefore classification, staging, and 

therapeutic procedures presented are based on the Norwegian national guidance procedures 

[30].  

 

Classification of OM tumours  

Usually the TNM Classification of Malignant Tumours (TNM) staging system of the AJCC 

is used to stage OM. In 2010, a new chapter of the 7th edition made by the AJCC included 

staging of mucosal melanoma of the head and neck, which is included in the diagnostic 

process of OM. In the AJCC staging protocol, mucosal melanoma staging starts at stage III, 

which support the concept of the advanced disease [30, 31].   

OM tumours can be graded by the WESTOP (Western Society of Teachers of Oral 

Pathology) Banff Workshop classification. Based on their histological pattern, they are 

divided into in situ melanoma (15 %), invasive (30 %), and combined invasive melanoma 

with in situ components (55 %) [2]. Immunohistochemistry is used to confirm final 

diagnosis. OM shows immunoreactivity towards s-100 protein, MART-1 and tyrosinase 

(T311) antigens, and these are useful diagnostic tools as melanocytic differentiation markers. 

In cases of amelanotic melanoma, immunohistochemistry is especially important to 

determine the correct diagnosis, and is also used to distinguish OM from differential 

diagnosis, such as smoking- associated melanosis, Addison’s disease, Peutz- Jeghers 

syndrome, amalgam tattoos and racial pigmentation [30, 32].  
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Treatment strategies against OM 

Due to its rareness, there are no randomised clinical studies to provide any evidence-based 

treatment. Even though it is uncertain if surgery is the most effective treatment, extensive 

surgery with wide margins is the preferred treatment. Patients get further treatment with 

immunotherapy, based on the genetic profile of the tumours. Mucosal melanoma usually 

respond poorly to radiotherapy, although some authors have reported prolonged survival and 

local tumour control [33]. Radiotherapy is considered in advanced cases with distant 

metastasis, where surgery is too comprehensive [30]. Even after treatment, 20 % of the 

patients suffers from local recurrences, and in 45 % of the cases local recurrence with distant 

failure is seen [10]. 

Previous clinical trials have used interferon-α (IFN-α) [34], Corynebacterium Parvum [35], 

and cytotoxic treatment with dacarbazine [36], without increasing the lifespan of patients 

considerably.  

Surgery and/or radiation therapy is also the preferred choice of treatment for canines. After 

surgery, the MST often correlates with the stage and the size of the tumour, which is reported 

to be 17–18 months for tumours of < 2 cm in diameter, 5–6 months for tumours between 2-4 

cm in diameter, and 3 months for tumours > 4 cm in diameter [13, 37]. The low MST is 

likely due to local recurrence (42-70 %) and distant metastases (79 %) seen in dogs after 

surgery [38]. Treatment with radiotherapy alone or combined with chemotherapy resulted in 

a lower local recurrence rate (12-32 %) in the dogs, but a high rate of metastasis (around 50 

%) decreased the lifetime of the affected dogs [39, 40]. Several studies on dogs have 

investigated different primary and adjuvant treatments, but no clinical advantage was seen in 

the dogs due to high occurrence of metastasis and local recurrence [11, 40-43].  

Immunotherapy and cancer vaccination has been evaluated in the treatment of canine OM. 

Chondroitin sulphate proteoglycan-4 (CSPG-4) and programmed cell death protein 1 (PD-1) 

are highly expressed in canine OM, and have been evaluated for their value as 

immunotherapeutic targets. CSPG-4 is an important tumour antigen in human melanoma, 
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and can be detected in around 57 % of canine OM [44]. Vaccination with CSPG-4 antigen in 

resected II/III-staged CSPG4-positive dogs with OM, showed longer disease free interval 

with a MST of 468 days, compared to 200 days for unvaccinated CSPG-4 positive dogs. 

Local recurrence and metastasis rates were also decreased compared to non-vaccinated dogs, 

with 34,8 % vs 42 % and 39 % vs 79 % respectively [37]. PD-1 are immune checkpoint 

receptors that binds to its ligands on T-cells, playing a key role in suppressing the immune 

system and thereby enabling the tumour to evade the immune system. The receptors are 

activated in 90-100 % of canine OM, therefore PD-1 inhibitors may be promising as a 

therapeutic agent against these tumours [45]. Another strategy explored is the use of 

xenogeneic vaccination encoding human tyrosinase (Oncept™, Merial®, Duluth, GA, U.S.A). 

Two independent studies have shown induced antitumour responses in canine OM [46, 47], 

but a third study reported that the Onecept vaccine had no effect [48], leaving the treatment 

strategy disputable.  

Although there are several studies investing different treatment strategies against human and 

canine melanomas, there is to the best of my knowledge still not a treatment able to cure OM 

in canines or humans. Therefore, there is still a need for developing new and improved 

treatment strategies.  

 

1.5 Cabozantinib   

Cabozantinib is a small-molecule tyrosine kinase inhibitor, identified as XL184 (Exelixis, 

South San Francisco, CA). It is chemically developed with the potential to inhibit the 

receptor tyrosine kinases (RTKs) KIT, MET and VEGFR, as well as several other RTKs 

associated with tumour pathology, including RET, ROS1, TYRO3, MER, TRKB, FLT-3 and 

TIE-2 receptors [49]. The structural formula of cabozantinib is shown in figure 1.3. When a 

malate group is added to the drug, it is orally bioavailable [50].  
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Figure 1.3- Structure of Cabozantinib: The figure illustrates the chemical structure of 
cabozantinib (XL182). The figure is adapted from [51]. 

 

Cabozantinib was approved by the Food and Drug Administration (FDA) in 2012 as 

treatment for metastatic medullary thyroid cancer and in 2016 for patients with advanced 

renal cell carcinoma. It is marketed as Cometriq for metastatic medullary thyroid cancer and 

as Cabometyx for patients with advanced renal cell carcinoma. Both medicaments are 

associated with severe side-effects like serious gastrointestinal fistulas and perforations, and 

potentially fatal gastrointestinal hemorrhage. Diarrhea and hypertension is also a common 

side-effect of cabozantinib consumption [52]. 

Cabozantinib is as of today in several trials for different malignancies, like neurofibromatosis 

(phase 2), castrate resistant prostate cancer (phase 2), KRAS wild-type metastatic colorectal 

cancer (phase 1), non-small cell lung cancer (phase 1) and triple-negative breast cancer 

(phase 2), among others [53, 54].   

Cabozantinib is specifically designed to target RTKs. There are approximately 60 different 

RTKs identified in mammals, which main function is to regulate signal processes related to 

development, cell function and tissue homeostasis. They all share some basic structural 

features, and all are transmembrane glycoproteins. Their location makes them able to be 

activated by their cognate ligands-growth factors from outside the cell and start a signalling 

cascade inside the cell [55]. Ligand binding induces dimerization of the receptors, resulting 

in trans autophosphorylation of each other’s tyrosine side chains within the cytosolic side. 

Autophosphorylation means the transfer of the ɣ- phosphate of ATP to the hydroxyl group on 

tyrosine. This will cause a conformational change on the tyrosine side chain, resulting in 

generation of binding sites for adaptor proteins bearing a Src homology region (SH2) or a 
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phosphotyrosine binding domain (PTB domain). When adaptor proteins are bound and 

activated, they continue downstream signalling in one or several cascades ending in the 

nucleus with altered gene expression [56]. Strict regulation of RTK activity is essential to 

prevent unwanted signalling. Mutations, gene rearrangement or gene amplification of both 

receptor and ligand can cause dysregulation of RTKs, and have been implicated as causative 

factors in development and progression of numerous cancers [57]. As mentioned, 

cabozantinib target the RTKs; MET, VEGF and KIT receptors, among others. Their function 

in cancer and therapeutics will be discussed further below.  

 

MET 

The ligand of MET is the hepatocyte growth factor/scatter factor (HGF/SF), and is essential 

for normal embryonic development, as well as epithelial to mesenchymal transition, cell 

migration and invasion, cell proliferation and survival, angiogenesis and morphogenic 

events, both in embryonic and adult life. The signalling pathways of MET can be activated 

when the receptor is bound to HGF/SF (Figure 1.4). All pathways stimulate growth and cell 

survival, and make MET to an oncogene. The different signaling pathways are activated 

depending on which adaptor proteins that are bound to the phosphorylated tyrosine kinase. 

The phosphorylated tyrosine side chain functions as a multidocking site for several adaptor 

proteins, which in turn recruit several signal transducing proteins to form a signalling 

complex that continue downstream signalling until reaching the nucleus [58]. 

MET signals through four major pathways; the MAPK pathway, PI3K pathway, Signal 

transducer and activator of transcription 3 (STAT3) pathway and the nuclear factor kappa-

light-chain-enhancer of activated B cells (IkBa-NF-kb) pathway (figure 4.1). All pathways 

stimulate to growth, and contribute to tumour development if MET is dysregulated. 

MET can become dysregulated by several mechanisms that result in cancer development. In 

normal cells, HGF/SF is a paracrine factor produced by mesenchymal cells. Some cancers 

get activated in a ligand dependent manner where cells express both HGF/SF and MET, 
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resulting in a constitute activation of MET and its downstream signalling pathways. This 

autocrine loop promotes tumour development with an invasive behaviour, and is associated 

with a poor prognosis. HGF is produced and secreted as pro-HGF, and needs to be 

enzymatically cleaved to function as a growth factor. Proteins with such activity have been 

detected in some tumours, but their mechanism in tumour development remains to be 

established [59].  

MET can also be activated by ligand-independent mechanisms. Overexpression of MET by 

gene amplification, enhanced transcription, or posttranscriptional mechanisms have been 

observed in tumours. Increased presence of MET receptors in the cell membrane increases 

the risk of spontaneous MET dimerization. This is generally not sufficient to trigger MET 

activation, but if transactivated by other membrane receptors they can be activated. Such 

clusters of dimerized MET get inhibited by suppressor molecules, but in tumour cells these 

may be inactivated, stimulating oncogenic development and progression [59].  

Chromosomal rearrangement of MET is also a causal factor for tumour development. One 

oncogenic form of MET is the TPR-MET fusion which encodes an oncogenic hybrid protein 

that constantly activates MET [60]. Absence of normal negative regulators of MET can also 

lead to constitutive MET activation and tumourigenesis. In metastatic B16 melanoma cells, 

phosphatases that normally are responsible for MET dephosphorylating, internalization, and 

degradation of MET are downregulated, leaving MET to be constitutive activated [61].  

Finally, several somatic or inherited mutations in the MET gene can lead to an oncogenic and 

typically ligand-independent edition of MET contributing to cancer [59].   

