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Abstract 


Cancer is a major health issue all over the world. Cancer related deaths are one of the 
 major causes of deaths, and are in > 90 % of the cases related to metastatic 


development, and spread of the cancer outside the primary location.  


The receptor tyrosine kinase AXL is closely associated with the development of cancer 
 and the receptor is upregulated in many different cancer forms. Upregulation is 
 associated with increased invasiveness, and poor overall survival.  


Warfarin is a known anticoagulant, which also is suitable as an AXL inhibitor. The 
 warfarin-mediated inhibition of AXL is through the depletion of Vitamin K, with a 
 subsequent inhibition of the γ-carboxylation of the Vitamin K dependent proteins in 
 the body. GAS6, the ligand of AXL, is vitamin K dependent and will be unable to 
 activate the receptor following warfarin treatment. 


In this thesis, we have worked with the warfarin-mediated inhibition of the receptor 
 tyrosine kinase AXL. In five different mouse model systems, we have evaluated the 
 effect of warfarin-mediated AXL-inhibition in the development and metastasis of 
 pancreatic ductal adenocarcinoma. We also evaluated how warfarin-mediated AXL 
 inhibition impacts on expression of EMT markers, and the ability of the cells to migrate 
 and form colonies, which is a hallmark of cancer with metastatic properties.  


Further, we performed a register based cohort study using the Norwegian National 
 Registry, the Cancer registry of Norway and the Norwegian prescription database. We 
 investigated the cancer incidence in warfarin users compared to non-users in a broad 
 segment of the Norwegian population, with a cohort comprising 1,2 million persons 
 aged 52-82 years. 


Our work establishes AXL as an important driver of metastatic formation in pancreatic 
 ductal adenocarcinoma. The level of metastatic disease were significantly reduced in 
 all warfarin treated animals. We also confirmed the close relation between AXL and 
 EMT, as epithelial markers were upregulated when AXL was inhibited. The cells 
 migratory and colony forming capabilities were also impaired after AXL inhibition.  


In the population-based register study we observed an overall cancer protective 
association, with lowered incidence rate ratio of cancer in warfarin users compared to 
non-users. This was observed both for all-site cancer, and for the most prevalent 
cancer diagnoses in the material.  



(9)Altogether, our results emphasizes the importance of the receptor tyrosine kinase AXL 
in the development and progression of cancer. Warfarin-mediated AXL inhibition are 
shown to have a cancer protective effect, both in murine model systems and in 
population level studies. The results from this thesis suggest further investigations, to 
fully illuminate the potential use of warfarin in an anti-cancer setting. 
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1. Introduction 


1.1 Cancer 


The term cancer describes a diverse group of diseases. These diseases can present very 
 differently, but share common features of uncontrolled cell division, and the ability of 
 metastatic dissemination. The term malignant is used when cells in a tumor has the 
 ability to invade either nearby, or distant tissues.1 Cancer is a major health problem 
 throughout the world. In Norway, there were 32,592 new cases of cancer reported in 
 2015. As shown in figure 1, the three most frequent cancer sites for men were prostate, 
 lung and colon, and for women they were breast, colon and lung.  


FFigure 1: The most frequent cancer types in Norway 2011-2015. Adapted from2


In 2014, 10971 cancer deaths were reported, and death from cancer was the second 
most common cause of death after heart-diseases. For men, lung cancer (1198) and 
prostate cancer (1093) are the more frequent causes of cancer death, and lung (960), 
breast (663) and colon (595) are the most frequent in women.2  



(14)FFigure 2: Age-standardized (Norwegian standard) mortality rates per 100 000 person-years for selected cancers in 
 Norway, 2014. Adapted from2


1.2 Pancreatic cancer 


Pancreatic cancer is the fourth leading cause of cancer death in Norway, with a 5-year 
 relative survival of 6.4%.2 Pancreatic cancer is the 12th most frequent cancer worldwide, 
 but the high overall mortality, with 330,000 deaths in 2012 makes it to the seventh most 
 leading cause of cancer death.3 There are several risk factors for developing pancreatic 
 cancer, with increasing age as the major one. The cancer form is rarely seen before the 
 age of 40 years, and the risk is 40 times increased at the age of 80 years. Family members 
 of patients with pancreatic adenocarcinoma has an approximately threefold risk of 
 developing the disease, suggesting a genetic inheritance.4 Also increasing body mass 
 index, new onset diabetes mellitus, chronic pancreatitis, and smoking are factors known 
 to increase the risk.5


The most common form for pancreatic cancer is pancreatic ductal adenocarcinoma 
(PDAC), with over 85% of all pancreatic neoplasms being of this origin.4 These tumors 
are located in the head of pancreas in 65% of the cases, and tumors with this localization 
is normally presenting earlier than other localizations, mainly with symptoms as acute 
pancreatitis, jaundice and/or biliary obstruction.5 Several mutations are linked to the 
progression of PDAC. The most described ones are activation of the oncogene VI-KI-
RAS2 Kirsten rat sarcoma viral oncogene homolog (KRAS), followed by inactivation of 
several tumor suppressor genes, such as cyclin  dependent  kinase  inhibitor  2A 
(CDKN2A),SMAD family member no 4( SMAD4)/Deleted in pancreatic cancer -4 (DPC4), 



(15)Tumor protein p53 (TP53) and Breast cancer 2 (BRCA2).4,6 In most cases, PDACs evolve 
 through non-invasive precursor lesions, so-called pancreatic intraepithelial neoplasias 
 (PanINs). These are microscopic lesions, (<5mm), and not detectable by non-invasive 
 imaging. The PanINs are graded from 1 to 3 after level of cellular atypia. Low-grade 
 PanINs (PanIN1) are increasingly common with increasing age. High-grade PanINs 
 (PanIN3) are usually found together with invasive cancer.6 The genetic alterations 
 associated with invasive cancer are also found in PanINs and the prevalence of these 
 alterations will increase corresponding to the cytological and architectural atypia in the 
 PanINs. KRAS gene mutations are normally one of the first alterations to be present in 
 these lesions, and are increasingly frequent with the development of more advanced 
 disease. At the stage of PDAC, nearly 100% of the tumors present with KRAS 
 mutations.4,7


1.2.1 Other pancreatic tumors 
 N


Neuroendocrine tumors  


Pancreatic neuroendocrine tumors (PNET) are rare, representing 1-2% of all pancreatic 
 tumors. They originate from pluripotent cells in the pancreatic ductal/acinar system. 


They could be secreting biologically active hormones, or they could be non-functional 
 (60-90%). Hormone secreting tumors can give many different clinical syndromes, where 
 hyperinsulinemia (insulin-secreting tumors), and Zollinger-Ellisons syndrome (gastrin-
 secreting tumors) are the most common forms.8  The malignant potential of these 
 tumors vary from slow-growing tumors with non-invasive growth, to invasive and 
 metastatic tumors.9,10


Acinar cell carcinoma 


Acinar cell carcinomas (ACCs) are rare neoplasms, accounting for 1-2% of all pancreatic 
tumors.11 These tumors produce high amounts of digestive enzymes, which can give 
symptoms as skin rashes and joint pain.12 The distinction between ACCs, and PNET can 
be unclear, and it is shown that one third of the ACCs have a neuroendocrine 
component.11
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Cystic neoplasms of pancreas 


Malignant cystic tumors of pancreas represent 3-4% of pancreatic neoplasms and the 
 most common forms are mucinous cystic neoplasms, serous cystic neoplasms and intra-
 ductal papillary mucinous neoplasms (IPMN). Mucinous cystic neoplasms are the most 
 frequent type, representing 40% of the cystic neoplasms. The prognosis is similar to 
 PDAC, except patients with IPMN can present with pre-invasive lesions, which have a 
 more favorable prognosis.5  


1.2.2 Staging of pancreatic cancer 


Pancreatic cancer is staged from 0 to IV regarding size, borders and affection of 
 surrounding tissue and/or lymph node and distant metastases.6 The staging is based on 
 the  Tumor, Node, Metastasis (TNM) classification of malignant tumors.13  


Pancreatic cancer is staged at the point of diagnosis, and the staging will be 
 determinative for choice of treatment. 


Stage   TNM   Category   Median survival  


0  Tis, N0, M0  Local or resectable  17-23 months 


IA  T1, N0, M0  Local or resectable  17-23 months 


IB  T2, N0, M0  Local or resectable  17-23 months 


IIA  T3, N0, M0  Local or resectable  17-23 months 


IIB  T1, N1, M0; T2, N1, M0;  


T3, N1, M0  Local or resectable  17-23 months 


III T4, any N, M0  Locally advanced or unresectable  8-14 months 


IV  Any T, any N, M1  Metastatic  4-6 months 


Table 1: Staging of pancreatic cancer. Adapted from6


1.2.3 Treatment of pancreatic cancer 


The treatment opportunities in advanced stages are few, and are yet not very effective.6
In the following section, the most common choices of treatment are described.    