 

VEGFR 

It is established that angiogenesis is critical for tumour growth and invasion, and it is one of 

the hallmarks of cancer [62]. Vascular endothelial growth factor (VEGF) and its receptors 

VEGFR 1, 2, or 3 is responsible for this pathway in many cancers. Solid tumours can grow 
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up to the size of 1–2 mm before they start lacking oxygen and nutrients. They are dependent 

on angiogenesis for further growth, which is the development of new vasculature from 

existing blood vessels. In malignancy, VEGF is often constantly activated, either by a 

mutation leading to this constant activation, or by tumour driven upregulation of VEGF 

expression by pro angiogenesis factors, such as VEGF-A, placental growth factor (PlGF) and 

angiopoietin-1 (ANG1) [63]. Tumour cells consume less oxygen than normal cells, and 

normally they rely on a higher glycolysis to maintain ATP level. Nevertheless they need 

adequate levels of oxygen, if not the cells will get into a hypoxic state activating hypoxia-

inducible transcription factors (HIFs) through the HIF pathway that stimulates angiogenesis 

[64]. In one way or another, tumour cells overcome hypoxic conditions by maintaining 

adequate oxygen levels. The formation of vasculature from existing blood vessels are often 

referred to as the angiogenetic switch and will continue as long as the tumour grows. The 

newly formed vessels will grow towards the tumour and infiltrate it. Newly formed 

vasculature are often leaky, making it easier for cancer cells to invade and migrate through 

the blood circulation [65].  

Due to the importance of angiogenesis in cancer, different angiogenic inhibitors have been 

developed. VEGFR was an attractive target which was thought to have effect on the 

metastatic potential of cancer cells, as well as decreasing the tumour size. However, evidence 

suggest that VEGFR therapy alone fails to induce tumour remission, and the result is often 

the opposite of what should be expected. After treatment with VEFGR inhibitors in mice 

with pancreatic carcinoma local invasiveness and metastases were developed [66]. Recent 

evidence also suggests that tumours can become resistant to antiangiogenic drugs, possibly 

through alternative pathways such as MET, but also due to genetic mutations and instabilities 

associated with tumour cells [67]. In contrast, dual inhibition of VEGFR and MET with 

cabozantinib has been successful in reducing tumour size and invasiveness, and has inhibited 

the development of metastases [68, 69]. 
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KIT 

KIT is the receptor of the stem cell factor (SCF) and plays a significant role in regulating red 

blood cell production, lymphocyte proliferation, mast cell development and function, 

melanin formation, and gamete formation. The receptor is expressed in hematopoietic 

progenitor cells, mast cells, germ cells, interstitial cells of Cajal, melanocytes, and in some 

human tumours [70]. SCF has been proven to activate the MAPK pathway, the PI3K 

pathway, the JAK/STAT pathway, and the Src signaling pathway (Figure 1.4) [71, 72]. 

These pathways are important in cell migration and proliferation, angiogenesis and cell 

invasion, as well as apoptosis and cell survival.   

 

Figure 1.4- Mechanism of action of Cabozantinib: Simplified overview of pathways inhibited 
by cabozantinib. VEGFR is important for angiogenesis. KIT and MET can activate the MAPK 
pathway (orange), the PI3K pathway (blue) and the JAK/STAT pathway (purple). KIT can also 
activate Src signaling (yellow), while MET can activate the NFkB pathway (pink). The figure is 
made with data from [51, 55, 58, 64, 71, 72].  
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Abnormal KIT expression or function has been reported in several human diseases. 

Autocrine loops where the tumour produces both the KIT receptor and SCF, have been seen 

in some tumours. Interestingly, both gain- and loss of function mutations have been seen in 

tumours, including melanoma [22, 73]. KIT was originally considered to be a tumour 

suppressor gene, based on the decreasing protein level observed in in situ components 

compared to invasive components. However, increased KIT or SCF expression clearly have 

an oncogenic role in some melanomas, including OM [74].  

Studies show that targeting only VEGFR or only KIT can result in MET activation [67, 75]. 

As KIT is known to be implicated in OM, and VEGFR is important for angiogenesis, 

cabozantinib serves as a strategical drug. By targeting all three receptors, the risk of inducing 

resistance may be decreased.  

 

1.6 Experimental methods  

A variety of methods to assess viability of cultured cells and cytotoxity of anticancer drugs 

exist. The assays and methods used in research should be reliable, sensitive, reproducible and 

inexpensive to perform [76]. Basic principles of some in vitro assays and methods used in 

this paper are discussed in the following chapters.  

 

Viability assay  

A viability assay is a fast and reliable method to study drug efficiency on cancer cells. 

Several classical assays exist for measuring cell survival and proliferation, but resazurin is 

perhaps the most convenient one. The resazurin dye provides a simple, reliable, and rapid 

method to measure cell viability with low costs and high reproducibility. Resazurin can be 

reduced into resorufin, a pink fluorescent dye which can be measured using a microplate 
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reader (Figure 1.6). This reduction of resazurin in growth media is in direct correlation with 

the quantity of living organisms present. It is likely the oxygen consumption from 

metabolizing cells that causes the reduction of resazurin, although it has been suggested that 

mitochondrial enzymes can be responsible for the reduction [77]. It is not known whether the 

chemical reaction takes place inside the cell or in the medium. Regardless of the mechanism 

of action, the assay is reliable and proven to be a useful tool to measure cell viability [78].   

 

Figure 1.5- Reduction of resazurin: Non-fluorescent resazurin is reduced into fluorescent 

resorufin in direct correlation with the quantity of living organisms present. The figure is modified 

and used with permission from [79].  

 

Basic principles of flow cytometry  

Flow cytometry is a method to analyse single cells in a suspension. A light beam is focused 

in the observation region. Forward and side scattered light will be deflected from the cells, 

and fluorescence of different wavelengths can be recorded in addition (Figure 1.7). 

Typically, one to six or more fluorescence colours can be measured through different filters 

(FL1 to FL6). Forward scatter gives information about the cell size, while side scattered light 

reflects granularity of the cells. Samples can be stained with fluorescent chemicals or 

antibodies to label components of the cell. Data are processed to give information about the 

different populations within a sample [80].  
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Figure 1.6- Basic principle of flow cytometry: Cells in fluid pass through the light of a laser 
which illuminates the cells. Forward and 90˚ side scattered light as well as fluorescence is 
detected and analysed by a computer. The illustration is created with figures from [81, 82] and 
with permission from © Abcam plc. 

 

DNA analysis is one of the most important applications of flow cytometry. Cells are fixed 

and stained before measurement of DNA content to give information about the cell cycle 

distribution. Cells are typically stained with propidium iodide (PI), which targets the DNA 

[83].  

Flow cytometry is frequently combined with annexin V staining to measure apoptotic cells. 

Phosphatidylserine (PS) is a phospholipid and a component of cell membranes. In healthy 

cells PS is facing the cytosolic side, but during apoptosis these PS get “flipped” to facing the 

outside of the cell membrane. Annexin V is a calcium dependent phospholipid-binding 

protein with high affinity towards PS, and can therefore be used as a probe to detect 

apoptosis. In necrosis PS will also be “flipped”, but the cell membrane will not be intact as 

during apoptosis. Annexin V is normally fluorescence isothiocyanate (FITC)-labelled (green 
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fluorescence) and used in combination with a vital dye such as PI to distinguish apoptotic 

and necrotic cells. Living cells with intact membranes exclude PI, whereas the membranes of 

dead and damaged cells are permeable to PI. Based on this information, living cells are both 

annexin V and PI negative, while cells that are in early apoptosis are annexin V positive and 

PI negative, and late apoptotic or dead/ necrotic cells are positive for both annexin V and PI 

[84, 85].  

 

Western blotting  

Western blotting is a powerful tool to immunodetect proteins after electrophoresis. Using a 

sodium dodecyl sulphate (SDS) polyacrylamide gel, proteins can be separated based on 

molecular weight. Once separated, proteins can be transferred to an absorbent membrane, 

forming an exact replica of the gel. Antibody probes targeting the membrane bound proteins 

can be added for the immunodetecting of the proteins of interest. A secondary antibody with 

fluorescence or with conjugated enzyme activity/ enzyme substrate is added, making it able 

to visualize the band of the protein of interest (Figure 1.8). Intensity of the visualized band is 

in correlation with the amount of the protein [86, 87].    
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Figure 1.7- Basic steps in western blotting: (A) Proteins are separated using SDS–PAGE gel 
prior to Western blot. (B) Proteins are transferred to an absorbent membrane. (C) Primary 
antibody binding to a specific band on the blot. (D) Secondary antibody conjugated to an 
enzyme of fluorescence binds to primary antibody. (E) Visualization of specific band showing 
the protein of interest. The figure is reprinted with permission from [87].  
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2. Aims 

OM is a rare, but highly mortal disease which affects both humans and companion animals. 

Standard care of patients is lacking, and no effective treatment is developed to cure the 

disease. For this purpose, the University of California at Davis have harvested cells from 

canines with OM, which are used in this project. This project is part of a larger program at 

the Kristian Gerhard Jebsen Brain Tumour Centre at the Department of Biomedicine, 

University of Bergen, where one of the main research fields is brain metastasis. 

The main aim of this master thesis is for the first time to study the effects of cabozantinib in 

the treatment of canine OM. If successful, this drug can be one step closer to offer an 

efficient treatment for OM in dogs, as well as in humans.  

  

Two sub-aims have been defined for this thesis:   

1. Evaluate the anti-cancer efficacy of cabozantinib as a potential therapeutic agent 

against canine OM cell lines based on ability to: 

a. reduce cell survival and inhibit cell proliferation 

b. reduce tumour spheroid size and migration 

c. induce apoptosis and cell cycle arrest in canine OM cells 

2. Evaluate if cabozantinib effectively inhibits VEGFR, MET and KIT receptors, by 

studying the effect on the phosphorylated form of these receptors.   
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3.  Materials and Methodes 

3.1 Cell lines used in this thesis  

Five different cell lines; UCDK9M1, UCDK9M2, UCDK9M3, UCDK9M4 and UCDK9M5 

from canine OM were used in this thesis, all provided by Dr. M. Kent from the University of 

California at Davis. For simplicity, the cell lines will be referred by their two last characters 

(M1-M5) in the following. The M3 cell line is a pulmonary metastasis, and the M4 cell line 

is generated from a skin regrowth of OM. The remaining three cell lines are metastases from 

lymph nodes (M2, M5) and (M1) from a skin lesion. Information about the different cell 

lines are described in table 3.1. Gender, age and breed for each cell line is listed, as well as 

information about the tumour origin.    

 

Table 3.1- Canine cell lines: Information concerning gender, age, breed, and tumour origin 
from dogs used in this paper.   
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Status on some mutations and proteins belonging to M1-M5 cell lines has been published 

previously. Chon and colleagues concluded that the canonical Wnt/β catenin pathway is not 

activated in these cell lines, suggesting that targeting β-catenin has poor therapeutic potential 

[88]. Wei and co-workers tested the cell lines for BRAF and NRAS hot spot mutations. The 

M5 cell line tested positive for the NRAS Q61 mutation, whereas the other cell lines did not 

bear any of these mutations [89]. Information about expressed proteins found in all of the 

cell lines M1-M5 are presented in table 3.2.  

 

Table 3.2: List of proteins expressed in all cell lines M1-M5 from published articles. 
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3.2 General cell culture work 

All cell lines were cultured with ALT DMEM growth medium (see table 3.3) in culture 

flasks with filtered caps (25, 75 or 175 cm2, Thermo Scientific, Nunc, Roskilde, Denmark). 

Flasks were stored in an incubator at 37 °C with 5 % CO2 and 100 % humidity. All work 

involving cells was performed in a sterile environment inside a laminar flow cabinet bench, 

prewashed with 70 % ethanol. Solutions frequently used for cell culture are listed in table 

3.3.  