(17)1.2.3.1 Surgery 


Surgery, with complete surgical resection of the tumor is considered to be the only way 
 to cure the disease. Unfortunately, surgery is possible in only  ~10% of the patients.6,14
 Metastases at the time of diagnosis is an absolute contraindication for operation.15 Even 
 after radical surgery, the majority of the patients have a poor prognosis due to 
 recurrence of tumor, and metastatic development.5  


The methods used for surgical intervention, are pancreaticoduodenectomy (Whipples 
 operation), distal resection of pancreas or total pancreatectomy. Operative mortality is 
 low, and the procedure should be performed at centralized surgery wards, with 
 preferably more than 15-20 pancreaticoduodenectomies per year. This is important to 
 keep the complication rate as low as possible.6


1.2.3.2 Chemotherapy 


Adjuvant treatment is given with the purpose to prevent, or delay, any recurrent 
 disease. This treatment is given to patients after radical surgery with curative intention. 


The most used regimens are 5-fluorouracil and leucovorin, or gemcitabine, both for a 
 period of 6 months. In some cases, neo-adjuvant chemotherapy is indicated, but this is 
 still somewhat controversial, and is not yet recommended as standard treatment in 
 Norway.16 Also FOLFIRINOX (fluorouracil, leucovorin, irinotecan and oxaliplatin) could 
 have a potential in an adjuvant setting, and this is currently in clinical trials 
 (NCT01526135).17   


In a palliative setting, FOLFIRINOX is first choice, when performance status is good. This 
gives an acceptable quality of life for most of the selected patients with relatively few 
side effects as long as the Eastern Cooperative Oncology Group (ECOG)-score is 0-1 
before start. In addition, albumin-bound paclitaxel (nab-paclitaxel) and gemcitabine, or 
gemcitabine and capecitabine could be an option for patients when FOLFIRINOX is 
considered too toxic. In addition, gemcitabine monotherapy is an alternative for 
patients when therapy that is more intensive is not feasible due to co-morbidities or 
other complications. If first line treatment gives stable disease for a period of time, it is 



(18)possible to continue with second line treatment after progression. Gemcitabine or FLOX 
 (fluorouracil and oxaliplatin) can both be used as second line treatment in these 
 settings.14,18,19  


1.2.3.3 New drugs in development 


Immunotherapy has shown encouraging results in early clinical trials, and different trials 
 have different treatment approaches. Checkpoint inhibitors are promising, because of 
 their ability to enhance the anti-tumor response of the immune system, and several 
 clinical trials is currently ongoing in pancreatic cancer.  Programmed Death protein 1 
 (PD1)/Programmed Death Ligand 1 (PD-L1) inhibitors or Cytotoxic T-lymphocyte 
 associated protein 4 (CTLA-4) inhibitors are given alone or in combination with each 
 other or already established treatment (NCT02311361, NCT02868632, NCT02866383, 
 NCT02777710, NCT02734160).20 Therapeutic vaccines against pancreas cancer are also 
 currently being tested, and furthermore, different monoclonal antibodies, cytokines 
 and oncolytic virus therapies.21


1.3 Tumor Biology 


Cancer development is a complex, multi-step process, normally developing over many 
years. The development of cancer requires changes, both regarding single cells and for 
their surroundings. Changes at cell level normally consists of mutations, deletions or up- 
or downregulation of regulatory proteins. An average tumor normally have 2-8 so-called 
driver gene mutations, providing the tumor with a growth advantage, in addition to 30-
60 less important mutations.22 Also microenvironmental changes and changes in how 
the environment responds to an atypical cell, is required in the development of a 
fulminant cancer.23 In 2000, Hanahan and Weinberg stated six hallmarks of cancer. (See 
figure 2)24 In 2011, two new emerging hallmarks were proposed.(figure 2).25
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 Figure 2: HHallmarks of cancer. Adapted from25


Sustained proliferative signaling is one of the most important steps in cancer 
 development, and there are many ways to achieve this. Common for many of the 
 different strategies are their influence on the cell cycle. During a normal cell cycle, 
 several checkpoints are established to control the properties of the cell before the 
 entering of a new cell cycle state.  In cancer, a common feature is that the cancer cell is 
 continuously kept in an active proliferating state, without being withheld at the 
 checkpoints and transferred to scenescense.26,27 Cancer cells can produce self-made 
 growth factors giving rise to an autocrine stimulation of proliferation. The cancer cells 
 can also stimulate neighboring cells in the tumor stroma to produce growth factors, or 
 overexpress receptor proteins on their surface to make them hyper-sensitive in 
 situations when limited access to growth factors otherwise could stop the signaling.28 In 
 addition, ligand independent firing is possible due to structural changes in the receptors. 