 

Table 3.3: Solutions frequently used for cell culture. 

NAME SUPPLIER 

ALT DMEM:  

      -     450 mL Dulbeccos modified eagle’s medium Sigma-Aldrich Inc., St. Louis, MO, USA 

- 50 mL Heat inactivated fetal calf serum (FCS) Fischer Scientific, MA, USA 

- 10 mL L-Glutamine, 200 nM BioWhittaker, Verviers, Belgium   

- 10 mL Penicillin/Streptomycin (PEN-STREP), 100 

µL/mL  

BioWhittaker, Verviers, Belgium  

- 16 mL Non-essential amino acids 100X BioWhittaker, Verviers, Belgium 

- 0,1 mL Plasmocin 25 mg/mL  Invitrogen, CS, USA 

Dulbeccos phosphate- buffered saline (PBS) 10 X * Sigma-Aldrich Inc., St. Louis, MO, USA  

Trypsin EDTA, 0.25%  BioWhittaker, Lonza, Verviers, Belgium  

Dimethyl sulfoxide (DMSO), >99 % 

Cabozantinib XL 184 (>99% chemical purity) 

Sigma-Aldrich Inc., St. Louis, MO, USA  

ChemieTek, Indianapolis, USA 

Blue filter cap sterile flasks: 25 cm2, 75 cm2 and 175 cm2 Thermo Scientific, Nunc, Roskilde, 

Denmark 

*1X PBS used in this thesis is made from 10X PBS diluted in autoclaved milliQ water.   
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During the experiments flasks were regularly trypsinated and sub-cultured when almost 

confluent. This was done by removing old growth medium, then cells were washed twice 

with 0.04 mL/cm2 1x PBS (Sigma Aldrich Inc. St. Louis, MO, USA) before 0.017 mL/cm2 

trypsin were added (BioWhittaker, Lonza, Verviers, Belgium). Cells were further incubated 

until detached from the flask, then 0.06 mL/cm2 ALT DMEM (see table 3.3) was added to 

inhibit the effect of trypsin. Further, 30-500 µL of the trypsinated cells were transferred into 

a new flask with 0.17 mL/cm2 growth medium, and placed in an incubator. 

When cells were not used, they were cryopreserved and stored in liquid nitrogen at -196 °C. 

This was done by centrifugation of the trypsinated cells for 4 minutes at 900 rpm. The 

supernatant was removed, and the cell pellet was resuspended with freezing solution 

consisting of 10 % Fetal Bovine Serum (FBS) (Life Technologies, Gibico, South America), 

10 % DMSO (Sigma Aldrich, St. Louis, MO, USA) and 80 % ALT DMEM (see table 3.3), 

then aliquoted into 1 mL cryotubes (Thermo Scientific Inc., MA, USA) and frozen in -80 °C 

for at least 24 hours before stored in liquid nitrogen. Cells from cryotubes were thawed as 

required. The freezing solution was then removed by centrifugation, and the cell pellet was 

resuspended with 5 mL ALT DMEM and transferred into 25 cm2 growing flasks containing 

10 mL ALT DMEM. When confluent, the cells were transferred to 75 or 175 cm2 flasks.  

 

3.3 Experimental preparation  

In all experiments cells were grown in 175 cm2 flasks (if not stated differently) and used for 

experiments when reaching 70-90 % confluency. To make a cell suspension, cells were 

trypsinated and then centrifuged, before the supernatant was discarded to keep the cell 

suspension free of trypsin. Cells were counted using 0.4 % trypfan blue (Life technologies, 

Eugene, OR, USA) with CountessTM automated cell counter (Invitrogen, Oregon, USA) 

using the manufacturers protocol, described elsewhere [90].    
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All experiments were done in triplicates, and untreated control cells (negative control) were 

always used. Pure (99 %) cabozantinib (ChemieTek, Indianapolis, USA) was dissolved in 99 

% DMSO (Sigma Aldrich) to make a 200 mM stock solution. ALT DMEM (table 3.3) was 

used to dilute cabozantinib concentrations further. The highest concentration of DMSO in 

cabozantinib treatments was 0.05 % DMSO. Therefore 0.05 % DMSO controls were also 

used in some experiments to ensure that this did not affect tumour cells. Dissolved 

cabozantinib stock (200mM) was stored in -20 ˚C for maximum 4 months, and diluted 

concentrations of cabozantinib with ALT DMEM were stored in -20˚C for maximum 3 

weeks.  

 

3.4 Cell viability assays  

3.4.1 Resazurin viability assay   

To test cell survival after treatment with cabozantinib, a resazurin viability assay was 

performed on all cell lines. Cells in monolayer were treated with different concentrations of 

cabozantinib, ranging from 1 pM to 100 µM to study cell viability after 72 hours of 

treatment.  

Cell suspensions containing 25 000 or 30 000 cells pr. mL, depending on growth rate of the 

cell lines, were used to fill a 96-well plate (Thermo Scientific, Nunc, Roskilde, Denmark). 

100 µL of the cell solution were added to each well, except the outer borders which were 

filled with 100 µL ALT DMEM. After 24 hours of incubation, 100 µL cabozantinib were 

added to the wells to give the following concentrations; 0 µM (negative control), 1 pM, 10 

pM, 100 pM, 1 nM, 10 nM, 100 nM, 1 µM, 10 µM and 100 µM, see figure 3.1. The drug 

concentrations of cabozantinib were made using series of 1:10 dilutions with ALT DMEM, 

to maintain a low concentration of DMSO. Plates with drug, as well as negative controls and 

DMSO controls were added in six replicates and the experiment was repeated three times for 

each cell line (figure 3.1).   



 

 

36 

 

 

Figure 3.1- Viability assay layout: Cabozantinib concentrations ranging from 1 pM to 100 µM 
were added to the cells. The outer boarders were filled with ALT DMEM. Plates with DMSO 
controls were also made (not shown in the figure).    

 

After adding the drug, the plates were further incubated for 72 hours, before 20 µM of 0.1 

mg/mL resazurin was added. Resazurin was made by dissolving resazurin sodium salt 

(Sigma-Aldrich, MO, USA) with 1X PBS (Sigma-Aldrich Inc.). The cells were incubated for 

4 hours with resazurin before scanning with multiwall spectrophotometer (VictorTM3 1420 

multi-label counter, Perkin Elmer, Waltham, MA, USA) at excitation 560 nm/ emission 590 

nm. The software WorkOut 2.0 (Dazdag Solution, Perkin Elmer, Waltham, MA, USA) was 

used to calculate the readout values. 

The background signals from medium and resazurin were subtracted to correct the data. The 

viability values were converted into percent viability, where control samples were used as a 

reference to determine 100 % viability for each cell line. The data was further analysed using 

Graph Pad Prism v7 software (GraphPad software Inc., San Diego, CA, USA). X- values 

were transformed into their logarithmic form and Y values were normalized. The data were 

fitted to a normalized response – variable slope logistic nonlinear regression analysis. The 

data transformation demonstrated the cell viability relative to the drug concentration. Graph 
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pad calculator was used to calculate IC25, IC50 and IC90 doses of cabozantinib for all cell 

lines. 

3.4.2 Viability pictures  

To confirm the findings from the resazurin viability assay, pictures were taken with and 

without live/dead staining (Molecular Probes, Eugene, OR, USA).  

Cells were seeded in the same manner as with the resazurin viability assay (see chapter 

3.4.1). After 24 hours, cells were treated with their respectable IC25, IC50 and IC90 dosage of 

cabozantinib, DMSO control or negative control. After 72 hours of incubation pictures were 

obtained with a Nikon TE2000 light microscope (Nikon Instruments Inc., NY, USA), using 

the 10X objective. In addition, pictures were taken after 30 minutes of incubation with 2 µM 

calcein (Molecular Probes) and 4 µM ethidium homodimer-1 (EthD-1) (Molecular Probes) 

staining. These two dyes are affected by intracellular esterase activity and plasma membrane 

integrity respectively. The dye was added directly to wells containing cells and ALT DMEM. 

 

3.5 Apoptosis Annexin V Assay 

To evaluate if cabozantinib can induce cell death, an annexin V apoptosis assay was done 

and analysed with flow cytometry.     

For this assay 75 000 cells were seeded into each well of a 6-well plate (Thermo Scientific, 

Denmark). When the plates were confluent, the growth medium was removed and the cells 

were treated with cabozantinib equal to their IC25, IC50 or IC90 doses, and incubated for 72 

hours. At the day of analysis, medium from each well were transferred to sterile 10 mL 

centrifuge tubes. 1mL of 1X PBS was used to wash the cells before they were harvested by 

trypsination. 1X PBS from the cell wash, as well as trypsinated cells were transferred to the 
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tube containing medium, and centrifuged for 5 min at 1000 rpm, ensuring collection of both 

floating dead cells, apoptotic cells, and living cells.  

The supernatant was discarded and the cell pellet was resuspended with 50 µL annexin 

binding buffer (10 mM HEPES (Sigma-Aldrich, St. Louis, MO, USA), 140 mM NaCl 

(Sigma-Aldrich, St. Louis, MO, USA) and 2.5 mM CaCl2 (Merck, Darmstadt, Germany, PH 

= 7.4). Then 2.0 µL Annexin V (Alexa Fluor® 488 conjugate) (Thermo Scientific, Eugene, 

OR, USA) and 0.5 µL of 50 µg/mL propidium iodide (PI) (Sigma-Aldrich, St. Louis, MO, 

USA) were added and samples incubated at room temperature for 30 minutes, before stored 

on ice. After the incubation period, 200 µL annexin-binding buffer were added before flow 

cytometry was performed, using a BD LSRFortessa™ flow cytometer (Becton Dickinsons 

Biosciences, NJ, USA).  

 

3.6 Cell cycle arrest assay  

Flow cytometry was performed to measure potential effects of cabozantinib on the cell cycle.  

160 000 cells pr. well were seeded in 6-well plates (Thermo Scientific, Denmark). After 24 

hours of incubation, the cells were treated with their respective IC25, IC50 or IC90 doses of 

cabozantinib. Untreated cells were used as negative controls. The cells were treated for 72 

hours before they were harvested by trypsination and centrifuged at 900 rpm for 4 minutes at 

4 °C. The supernatant was discarded and the cell pellet was resuspended with 3 mL ice-cold 

100 % EtOH (VWR chemicals, Rue caulot, Fontenay-sous-bois, France). EtOH was added 

dropwise while vortexing to avoid clumping of fixated cells. Cells in EtOH were kept in the 

refrigerator for minimum of 24 hours before analysis.  

At the day of analysis, the cells were centrifuged at 1000 rpm for 5 minutes at 4 ˚C. The 

supernatant was discarded and the pellet was resuspended in 100 µL 1X PBS, before 

centrifugation at 1000 rpm for 5 minutes at 4 ˚C. The supernatant was again removed, and 
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50μL of 1 mg/mL RNase (Ribonuclease A from bovine pancreas, Sigma-Aldrich Inc., St. 

Louis, MO, USA) was added. Further, 150 µL PI (Sigma-Aldrich) was added before 

incubation for 30 minutes in room temperature, while shaded from light.  

After the incubation period, the samples were stored on ice, and analysed by an Accuri C6 

flow cytometer (Becton Dickinsons Biosciences, NJ, USA). Populations of cells were 

selected (Figure 3.2 A) and 10 000 cells within this population were analysed per sample. 

The analysis was performed by using FlowJo software (FlowJo, LLC, Ashland, OR, USA). 

Single cells were further selected (Figure 3.2 B) and presented as a histogram. FlowJo 

software calculated percent of G0/G1, S and G2/M phase for each sample (Figure 3.2 C).    

 
Figure 3.2- Analysis of cell cycle using FlowJo software. A) Population containing cells are 
selected, excluding debris and doublets. B) Population of single cells is selected. C) Data are 
presented in a histogram, and FlowJo calculated percent of G0/G1 (purple), S (yellow) and 
G2/M phase (green).   

 

3.7 Clonogenic assay  

The ability to make colonies is important in tumour progression. A clonogenic assay were 

done to study whether cabozantinib did inhibit colony formation of the cancer cells.  

The cells were seeded in a concentration of 15 000 cells pr. well in a 12-well plate (Thermo 

Scientific Inc., Denmark). When the wells were confluent, the medium was removed and the 

cells treated with their respective IC25, IC50 or IC90 doses of cabozantinib. Untreated cells 

were used as negative controls. After 72 hours of incubation, the cells were trypsinated and 
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counted before reseeded in a concentration at 1000 cells pr. well in a 6-well plate (Thermo 

Scientific, Denmark). The cells were grown for 7 days before the medium was removed and 

washed with 1X PBS. Thereafter, the cells were fixated with 4 % paraformaldehyde (PFA) 

(Thermo Scientific, Rockford, IL, USA) for 30 minutes at 37 ˚C. The PFA was removed 

before staining with 0.5 % crystal violet (Sigma-Aldrich, St. Louis, MO, USA) and 6 % 

glutaraldehyde (Merck Milipore, Darmstadt, Germany). The dye was removed, and cell 

colonies containing at least 50 cells were counted manually. 

  

3.8 Spheroid experiments  

Cell culturing in 2D monolayer vs. 3D has been compared, and there is solid evidence that 

3D cultures provide a better model to study cancer which resembles tumour growth seen in 

patients [91-94]. Cell lines cultured in monolayer suffer several limitations. For example; 3D 

in vitro culture systems have shown to present a better model concerning drug sensitivity. 2D 

monolayers also lack the 3D microenvironment, cell to cell and cell to matrix interactions 

that are important in differentiation, proliferation, apoptosis, and gene expression. The lack 

of this structural architecture in 2D monolayer can be a limitation when studying signalling 

and protein transport procedures inside the cell. 3D models such as spheroids provides a 

more realistic tumour model. Taken this in account, current preclinical research heavily relies 

on cells cultured in monolayer as they provides an easy and convenient model and a good 

model to measure cell viability [93]. Therefore, both 2D and 3D models are included in this 

thesis.  

 

3.8.1 Tumour spheroid growth  

The spheroids were observed for 21 days after treatment with cabozantinib to study potential 

effects on spheroid growth after treatment.  
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5000 cells in 100 µL were seeded into each well of a Corning Costar 96-well low 

attachment, round-bottom plate (Sigma-Aldrich, St. Louis, MO, USA), except the outer 

borders which were filled with ALT DMEM. The plates were centrifuged at 900 g for 15 min 

to form spheroids. Spheroids were grown for 6 days, before treated on the 7th day with their 

respective IC25, IC50 or IC90 doses of cabozantinib, as well as a 0.05 % DMSO control and a 

negative control. The spheroids were observed in a microscope for 21 days, and images were 

taken at the day of treatment start, as well as 7, 14 and 21 days after treatment start. The 

pictures were taken with a Nikon TE2000 light microscope (Nikon Instruments Inc., NY, 

USA), using a 4X objective for the M1 and M5 cell lines, and a 10X objective for the 

remaining cell lines. The growth medium containing drug was changed as required during 

the experiment.  

 

Live and dead staining of spheroids 

4000 cells in 100 µL were seeded into each well of a Corning Costar 96-well round bottom 

low attachment plate (Sigma-Aldrich). The plates were centrifuged for 15 minutes at 900 g to 

make spheroids. Spheroids were grown for 6 days, before treated with 100 µL of their IC50 

dose. Untreated spheroids were used as negative controls. Due to time limits, this was only 

done for the M4 cell line. The M4 cell line was chosen because of its great ability to form 

spheroids.  

After 72 hours of incubation, a live and dead viability/cytotoxicity kit (Molecular Probes) 

was used to check for cell viability. A dilution of the dye was made by adding 40 µL of the 2 

mM EthD-1 stock solution and 10 µL of 4 mM calcein AM solution pr. 10 mL of sterile 1X 

PBS. 100 µL of old growth media was removed from each well, leaving the spheroid in 100 

µL growth media. 100µL of diluted staining solution was added to the cells, leading to a 

concentration of 4µM calcein AM and 4 µM ethidium homodimer-1 in each well. After 

incubation for minimum 60 minutes, the spheroids were transferred to chambered cover 



 

 

42 

 

glass system plates (Lab-Tek, Napewille, IL, USA), and pictures were taken using a Leica 

TCS SP8 confocal microscope (Leica Microsystems, Wetzlar, Germany).     

3.8.2 Migration assay  

The ability of cancer cells to migrate is important and one of the hallmarks of cancer. To test 

the ability to migrate after treatment with cabozantinib, a spheroid based migration assay was 

performed.  

Spheroids containing 5000 cells were formed by centrifugation at 900 g for 15 minutes. The 

spheroids were grown for 7 days in Corning Costar 96-well round bottom low attachment 

plate (Sigma-Aldrich), before transferred to 24-well high attachment plates (Thermo 

Scientific Inc., Denmark) coated with collagen I (Milipore, Temecula, CA, USA) and treated 

with IC25, IC50 or IC90 doses of cabozantinib, as well as negative controls (no drug). The 

wells were collagen I coated to improve spheroid attachment. For the coating, 204 µL 

collagen pr. 12,5 mL 1X PBS were used to cover all wells for minimum 30 minutes, before 

washing with 1X PBS twice. One spheroid was transferred to each well and two orthogonal 

spheroid diameters were measured on day 0, 2, 3 and 4.  

 

3.9 Western blotting  

Lysate collection  

Cells cultured in 75 cm2 flasks were treated when reaching 60 % confluency. IC50 dose 

treated cells and control cells (no drug) were made for all cell lines. This was done by 

replacing old growth media with 10 mL of treatment solution diluted in ALT DMEM. The 

cells were collected 72 hours after treatment, and when cells were 80 % confluent for the 

control cells. The growth medium was removed and 5 mL 1X PBS were used to wash cells. 5 

mL PBS was added and cells were loosened with a cell scraper (TPP Techno Plastic Products 
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AG, Trasadingen, Switzerland) and transferred to 10 mL centrifuge tubes. The tubes were 

centrifugated for 4 minutes at 900 rpm and the supernatant was removed. The pellet was 

resuspended with RIPA buffer (Sigma-Aldrich, St. Louis, MO, USA) together with 

phosphatase inhibitors (PhosSTOP EASY pack) (Roche Diagnostics, GmbH Mennheim, 

Germany) and protease inhibitors (cOmplete mini protease inhibitor cocktail tablets) (Roche 

Diagnostics, GmbH Mennheim, Germany). This was made with one tablet of phosSTOP and 

one tablet cOmplete mini protease inhibitor cocktail tablets pr. 10 mL RIPA buffer. This mix 

was made and aliquoted before stored at -20 °C, and thawed as required. 500 µL of the mix 

was used to resuspend the pellet, before being transferred to 1,5 mL Eppendorf tubes. The 

tubes were further incubated on ice for 20 minutes, and vortexed occasionally. The cells were 

then sonicated for 20 seconds at 30 amplitude. Further, tubes were centrifuged for 20 

minutes at 4°C, before the supernatant was transferred to new Eppendorf tubes and stored in 

- 80 °C. The lysate was aliquoted into smaller aliquots to prevent re-defrosting.    

 

Protein concentration measurement  

For the measurement of proteins, a stock of 10 µg/µL bovine serum albumin (BSA) (Sigma-

Aldrich Inc., St. Louis, MO, USA) was made to make standard series with known protein 

concentrations. BSA was dissolved in RIPA buffer and filtered through a sterile 0.2 µm 

syringe filter (Pall Corporation, Life Sciences, Ann Arbor, MI, USA). The BSA stock was 

diluted with RIPA buffer to make following concentrations: 0.5 - 1.0 - 2.0 - 4.0 - 5.0 µg/µL 

of BSA protein. PierceTM BCA protein kit (Thermo Scientific, Rockford, IL, USA) was made 

to make the BCA working stock, containing reagent A:B in a 50:1 ratio. 2 µL of the standard 

series of BSA protein concentrations, as well as samples were added to a 96-well plate 

(Thermo Scientific Inc., Denmark). Further, 200 µL of BCA was added to both samples and 

the BSA samples. The plate was then incubated for 30 minutes in the dark before analysis 

with a multiskan™ FC microplate photometer (Thermo Scientific Inc., MA, USA) at 562 

nm. Protein concentrations were calculated based on the BSA standard curve.  
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Blotting  

For the blotting, 25-50 µg protein from the samples were used. The amount of protein was 

equalized before being loaded. 5 µL of NuPAGE LDS sample buffer 4X (Novex, Carlsbad, 

CA, USA) and 2 µL of NuPAGE sample reducing agent 10X (Invitrogen, Carlsbad, CA, 

USA) was mixed with samples. The samples were then diluted with milliQ water as 

required, to make 20 µL. The samples were incubated on a heat block at 70 °C for 10 

minutes before being loaded to a NuPAGE 4-12 % bis-tris gel, 1.5 mm, 10-well (Novex, 

Carlsbad, CA, USA). Fresh running buffer (50 mL NuPAGE MOPS SDS running buffer 

(Novex, Carlsbad, CA, USA) + 950 mL milliQ) was added to the two big chambers of the 

western blotting container (Novex, Carlsbad, CA, USA). The middle chamber contained 200 

mL of the fresh prepared running buffer mixed with 500 µL NuPAGE ® antioxidant 

(metylformarmide) (Invitrogen, Carlsbad, USA). The comb was removed from the cassette 

before 20 µL of each sample was added, as well as10 µL of the standard SeeBlu®Plus2 

prestained standard (1X) (Invitrogen, Carlsbad, USA). The outer chambers were filled with 

running buffer before the lid was placed on the western blotting container, and 120 V was 

applied for approximately 2 hours, or until standards had reached the bottom of the gel. 