Further, downstream pathways could be activated without receptor activation.25 The 
 mentioned cellular changes have the potential of making growth factors constitutively 
 active, which will stimulate the cell to increased proliferation.29


A cancer cell will also deactivate mechanisms in the cell designed to negatively regulate 
cell proliferation. One example is the tumor suppressor gene TP53, which under normal 
conditions controls the internal cell machinery, and stops further cell cycle progression 
if the cell is under stress, or has developed genomic damage. Stressful cell conditions 
can be hypoxia or suboptimal glucose access, and this can activate TP53 and trigger 



(20)apoptosis.30 Many cancers have different mutations in TP53, mainly missense 
 substitutions, and this will alter the proteins ability to suppress cell growth.31 An 
 inactivating mutation of TP53 will lead to apoptosis evasion, and is seen in many human 
 cancers. 31


To be able to develop into macroscopic tumors, cancer cells will further need the ability 
 to replicate unlimited. Telomeres are protecting the ends of chromosomes, but they are 
 shortening in each division, until they no longer can protect the coding part of the DNA. 


Under normal circumstances, this will trigger a cell crisis, and subsequent cell death.25
 A majority of cancer cells expresses the enzyme telomerase reverse transcriptase 
 (TERT), which will add segments to the telomeres located at the chromosome ends. This 
 will prolong or even give the cells unlimited replication ability. Mutations in the 
 promoter of the human TERT gene,  is one of the most common noncoding cancer 
 related mutations, although common cancers like breast and prostate will normally not 
 have this mutation.32


It is also essential for every tumor to have access to a sufficient amount of oxygen and 
 nutrients. To achieve this, it is necessary with an adequate vasculature to supply the 
 needs of the developing tumor. During cancer development, preexisting vasculature 
 continues to develop new blood vessels, despite being quiescent under normal 
 conditions. This is often referred to as an angiogenic switch.33 Different tumors express 
 different proangiogenic factors. Vascular endothelial Growth factor-A (VEGF-A) is the 
 most widespread, but also fibroblast growth factor (FGF) and other members of the 
 VEGF family are expressed in a cancer setting. Tumor blood vessels are different from 
 normal vessels, being more irregular, dilated and with the occurrence of non-functional 
 dead-ends.34


The majority of the steps involved when a cell develops into a cancer cell, such as 
elevated levels of metabolic activity and cell division, is increasing the energy-needs of 
the cell. To meet the new requirements,  the developing tumor cells are dependent of 
changes in energy metabolism. The Warburg effect, first described by Otto Heinrich 



(21)Warburg in 1956, is a metabolic switch observed in cancer cells. In this process, the 
 normal Adenosine triphosphate (ATP)-production via oxidative phosphorylation 
 changes to ATP-production via glycolysis, also under normal oxygen levels.35,36 Glycolytic 
 ATP-generation is quicker, but is using more glucose than oxidative phosphorylation, 
 which demands a high level of glucose supply from the surroundings. The increased 
 glucose uptake in the tumor tissue is exploited for diagnostic purposes, with the 
 imaging-technique of [18F] fluorodeoxyglucose positron emission tomography (FDG-
 PET).37


Altogether, a series of events is required in the development from a normal cell to a 
 cancer cell. The process could stop in any of these steps, and this will stop the cancer 
 from developing further. Different treatment approaches is also able to target different 
 of these steps, aiming to stop the process. As an example, bevacizumab is a monoclonal 
 antibody targeting VEGF, preventing the development of a sufficient tumor 
 vasculature.38 Also drugs that prevents cells for entering new cell cycles have been 
 developed, targeting the key regulators of the cell cycle, the cyclin dependent kinases.39  
 1.3.1 Mechanisms for metastases 


Metastases account for >90 % of cancer related deaths.40 An established metastatic 
 tumor at a different and often distant site of the primary tumor is a result of a series of 
 events, which involves local invasion, intravasation, circulative transportation, 
 extravasation, micro-metastatic formation, and finally colonization and formation of a 
 macroscopic metastasis. 41,42 The metastatic process can stop in either of these steps, 
 and the outcome is depending on properties of the tumor cell, but also on responses 
 from the microenvironment at the new site.42 It is shown that only approximately 0.02 


% of the cancer cells that enter circulation is developing into macroscopic metastases.43
The potential of a cancer cells to metastasize is dependent on the degree of genomic 
instability in the cell. Cells with high grade of genomic instability will more easily acquire 
the alterations necessary to metastasize.44  It is known that the epithelial mesenchymal 



(22)transition (EMT) is a driver of the metastatic process, and this will be discussed further 
 in section 1.4.2. 