The cassette was opened and the gel was placed on a 0.2 μm nitrocellulose blotting 

membrane (GE Healthcare, Life Sciences, Germany). Two filter papers were placed on each 

side of the gel placed on the nitrocellulose blotting membrane. Pads, filter papers and the 

nitrocellulose blotting membrane was pre-soaked in transfer buffer (50 mL NuPAGE MOPS 

transfer buffer (20X) (Novex, Carlsbad, USA) with 850 mL milliQ water and 100 mL 100 % 

methanol (Honywell, St. Louis, MO, USA). Two pads were placed in the bottom (cathode) (-

) of the blotting module, before filter paper, nitrocellulose blotting membrane, gel, filter 

paper, and more pads were added in written order. It was important that the nitrocellulose 

membrane was facing towards the cathode, and the blot module was stuffed sufficiently with 

pads to make a resistance within the box. The anode (+) was used as a lid, and when properly 

assembled in the western blotting container, all chambers were filled with transfer buffer. 

The blotting chamber was placed in a container with ice to avoid overheating. Then 35 V 

was applied for 120 minutes.  
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After the transfer, the membrane was rinsed with ponceau solution (Sigma-Aldrich Inc., St. 

Louis, MO, USA) until the bands appeared. This was done to ensure that proteins had been 

transferred to the membrane during the transfer. The membrane was further cut into as many 

pieces as antibodies used on the membrane. Membrane pieces were placed in separate plastic 

containers, and blocked with 5 % skim milk solution (5 % Difco Skim Milk BD, Sparks, 

MD, USA), 95 % 1X TBST). The 1X TBST solution was made by adding 0.1 % Tween 20 

(Sigma-Aldrich Inc., St. Louis, MO, USA) to 10X TBS (Sigma-Aldrich Inc., St. Louis, MO, 

USA), and further diluted with milliQ water. The membranes were blocked for 90 minutes 

on a see-saw rocker with 18-23 osc/min, before blocking solution containing primary 

antibodies were added. The membranes were incubated with primary antibody overnight at 4 

°C in a see-saw rocker at 11 ocs/min.  

The antibodies used in this thesis was p-MET antibody (Tyr1230/1234/1235) catalog nr. 07-

2242 ordered from Merck Milipore, Darmstadt, Germany and p-KIT (Tyr730) polyclonal 

antibody catalog nr. 44-496G from Thermo Scientific Inc., MA, USA. Both primary 

antibodies were isolated from rabbit host.  

GAPDH Antibody (0411) with catalog nr. sc-47724 from Santa Cruz Biotechnology, Dallas, 

Texas, USA was used as loading control. This antibody was isolated from mouse host.  

All primary antibodies were diluted in 1:1000, and specified to reacted with canine cells. 

After overnight incubation, the primary antibody was removed and membranes washed with 

1X TBST three times for 10 minutes on a see-saw rocker at 18-23 osc/min. The secondary 

antibodies were further added, and the membranes were incubated for 90 minutes at 17 

ocs/min in room temperature. Secondary antibodies used was anti-goat mouse (31430) and 

anti-goat rabbit (31462) conjugated with horse radish peroxidase, both purchased from 

Thermo Scientific Inc. Secondary antibodies were diluted 1:20 000 in blocking solution.  

After 90 minutes, the membranes were washed with 1X TBST three times for 10 minutes, 

before bands were visualized with chemiluminescence (ECL) kit; West PICO or WEST 

FEMTO (Both from Thermo Scientific, Rockford, Il, USA) in a pre-cooled (-25 °C) darkbox 
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machine (Fujifilm LAS3000, Intelligent DarkBox). A 1:1 solution of ECL was added to the 

membranes and incubated inside the dark box for 5 minutes, before pictures was taken with 

20 seconds of light exposure between pictures. 
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4. Results 

4.1 Cell viability assays   

Resazurin viability assay 

A resazurin assay was done to study the effect of cabozantinib on cell viability. 

Representative viability curves for the 5 cell lines are shown in figure 4.1.  

Figure 4.1- Resazurin viability graphs: Representative graphs showing cell viability after 72 
hours of treatment with cabozantinib. The treatment concentrations ranged from 1 pM to 100 
µM. The concentrations of cabozantinib are presented in the X-axis as log values. The IC50 
value shown for each cell line is an average of triplicate experiments where n=6 (see also table 
4.1). Mean +/- standard deviation (SD).  

 

All cell lines showed increased sensitivity to cabozantinib with increasing doses. The IC50 

values were in the low µM range for all cell lines (Table 4.1). These results indicate that 
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cabozantinib may have anticancer effect also on OM in an in vivo setting, laying the 

foundation for choosing treatment doses in further, preclinical experiments.  

 

Table 4.1- IC25, IC50 and IC90 doses of cabozantinib: Calculated IC25, IC50 and IC90 for all 5 
cell lines. Graph pad prism software was used to calculate these values. 

Cell line IC25 µM IC50 µM IC90*µM 

M1 1,22 1,48 ~100 

M2 0,43 3,80 ~100 

M3 1,17 1,57 ~100 

M4 0,15 0,82 ~100 

M5 1,38 7,71 ~100 

* The highest dose of cabozantinib eradicated 80-100 % of cells, for simplicity the treatment with 100 µM will 

be referred as IC90 for all the cell lines in the following.  

 

Images of viability pictures  

To confirm the findings from the resazurin viability assay, brightfield pictures and 

fluorescence pictures of cells stained with live/dead kit (Molecular Probes) were obtained. 

The green-fluorescent calcein-AM indicate intracellular esterase activity in living cells and 

the red-fluorescent ethidium homodimer-1 indicate loss of plasma membrane integrity in 

dead cells. Only green fluorescence was seen in these pictures as dead cells floated freely in 

the growth media. 
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Figure 4.2- Cell viability pictures: Brightfield (A) and fluorescence (B) images of the M1 cell 
line treated with its IC25, IC50, IC90 dose of cabozantinib, as well as untreated control cells. 

 

Figure 4.2 shows that control cells of the M1 cell line grew in small clusters. Nearly 50 % of 

the control cells had a small and round morphology, while the remaining half were 

elongated. After cabozantinib treatment, the cells only showed an elongated morphology, and 

the cell numbers were reduced in a dose dependent manner. 

 

Figure 4.3- Cell viability pictures: Brightfield (A) and fluorescence (B) images of the M2 cell 
line treated with its IC25, IC50, IC90 dose of cabozantinib, as well as untreated control cells. 
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Figure 4.3, 4.4 and 4.5 shows that the M2, M3 and M4 cell lines grows evenly distributed, 

with some round cells and some elongated cells. Also here, the cell numbers were decreased 

when treated with increasing doses of cabozantinib. Cells treated with their IC50 dose had 

more space per cell due to reduced cell numbers. This in turn gave space for enlarged growth 

of cells with an elongated morphology. 

 

Figure 4.4- Cell viability pictures: Brightfield (A) and fluorescence (B) images of the M3 cell 
line treated with its IC25, IC50, IC90 dose of cabozantinib, as well as untreated control cells. 

 

 

Figure 4.5- Cell viability pictures: Brightfield (A) and fluorescence (B) images of the M4 cell 
line treated with its IC25, IC50, IC90 dose of cabozantinib, as well as untreated control cells. 
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Figure 4.6- Cell viability pictures: Brightfield (A) and fluorescence (B) images of the M5 cell 
line treated with its IC25, IC50, IC90 dose of cabozantinib, as well as untreated control cells. 

 

Figure 4.6 shows that the M5 cell line grew in an elongated form. When the cell numbers 

were decreased, the remaining cells grew in an extensive elongated formation. 

All cell lines were responding to cabozantinib in a dose dependent manner. Cabozantinib is 

highly lipid soluble, and thus formed crystals in the highest treatment dose (100 µM). 

Therefore, fluorescence pictures were obtained to clearly see cells treated with the IC90 dose 

of cabozantinib. Pictures of cells treated with 0.05 % DMSO was also taken (not shown). 

0.05 % DMSO did not influence the cell growth. 

 

4.2 Apoptosis annexin V assay  

The numbers of apoptotic cells after 72 hours of treatment with their IC25, IC50 or IC90 doses 

of cabozantinib were analysed using flow cytometry. 10 000 cells were analysed per sample, 

and the percentages of live, early apoptotic, late apoptotic and dead cells for all cell lines 
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were determined (figure 4.7). A two-tailed students t-test was used to compare untreated 

control cells with the different cabozantinib treatments (figure 4.8).   

 

Figure 4.7- Annexin V apoptosis graphs. Percent of dead-, live-, late- and early apoptotic 
cells for the M1, M2, M3, M4 and M5 cell lines, after 72 hours of cabozantinib treatment. Three 
different treatment concentrations were used per cell line, equal to each cell lines IC25, IC50 or 
IC90 dose of cabozantinib. A two tailed students t-test was done to evaluate statistic effects of 
treatments. Abbreviations: *; < 0,05, *1; < 0,05 for all treatments was statistic significant, except 
the number of dead cells. Mean +/- standard deviation (SD), n=3.  

 

In general, all cell lines exhibited a dose-dependent increase in apoptosis (figure 4.7). 

Significant effects were seen in samples treated with IC90, and IC25 for the M2 cell line. 

Although significant effect not was observed for all treatments, a clear dose dependent effect 

was seen for the M2 and M4 cell line. M1 cells responded to both the IC50 and the IC90 dose, 

while the M3 and M5 cells only responded to the IC90 dose. 
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4.3 Cell cycle analysis  

A cell cycle analysis was performed to see whether cabozantinib treatment resulted in 

changes in the cell cycle distribution. Cabozantinib treated cells were stained with PI and the 

DNA content was measured by flow cytometry (figure 4.8).   

 

Figure 4.8- Cell cycle distribution. The amounts of G2/M, S and G0/G1 in percentages are 
shown for all cell lines treated with IC25 dose and IC50 dose of cabozantinib, as well as untreated 
control samples. A two tailed students t-test was done to evaluate statistic effects of treatments 
Abbreviations; * < 0,001 difference in G0/G1 phase compared to control treatment. Mean +/- 
standard deviation (SD), n=3.   

 

In general, no differences in cell cycle distribution between treated and untreated cells were 

observed. Only the M2 cells had a significant increase with approximately 15 % more cells 

in G0/G1 phase after IC50 treatment, compared to untreated cells. IC90 was not obtained for 

this experiment, due to time limitations in this thesis.  
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4.4 Clonogenic assay  

A clonogenic assay was done to study the effect of cabozantinib on the colony potential of 

the cells after treatment. Selected images of the most representative colonies are shown in 

figure 4.9, while a quantification of the number of colonies formed after treatment is shown 

in figure 4.10. One colony contains at least 50 cells.  

 

Figure 4.9- Clonogenic pictures: Formation of colonies after 72 hours of treatment with IC25, 
IC50 and IC90 cabozantinib, as well as negative control wells (no treatment). Here a 
representative selection of images is shown for all cell lines; M1 (A), M2 (B), M3 (C), M4 (D) and 
M5 (E).   



 

 

55 

 

 

 

Figure 4.10- Quantification of clonogenic ability after treatment: The Y-axis shows number 
of colonies formed after 72 hours, while the X-axis shows the different treatments for all the 5 
cell lines. The cells were treated with their IC25, IC50, IC90 doses of cabozantinib. A two tailed 
students t-test were done to compare effects between treated and untreated cells. 
Abbreviations; * < 0,05. Mean +/- standard deviation (SD), n=3.   

 

Figure 4.9 and figure 4.10 shows how the cell lines responded in their ability to make 

colonies after treatment with cabozantinib. All cell lines except the M5 cell line responded 

significantly after treatment with the IC90 doses. When treated with this dose, the cells were 

not able to make more than 10 colonies. The M2 cell line showed some reduction in colony 

formation after treatment with the IC25 dose, however this was not statistically significant. 

The M4 cell line was the most sensitive cell line for cabozantinib in this assay, and treatment 

with the IC50 dose and the IC90 dose significantly reduced the number of colonies. The M5 

cell line responded poorly, with no significant effect from treatments. No difference in 

colony size was observed after treatment for the cell lines.  
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4.5 Spheroid experiments 

Tumour spheroid observations 

The spheroids were observed for 21 days to study the effect of cabozantinib on spheroid 

growth. A selection of representative images from each cell line are presented in figure 4.11- 

4.15, as well as the area of spheroids.  

Figure 4.11- M1 spheroid growth during 21 days: Untreated and treated spheroids derived 
from the M1 cell line were followed for 21 days. Pictures were obtained at day 0, 7, 14, and 21, 
and the spheroid area were determined. (A) All pictures were obtained with a light microscope 
using the 4X objective. Scalebar = 1000 µm. (B) Spheroid area growth of untreated spheroids, 
and spheroids treated with IC25, IC50, IC90 of cabozantinib or 0.05% DMSO. Abbreviations; 
Mean +/- standard deviation (SD), n=3.  

 

The growth rate of M1 spheroids were not affected by treatment until day 7. After this time-

point, a dose dependent growth inhibition could be seen until day 21, when the experiment 

was terminated. Significant effect was observed at day 21 for the IC50 and IC90 treatments, 

see table 4.2. These doses made the spheroids shrink from day 14 to 21, indicating that 

treatment may need some weeks to have effect.  

Treatment with 0.05 % DMSO did not affect the spheroid growth, compared to untreated 

cells (p = 0.14).  
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Figure 4.12- M2 spheroid growth during 21 days: Untreated and treated spheroids derived 
from the M2 cell line were followed for 21 days. Pictures were obtained at day 0, 7, 14, and 21, 
and the spheroid area were determined. (A) All pictures were obtained with a light microscope 
using the 10X objective. Scalebar = 1000 µm. (B) Spheroid area growth of untreated spheroids, 
and spheroids treated with IC25, IC50, IC90 cabozantinib or 0.05% DMSO. Abbreviations; Mean 
+/- standard deviation (SD), n=3. 

 

Figure 4.12 shows that spheroids derived from the M2 cell line had impaired growth ability 

after treatment with the IC50 dose of cabozantinib. Control spheroids and spheroids treated 

with 0.05 % DMSO kept growing in the same rate until day 14, then the growth was reduced. 

This can be because spheroids reached their full size, based on available space left in the 

well. At day 21, all cabozantinib treated spheroid had almost equal areal size. A significant 

effect was seen for all treatments (table 4.2). As for the M1 spheroids, the M2 spheroids also 

decreased in size from day 14 to 21.  

 

Figure 4.13- M3 spheroid growth during 21 days: Untreated and treated spheroids derived 
from the M3 cell line were followed for 21 days. Pictures were obtained at day 0, 7, 14, and 21, 
and the spheroid area were determined. (A) All pictures were obtained with a light microscope 
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using the 10X objective. Scalebar = 1000 µm. (B) Spheroid area growth of untreated spheroids, 
and spheroids treated with IC25, IC50, IC90 cabozantinib or 0.05% DMSO. Abbreviations; Mean 
+/- standard deviation (SD), n=3. 

 

Figure 4.13-B shows that IC25 treated M3 spheroids showed the largest inhibitory effect of 

the treatment. Although none of treatments exhibited significant effects, the pictures (A) 

shows that spheroids had growth difficulties after 14 days with treatment.   

Figure 4.14- M4 spheroid growth during 21 days: Untreated and treated spheroids derived 
from the M4 cell line were followed for 21 days. Pictures were obtained at day 0, 7, 14, and 21, 
and the spheroid area were determined. (A) All pictures were obtained with a light microscope 
using the 10X objective. Scalebar = 1000 µm. (B) Spheroid area growth of untreated spheroids, 
and spheroids treated with IC25, IC50, IC90 cabozantinib or 0.05% DMSO. Abbreviations; Mean 
+/- standard deviation (SD), n=3. 

 

Figure 4.14 shows that the growth rate of spheroids was significantly reduced after treatment 

with IC50 and IC90 doses of cabozantinib. IC25, 0.05 % DMSO and untreated spheroids had 

approximately the same growth curve. The IC25 dose did not seem to be a high enough dose 

to reduce the growth rate significantly compared to control spheroids. 



 

 

59 

 

 

Figure 4.15- M5 spheroid growth during 21 days: Untreated and treated spheroids derived 
from the M5 cell line were followed for 21 days. Pictures were obtained at day 0, 7, 14, and 21, 
and the spheroid area were determined. (A) All pictures were obtained with a light microscope 
using the 4X objective. Scalebar = 1000 µm. (B) Spheroid area growth of untreated spheroids, 
and spheroids treated with IC25, IC50, IC90 cabozantinib or 0.05% DMSO. Abbreviations; Mean 
+/- standard deviation (SD), n=3. 

 

Figure 4.15-A shows that spheroids had a poor capability to grow after treatment with the 

IC50 dose of cabozantinib. From figure 4.15-B a dose dependent growth inhibition at day 21 

was observed. 0.05 % DMSO and control spheroids kept growing in the same rate.  

A two-tailed student t-test was done to compare the different treatments with the control 

samples. The calculated significance levels of treatments are presented in table 4.2.  
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Table 4.2: Significance levels, calculated comparing control spheroid areal to the areas after 
different treatments of cabozantinib at day 7, 14 and 21. A two-tailed student t-test was used for 
these calculations. There was no significant difference between untreated control spheroids and 
spheroids treated with 0.05 % DMSO (not shown). Abbreviations; * <0.01 ** <0.001, ns. = not 
significant, n=3.    

 Day 7 Day 14 Day 21 

 Control 

vs. IC25 

Control 

vs IC50 

Control 

vs. IC90 

Control 

vs IC25 

Control 

vs IC50 

Control 

vs IC90 

Control 

vs IC25 

Control 

vs IC50 

Control 

vs IC90 

M1 ns. ns. ns. ns. ns. * ns. * * 

M2 * * ** * * ** * * * 

M3 ns. ns. ns. ns. ns. ns. ns. ns. ns. 

M4 ns. * ** ns. ** ** ns. * ** 

M5 ns. ns. * * ns. ** * * ** 

 

Spheroids derived from the M2 cell line responded significantly for all treatments with 

cabozantinib, from day 7 to day 21. The effect was varying for the remaining cell lines, but in 

general significance was obtained for all IC50 and IC90 treatments at day 21. The exception 

was spheroids derived from the M3 cell line, which exhibited no significant effect 

throughout the experiment.  

 

Migration assay 

A migration assay was done to study the effect of cabozantinib on cell outgrowth and 

migration from spheroids. The spheroids were treated with IC25, IC50, or IC90 doses of 

cabozantinib, and the cell outgrowth and migration was measured at day 0, 2, 3 and 4. The 
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M1 spheroids were not able to attach to collagen, and thus cell migration could not be 

studied. 

 

Figure 4.16-migration of M2: A: The diameter of migrated area is presented. B: 
Representative pictures of outgrowth from an untreated spheroid (control) and a spheroid 
treated with the IC50 dose. Abbreviations; Mean +/- standard deviation (SD), n=3. 

 

Treatment with IC90 inhibited all growth and migration of the M2 cell line (Figure 4.17). Cell 

migration from the spheroids still occurred during treatment with the IC50 doses, but in a 

considerably lower rate compared to control cells (table 4.3). 

 

Figure 4.17-migration of M3: A: The diameter of migrated area is presented. B: 
Representative pictures of outgrowth from an untreated spheroid (control) and a spheroid 
treated with the IC50 dose. Abbreviations; Mean +/- standard deviation (SD), n=3. 
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Also for the M3 spheroids, there was a significant dose-dependent inhibition in cell 

migration from the spheroids (figure 4.17 and table 4.3). The IC90 dose completely abrogated 

cell migration.  

 

 

Figure 4.18-migration of M4: A: The diameter of migrated area is presented. B: 
Representative pictures of outgrowth from an untreated spheroid (control) and a spheroid 
treated with the IC50 dose. Abbreviations; Mean +/- standard deviation (SD), n=3. 

 

For the M4 and M5 cell line, treatment with the IC25 dose did not affect cell migration. 

However, after treatment with the IC90 and IC50 doses, a dose significant inhibition was 

observed. (figure 4.19 and 4.20)  
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Figure 4.19-migration of M5: A: The diameter of migrated area is presented. B: 
Representative pictures of outgrowth from an untreated spheroid (control) and a spheroid 
treated with the IC50 dose. Abbreviations; Mean +/- standard deviation (SD), n=3. 

 

Table 4.3: Calculation of significant difference in cellular outgrowth from treated spheroids, 
compared to outgrowth from untreated spheroid at day 4. A two-tailed students t-test was used 
for these calculations. Aberrations; * < 0.01, **< 0.001, ***< 0.0001, ns. = not significant, n=3.  

Significance level at day 4 

 Control vs. IC25 Control vs. IC50 Control vs. IC90 

M2 ns. ** *** 

M3 ** ** ** 

M4 ns. * ** 

M5 ns. * * 

 

Cellular outgrowth from the M3 spheroids was significantly inhibited for all doses of 

cabozantinib (table 4.3). The statistical testing showed that there were no differences in 

cellular migration when treating the M2, M4 and M5 spheroids with the IC25 doses, however 

for the two higher doses the migration was significantly inhibited. 

 

Confocal microscopy of live/dead stained spheroids   

Spheroids were stained with the live/dead kit (Molecular Probes) to study whether the 

spheroids contained dead cells, or if the dead cells were continuously washed out from the 

spheroids. In this experiment, untreated control spheroids and IC50 treated spheroids were 

used. Due to time limits, this experiment was only performed on the M4 cell line. This cell 

line was chosen due to its great ability to form spheroids.  
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Figure 4.20- live/ dead staining of spheroids: untreated (control) and IC50 cabozantinib 
treated spheroids made from the M4 cell line. The spheroids were grown for 7 days, and treated 
for 72 hours before images were obtained. Cells are stained with live/dead kit (Molecular 
Probes). Calcein AM stains living cells with green fluorescent and ethidium homodimer-1 stains 
dead cells red. 

Figure 4.16 shows how spheroids from the M4 cell line respond to treatment with IC50 dose 

of cabozantinib. There were no apparent differences in the number of dead cells or a size 

difference in treated and untreated spheroids.   

 

4.6  Western blots  

Detection of p-KIT, p-MET and p-VEGFR2 was done by western blot. GAPDH was used as 

a loading control. The western blots of p-VEGFR2 resulted in many unspecific bonds, 

making the interpretations ambiguous. Since p-VEGFR2 is a high molecular antibody (230 

kD), it was obvious that a considerable protocol optimization was needed to get reliable 

results when using canine cell lines. This was not done, due to time limitations in this thesis. 
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 Figure 4.21- Western blots. Detection of p-KIT and p-MET. GAPDH was used as loading 
control.  