Experiments have shown the metastatic potential of a tumor is closely related to 
increased resistance to apoptosis, which is considered as the initial step of the 
metastatic process.40 The cell detaches from surrounding cells and extracellular matrix 
(ECM), and at the same time take a more rounded shape due to degradation of the actin 
skeleton. In normal conditions, these processes would lead to apoptotic cell (AC) death, 
through either anoikis (apoptosis induced by cell detaching) or amporphosis (apoptosis 
induced by disrupted intracellular architecture).40 In a metastatic setting however, the 
abnormal cells will escape these processes, and continue to proliferate. It has been 
shown that overexpression of the anti-apoptotic protein B cell lymphoma 2 (BCL-2) 
increases the metastatic capacity of mammary epithelial cell, without affecting other 
important steps as primary tumor growth, cell motility or invasiveness.45 Also the 
metastatic steps of intravasation, circulation, extravasation and establishment in a new 
micro-environment are promoted by anti-apoptotic mechanisms.40  The steps of 
metastatic development are illustrated in Figure 3.  



(23)FFigure 3: TThe pathogenesis of cancer metastasis. The process of metastasis can stop in any of these steps.  Adapted 
 from42


It is known that certain tumor types will metastasize to different specific organs. This 
 problem was addressed as early as in 1889 with Paget’s Seed and soil theory, where 
 certain tumor cells (the seed) are hypothesized to  have specific preferences for a 
 certain micro environment in specific organs (the soil), independently of the rate of 
 blood flow in the different organs.46 A few years later, in the 1920s, another model of 
 explanation were suggested.  At this point, James Ewing proposed the theory of a 
 circulatory pattern between primary tumor and metastatic organs. According to this 
 theory, the metastatic sites are passive receptors of tumor cells, and the preferred 
 organs depend on the circulatory network between the primary and metastatic site. 


Later experiments have confirmed that both theories could be valid, as the number and 
localization of metastases could depend both on mechanical factors as blood supply and 
tumor cell delivery, and also microenvironmental factor where the local environment at 
the metastatic site would favor growth of cancer cells from certain primary 
localizations.43,47



(24)To form a metastasis, the tumor cell has to survive in the new environment at the 
 metastatic site. It is shown that AKT signaling is important in this matter, both when the 
 tumor still is in circulation, but also in specific organs, as lung or bone marrow, to 
 prevent the cell of undergoing apoptotic processes in the early phase of establishing a 
 metastatic tumor.48 Once localized at the new site, the metastatic cells have the 
 capability of establishing a metastatic niche, in terms of releasing soluble factors or 
 micro-vesicles to make the new microenvironment more facilitated for tumor 
 development.49 There is also hypothesized, although still debated, that tumor cells 
 already at the primary site or in the circulation can secrete molecules to prepare the 
 microenvironment at the site of metastasis, making a so-called pre-metastatic niche. 


This is in line with Paget’s seed and soil theory.48,50 It is proposed that modifications of 
 the stroma includes increased levels of fibronectin and matrix metalloproteinases 
 (MMPs), structural changes is ECM and recruitments of bone marrow derived cells to 
 make the environment more favorable for adhesion of the cancer cells, and 
 subsequently metastatic colonization.51,52


1.4 Epithelial to Mesenchymal transition 


Epithelial to mesenchymal transition (EMT) is a process with cellular transformation 
from an epithelial to a mesenchymal phenotype. It is an important process in 
embryogenesis, which allows cells to migrate to different localizations during phases of 
development, both in morphogenesis and organogenesis.53,54 The embryonic form of 
EMT can be referred to as type 1 EMT. The EMT process is occurring also in adult tissue, 
both in normal processes such as wound healing and inflammation (Type 2), but also in 
pathological processes as such cancer, leading to cell invasion, dissemination, and 
development of therapeutic resistance (Type 3).55  Characteristics of the EMT process 
are loss of cell polarity and cell-cell interactions, modulations of the adhesion between 
cells and ECM, enhanced proteolytic activity, ECM degradation, increased cell motility 
and reorganization of the cytoskeleton.56,57