 

Figure 4.21 shows that p-KIT was decreased after treatment with cabozantinib, as was also 

expected. No bond was detected for p-MET for the M1 cell line. For the other cell lines, p-

MET was not decreased after IC50 treatment with cabozantinib. For the M3 cell line it 

seemed that p-MET was increased after treatment, which was unexpected. GAPDH was 

detected for all cell lines in a stable amount.    
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5. Discussion 

Generally, OM is associated with a poor prognosis, both for humans and dogs. Current 

treatment strategies are not effective, and high metastasis rates combined with local 

recurrence are the main causes of death [1, 11, 13]. Cabozantinib is recently FDA approved 

as a treatment against advanced renal cell carcinoma and metastatic medullary thyroid 

cancer, and several preclinical studies have shown effects on different cancer types [50, 54].  

In this project, a variety of in vitro assays with cabozantinib were used to evaluate its 

anticancer effect against canine OM cell lines. Western blots were used to evaluate if 

cabozantinib had the potential of inhibiting cancer related RTKs. 

5.1 Cell viability assays  

First, a resazurin assay was performed to measure cell viability. All cell lines responded, a 

dose-dependent effect of cabozantinib was observed, and the calculated IC50 doses were in 

the low µM range. 

A similar effect has been seen in the literature. Zhang and colleagues measured decreased 

cell viability in neuroblastoma cell lines (BxPc-3, MIA-paCa2, Capan-1 and CRL-4023) 

after treatment with cabozantinib [95]. Furthermore, Hage and coworkers showed that 

pancreatic ductal adenocarcinoma cell lines (SK-N-BE(2), CHP 212, LAN5, CHLA-20, SK-

N-D2, SK-N-SH, SH-SY5Y, NGP, LA155N, IMR-31 and CHP-134) also exhibited reduced 

viability when treated with 5-10 µM of cabozantinib [96]. Both studies used treatment 

concentrations close to the IC50 doses calculated in this thesis. 

The results from the resazurin assay lay the foundation for further experiments with 

cabozantinib, as the IC25, IC50 and IC90 doses was calculated and used as treatment doses in 

further assays.  
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The resazurin assays is a reliable method to measure viable cells. The dye measure reduction 

of resazurin into resorufin, which is in direct correlation to the number of viable cells in the 

wells [78]. Normally, 4 hours is sufficient to measure signal above background, but the 

incubation time is dependent on the metabolic activity of the cells, which can differ between 

cell type, cell density and growth medium [97]. The cell lines used in this thesis had a high 

metabolism, and incubation with 4 hours was sufficient to show that cabozantinib did inhibit 

tumour growth. As mentioned, the IC50 doses used in this thesis corresponded to IC50 

cabozantinib doses reported in the literature, and the viability pictures confirmed the 

resazurin assay results, which substantiate the viability results.  

Cell lines cultured in monolayers can suffer from limitations concerning drug sensitivity. 

Studies have shown that 3D in vitro culture systems present a better model concerning drug 

sensitivity [98, 99]. An example is where tumour spheroids derived from a breast cancer cell 

line (MDA-MB-231) exhibited a significant lower IC50 to cisplatin when plated in 2D 

monolayer compared to 3D spheroids [100]. Cabozantinib doses used for the spheroid assays 

in this thesis might have been lower than if these were determined using a spheroid model 

vs. a monolayer model. Still, aggregated data from 3D assays demonstrated beneficial effect 

of treatment, giving a good indication of treatment response. 

 

5.2 Apoptosis assay 

The results from the annexin V assay demonstrated a dose-dependent effect of cabozantinib 

for the M1, M2 and M4 cell lines with increased percentages of apoptotic cells. 

Hage and colleagues observed similar effect when pancreatic ductal adenocarcinoma cell 

lines (for cell line information, see section 5.1) were treated with low concentrations (5-

10µM) of cabozantinib [96]. In addition, Li and co-workers showed that oral squamous 

carcinoma cell lines (BHY and HSC-3) exhibited increasing annexin V staining with 

increasing doses of cabozantinib after 24 hours of treatment [101].  
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Furthermore, cabozantinib was also found to induce apoptosis in vitro and in vivo for 

multiple prostate cancer cell lines (Ace-1, C4-2B, and LuCaP 35) by Dai and collaborators 

[102]. The same effect was observed in colorectal cancer cell lines by Song and co-workers. 

In vivo results revealed a significant dose-dependent increase of apoptosis. They also 

observed an increase of cleaved caspase 3 after 3 days of treatment, which is associated with 

apoptosis [103]. These results show that cabozantinib can induce apoptosis in vitro as well as 

in vivo for several malignancies, making it likely to apply for human and canine OM as well.  

Whereas for the M3 and M5 cell lines, the treatment was not as effective as for the remaining 

cell lines, and only the highest dose of cabozantinib induced apoptosis. The percentage of 

living cells were still high, and a significant effect was not obtained with IC25 or IC50 

treatment. This suggests that IC25 or IC50 treatment with cabozantinib was not able to induce 

apoptosis in these cell lines, but sufficient to inhibit growth. Only the IC90 dose of 

cabozantinib induced apoptosis and inhibited growth, indicating that these cell lines are not 

resistant to treatment, but need higher treatment doses than IC50 to induce apoptosis.   

Data from our tumour spheroid observation assays (see section 4.5) where growth area was 

measured during 21 days, support the apoptosis results. Growth of the IC25 and IC50 treated 

M3 spheroids and the IC25 treated spheroids harvested from the M5 cell lines exhibited 

decreased spheroid size, but the spheroids did not shrink in size, as seen for the remaining 

cell lines. This indicates that apoptosis is not induced after treatment with low doses of 

cabozantinib for the M3 and M5 cell lines.  

Lin and colleagues studied the effect of cabozantinib on normoxic and hypoxic medullary 

thyroid cancer cell lines. After cabozantinib treatment (50, 100, or 200 nM), they observed 

that treatment response was influenced by the oxygen status of the cells. Hypoxic cells 

exhibited significantly lower apoptosis rates compared with normoxic cells [104]. 

Information about cells oxygen level before and after treatment, as well as before apoptosis 

analyzation could be of value to understand why some cell lines responded to low doses of 

cabozantinib, and others not.         
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5.3 Cell cycle assay 

Cabozantinib did not cause any changes in the cell cycle distribution for the M1, M3, M4 or 

M5 cell lines. This indicates that cabozantinib eradicates tumour cells by apoptosis rather 

than cell cycle arrest for the M1 and M4 cell lines. Only the M2 cell line was significantly 

arrested in the G0/G1 phase after IC50 treatment of cabozantinib, raising the question of a 

dual eradication mechanism of cabozantinib, as this cell line responded significantly to both 

assays.  

G0/G1 arrest is an effect of cabozantinib which is consistently seen throughout the literature. 

Ruan and co-workers treated papillary thyroid carcinoma cell lines (BHP 2-7) with 0.05 and 

0.5 µM cabozantinib for 24 hours, causing 81.3 % and 97.7 % G0/G1 arrest, respectively 

[105].  

Li and co-workers, as well as Xiang and colleagues experienced G0/G1 arrest after treatment 

with low doses of cabozantinib on oral squamous cell carcinoma cell lines and hepatocellular 

carcinoma cell lines [101, 106]. Interestingly, they also detected a downregulation of cyclin 

A and cyclin D, which are important regulators for the cell cycle, enabling the cells to 

proceed to M phase and S phase, respectively. Cyclin B1, causing the cells to go from M 

phase to G0 phase, was also increased after cabozantinib treatment in the oral squamous cell 

carcinoma cell lines [101, 106]. 

As explained in section 1.3, overexpression of RAS and KIT mutations are common genetic 

alterations observed in canine OM. Figure 1.2 illustrates how these abnormalities can cause 

increased cyclin D. As shown in figure 4.18, p-KIT was downregulated in all cell lines, but if 

a RAS mutation is present, the cells may still be able to continue the production of cyclin D.  

A G0/G1 arrest was not seen for all cell lines in this study, and a further examination of 

cyclin expression or RAS mutation status was not done, due to time limitations. To 

understand why cabozantinib did not affect the cell cycle distribution, information about 

expressed cyclins after treatment, as well as RAS mutation status could have been valuable.   
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5.4 Clonogenic assay  

Li and colleagues proved that low doses of cabozantinib reduced the potential of human oral 

squamous cell carcinoma cell lines (BHY and HSC-3) to form colonies. The cell lines were 

treated with 0.3, 0.6 and 1.2 µM of cabozantinib, which is lower than the IC50 doses used in 

this thesis [101]. Still, a poor effect on reducing tumour clonogenicity was seen in our work, 

except for the M4 cell line. In this cell line, a dose dependent inhibition was seen. For the 

remaining cell lines, the highest dose (100 µM) showed significant effects except for the M5 

cell line, which responded poorly to all treatments.  

It is known that -catenin, the main effector of the canonical Wnt pathway is involved in 

clonogenic growth of various malignancies [107, 108]. In our work, all our cell lines have 

inactive canonical Wnt pathways [88], thus this is likely not the explanation for the results. 

Changes in -catenin after treatment was therefore not studied in this thesis.   

The AKT pathway, when exhibiting an active mTOR, is also important for clonogenicity. 

Kent and co-workers showed that inhibition of mTOR in malignant canine melanoma 

strongly decreased colony formation [109]. The activation of the AKT/mTOR signaling 

pathway is important in the development of melanoma in humans and dogs. This pathway 

can also be activated by inactivation mutations or a complete loss of the PTEN tumour 

suppressor gene, which has been detected in some oral melanomas in dogs [28]. PTEN is an 

inhibitor of the PI3K pathway, and when inactivated, growth and survival of the cell will be 

induced. mTOR activation was found in 100 % of 43 dogs with mucosal melanoma by Wei 

and colleagues, including the cell lines used in this work [89]. If there is a mutation in the 

signal proteins, like in PTEN, AKT or mTOR keeping the PI3K pathway active, 

cabozantinib will likely not be able to inactivate the pathway.  

Mapping these mutations for the cell lines used in this thesis might be useful to do in further 

studies of cabozantinib.   
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5.5 Spheroid experiments  

Tumour spheroid observation  

Cabozantinib reduced spheroid growth and spheroid formation in a dose-dependent manner 

for all cell lines. For the M1, M2 and M4 cell lines, treatment caused spheroids to shrink in 

size. Some control spheroids stopped growing because of lack of space. If repeated, smaller 

spheroids should have been used. Due to time limits, this assay was not repeated. Even 

though some control spheroids stopped growing, significant effects were seen.   

A dose dependent effect of cabozantinib on spheroid size was also seen by Hage and co-

workers. They treated pancreatic ductal adenocarcinoma cell lines with 5, 7.5 and 10 µM 

cabozantinib for 14 days [96].  

A major problem with cancer treatment is the development of resistance to treatment. A large 

population of cells die upon chemotherapy, but if a small population is resistant to the drug, 

so called “cancer stem like cells” survive, they will get more enriched by every cell cycle 

[110]. Long-term treatment with cabozantinib is therefore of great interest. Hage and co-

workers showed that long-term treatment with cabozantinib may cause changes in expression 

of pro- and anti-apoptotic molecules. After treatment with 5-6 µM of cabozantinib followed 

by 2 weeks of recovery, surviving cells were further studied. Results showed upregulated 

expression of pro-apoptotic markers (e.g. cleaved Caspase-3, TRAIL R2, FAS) as well as for 

some anti-apoptotic markers (e.g. Bcl-2, IAP-1, Survivin and XIAP). They also showed that 

the pro-apoptotic proteins Bim and p53 were downregulated. Further, SOX2 were 

downregulated, suggesting lower self-renewal potential. Both pro- and anti-cancer proteins 

were changed after long-term treatment with cabozantinib, indicating a slight increase in 

resistance to long-term repeated treatment with cabozantinib [96]. However, unpublished 

data from our laboratory on long-term cabozantinib treatment of glioblastoma cell lines 

suggests that resistance to treatment does not occur.  

Liu and colleagues have studied the effect of cabozantinib on “cancer stem like cells” in vivo. 

Stromal cells were treated with 10 µM cabozantinib for 24 hours before transplanted in 
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fertilized eggs. Cabozantinib inhibited growth and induced severe developmental defects in 

the chicken embryos. The study suggests that cabozantinib overcome the “cancer stem like 

cell” signaling, because stem cell and developmental signaling is strongly related [111].   

Long-term treatment with cabozantinib for OM has not been evaluated in the literature, but 

should be assessed when studying cabozantinib and OM further.  

 

Migration assay 

In this thesis IC50 and IC90 doses of cabozantinib reduced migration significantly (p < 0,01) 

in vitro for all cell lines. Navis and colleagues observed the same effect when studying 

human glioblastoma cell lines (E98) [112]. In addition, in vivo studies with cabozantinib has 

shown significant reduction of metastasis, angiogenesis and tumour growth for different 

malignancies [49, 106]. This makes cabozantinib a promising agent to reduce migration and 

metastasis for OM, as well as other malignancies.  

 

Confocal microscopy of Live/Dead stained spheroids   

Pictures of IC50 treated and untreated spheroids was obtained for the M4 cell line. Number of 

dead and live cells seemed to be equal for both treated and untreated spheroids. No 

morphologic changes were seen.  

Data from the tumour spheroid observation assay (see figure 4.14), showed that spheroid size 

was affected after 7 days of treatment, and the antitumour effect was seen throughout the 21 

days of observation. Images obtained with confocal microscopy was treated for 72 hours, 

suggesting that longer treatment is needed to see the same effect seen in the tumour spheroid 

observation assay. 
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As seen in the viability images (see section 5.1) few red fluorescent cells were seen. This can 

be explained by the fact that dead cells on the outside of the spheroid continually is washed 

out, thus not imaged.  

5.6 Western blots  

The MET receptor is important in tumour signaling, and is implicated in migration and 

embryogenesis. Together with VEGFR which induces angiogenesis, these receptors are 

important in the inhibition of cell migration. Treatment with VEGFR inhibitors alone in 

preclinical trials have shown to increase the metastasis rate and invasiveness. Increased 

expression of c-MET is also believed to be a consequence of treatment, due to hypoxia 

induced activation of MET [103, 113, 114]. KIT is often implicated in OM, and treatment 

targeting only KIT have showed to activate MET in some malignancies [75]. Triple 

inhibition of these RTKs is believed to solve the cross signaling between these pathways. 

Cabozantinib has potential to inhibit all three receptors, making it able to reduce and inhibit 

cell migration and growth in vitro, and metastasis, angiogenesis and tumour growth in vivo.  

For cabozantinib to have anticancer effects, the targeted RTKs must be sufficiently inhibited, 

making them unable to get into their active phosphorylated form. p-VEGFR, p-KIT and p-

MET was therefore studied by western blots.  

The amount of p-KIT was detected in a stable amount in the control samples. In IC50 treated 

samples the protein level was decreased or not present. These results indicate that 

cabozantinib effectively inhibits the KIT receptors in these cell lines. 

Equivalent results have been shown in the literature. Yakes and colleagues showed that 7.8 

µmol/L cabozantinib strongly inhibited phosphorylation of KIT in vivo after injection of cell 

lines from different malignancies (A431, B16F10, C6, H441, H69, Hs746T, HT1080, MS1, 

PC3, SNU-1, SNU-5, SNU-16, U87MG and MDA-MB-231) in mice [49]. Cohen and co-

workers did a study on mice where gastrointestinal stromal tumour cells had been injected. 

After 8 weeks of treatment with 60 mg/kg of cabozantinib, histological samples showed no 
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sign of KIT staining. They also showed that cabozantinib had a higher antitumour effect than 

imatinib (RTK inhibitor targeting KIT [115]), both for imatinib sensitive and resistant 

models [75]. This is relevant because targeting only KIT can activate MET in some 

malignancies, dual targeting of both receptors with cabozantinib have been proven to be 

more effective [75]. 

In this thesis, no consistent difference in p-MET amount was seen before or after treatment. 

Still, an antitumour effect was seen after cabozantinib treatment.   

In a study by Yakes and colleagues, rats with H441 tumours were treated with an oral dose of 

100 mg/kg cabozantinib before p-MET were investigated. They showed that p-MET levels 

were downregulated 2-8 hours after treatment, but after 48 hours p-MET returned to basal 

levels. Still, cabozantinib inhibited tumour growth significantly in vivo [49]. In our work, 

cells were treated for 72 hours, which may have been enough time for p-MET to return to 

basal levels, like seen in Yakes study. For further investigation, western blots of p-MET after 

2 and 8 hours should be performed to supplement this hypothesis.  

Another reason for our results could be that cabozantinib is not able to inhibit the MET 

receptor in canine cells, because of potential differences between the human and canine MET 

protein structure. As of today, no data about this subject could be found in the literature. 

However, xenograft in vivo studies with rats and mice have shown effects of cabozantinib, 

making it likely that cabozantinib would inhibit RTKs in canines as well.  

Yet another explanation could be that the apoptotic and dead cells floating in the medium 

were removed during cell lysate preparations. These cells might have died because of RTK 

inhibition, including MET inhibition. Therefore, a western blot on the apoptotic cells might 

have shown decreased levels of p-MET.  

The MET receptor seemed to be unaffected by cabozantinib, but still beneficial effect of 

cabozantinib was seen in our assays. This can imply that inhibition of KIT, in addition to 

RTKs not investigated in this study is sufficient to reduce tumour progression in canine OM 
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cell lines. Cabozantinib can inhibit several RTKs, and may have inhibited others than which 

have been evaluated in this thesis, contributing to decreased tumour progression and growth.  

 

5.7 Concluding remarks  

This thesis has used fundamental in vitro assays with canine OM cell lines to study 

cabozantinib as a treatment opportunity for OM. In accordance with the literature, 

cabozantinib did decrease cell viability in a dose-dependent manner for all 5 cell lines [95, 

96]. In consistency with the literature, cabozantinib significantly induced apoptosis for all 

cell lines [96, 101-103]. However, for the M3 and M5 cell line, this effect was only seen 

after treatment with the IC90 (100 µM) treatment. For the remaining cell lines, a dose-

dependent effect was observed, with increasing number of apoptotic cells.  

Cell cycle distribution was in general not affected by treatment, although one cell line (M2) 

showed a significant G0/G1 arrest. Arrest in the G0/G1 phase is a consistent finding in the 

literature [101, 105, 106], raising the question of a dual tumour prevention mechanism 

through both inducing apoptosis and cell cycle arrest. 

The M3 and M5 cell line did not respond by inducing apoptosis or G0/G1 arrest after low 

treatment doses of cabozantinib. This indicates that low doses of cabozantinib only reduce 

growth and migration in vitro for these cell lines.    

Cabozantinib did not influence the clonogenic potential of the cells after using the lowest 

doses, but decreased colony formation after treatment with the IC90 (100 µM) dose.  

In general, the results from the spheroid assays exhibited better effect of treatment than the 

monolayer assays. Growth inhibition and decrease in size of spheroids were observed, as 

well as inhibition of cell outgrowth and migration from spheroids. These are important 

findings, as 3D models are believed to be clinically more relevant. The results in this thesis 
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indicate that cabozantinib may have anticancer effect also on OM in an in vivo setting [98, 

99].  

Cabozantinib did not influence p-MET levels after 72 hours. These results do not exclude 

that levels were affected during the 72 hours of treatment, as Yakes and co-workers have 

revealed that p-MET levels can be downregulated after cabozantinib treatment before 

returning to basal levels within 24 hours after treatment [49]. Changes in phosphorylated 

protein levels over time was not studied in this thesis. 

p-KIT levels were downregulated or not present after cabozantinib treatment for all cell lines. 

The results indicate that inhibition of this receptor may be enough to decrease tumour 

progression and growth in vitro. Because this study only explored the effect of cabozantinib 

on the KIT and MET pathways, the results in this thesis do not exclude the possibility that 

cabozantinib blocks other pathways as well, resulting in the antitumour behavior seen.  

 

5.8 Future aspects  

The assays should be repeated with expanded treatment doses. The concentration range 

between the IC50 and IC90 doses used in this work were extensive. Expanded treatment 

concentrations to fill this gap, would be favourable to establish the minimum dose of 

response, which likely lies between IC50 and IC90.  

As the cell lines responded differently to the different assays, the experiments should be 

repeated on more OM cell lines, including OM cell lines from humans, to see if the same 

trend can be observed.  

Information on protein level expression in these OM cell lines are available (table 3.2). Still, 

this should be further explored, by expanding on the western blot assay to further map the 

genetic alterations that may have importance for OM progression. This could lead to an 
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improved understanding of which signalling pathways are more important in the progression 

of canine OM, and these data could then be further explored clinically. 

Low doses of cabozantinib induced apoptosis for some cell lines, and induced G0/G1 arrest 

in one cell line. However, the data shown in this study did not coincide completely with what 

has been published previously in the literature, and should therefore be expanded upon. It 

should be emphasized that this work studied apoptosis and cell cycle after only 72 hours of 

treatment. These assays should therefore be repeated, including several time intervals 

between 2-72 hours. 

Protein studies of expanded RTKs should be done to understand which RTKs are targeted in 

OM cell lines during cabozantinib treatment, as cabozantinib can block several tumour 

associated RTKs. Also, long-term treatment should be studied further, as a frequent problem 

with drug therapies is the development of resistance. 

Cultured cells resemble the parent tumour to a certain degree, but after several passages cells 

commonly change their phenotype, and the growth environment can influence growth and 

tumour characteristics. To validate the findings in this thesis, in vivo preclinical studies of 

cabozantinib should therefore be performed. If successful, animal trials and human trials will 

further reveal if cabozantinib can be effective as a treatment of OM.  

It is not unlikely that Cabozantinib might have synergistic effects if combined with other 

drugs, such as for instance immunotherapies. Exelixis has in cooperation with Bristol-Myers 

Squibb Company and Roche ongoing clinical trials, where cabozantinib is combined with 

immunotherapy to increase the efficiency of treatment [116].  
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