(25)Epithelial cells have several features classifying them as epithelial. They have a well-
 defined apical-basal polarity with a basal membrane and widespread cell-cell contacts, 
 such as tight junctions, which allows communication between the cells. They have a 
 characteristic cobble stone-like shape, and are non-motile. 58,59 Epithelial cadherin (E-
 cadherin) is an important protein responsible for the formation of adherence junctions, 
 by making protein clusters connected to actin microfilaments. This provides a strong 
 control of the epithelial architecture.60 E-cadherin is considered the main marker for the 
 epithelial phenotype, and in vitro, a correlation between the lack of E-cadherin and loss 
 of an epithelial phenotype has been demonstrated.60,61 Other important cell-cell 
 contacts are the tight junctions.  The Claudin protein family is the most important 
 component of the tight junctions, followed by the protein occludin. Both Claudin and 
 Occludin are commonly used as markers for an epithelial phenotype, and they are 
 shown to be downregulated during the process of EMT.53,57,62


The phenotype of mesenchymal cells are quite different from epithelial cells. The shape 
 is more elongated and spindle-like, and they do not have the strict apical-basal polarity 
 seen in epithelial cells. They also lack the cell-cell contacts, which are critical in the 
 epithelial cell structure. Furthermore, mesenchymal cells have the ability to migrate as 
 single cells, and display another set of proteins than the epithelial cells, such as the 
 mesenchymal markers Vimentin and N-cadherin.59 In cancer, the levels of proteins that 
 are characteristic of mesenchymal cells, and simultaneously loss of epithelial markers, 
 correlates with evidence of tumor progression and poor prognosis.63 Typically, the cells 
 expressing mesenchymal markers are seen in the invasive front of primary tumors, and 
 are most likely the cells that first will start disseminating.55,60,64


1.4.1 Activation of EMT 


The EMT program is activated by developmental transcriptional regulators. The most 
important of these are TWIST, Zinc finger E-box binding homeobox 1 and 2 (ZEB1 and 
ZEB2), and two members of the snail superfamily of transcription factors, SNAIL (SNAI1) 
and SLUG (SNAI2).65,66 These transcription factors will change the gene expression 



(26)profile, by repression of the genes encoding for the epithelial proteins (e.g. E-cadherin 
and β-catenin) and induction of increased expression of mesenchymal proteins, such as 
Vimentin and N-cadherin. As an example, it is shown that SNAIL and ZEB bind to, and 
subsequently repress the activity of the E-cadherin promoter, and by that regulating the 
expression of E-cadherin.67 SNAIL and ZEB are also contributing to destabilization of 
epithelial cellular polarity, which is a key feature of epithelial phenotype. By inducing 
expression of different metalloproteases that will degrade the basal membrane, they 
stimulate cellular instability and invasion.68 Also expression of Claudins, which are 
important for tight junctions are downregulated by SNAIL. This is thought to be via the 
lysine specific demethylase 1 (LSD1).69 There is also evidence for a positive feedback 
loop in this system. The metalloproteinase MMP3 will increase levels of reactive oxygen 
species (ROS) in the system, and that will again stimulate the expression of SNAIL.70
Furthermore, it is shown that especially expression of SNAIL is closely related to 
signaling of transforming growth factor β (TGF-β).71 This is relevant, both during normal 
development, and in cancer.53,71 TGF-β has a two-sided role in the development of 
cancer. In many conditions, it is an important suppressor of epithelial cell proliferation 
and subsequently primary tumorigenesis. It will nevertheless serve as a positive 
regulator of tumor development in other conditions.72 During tumor progression, there 
is evidence that the tumor cells will lose their normal TGF- β- related growth inhibition, 
due to mutational changes. This will lead to increased growth, followed by more 
mutations, and subsequently cancer progression.73 In a different pathway, there is 
evidence that the signaling protein Ras will be activated, and this will enhance the 
effects of TGF- β that promotes tumor progression, and metastatic development.73 TGF- 
β also have the potential to activate the phosphatidylinositol 3OH kinase (PI3K) pathway 
with its downstream target AKT, which will lead to EMT –induction.74 WNT signaling also 
have the potential of stimulating EMT. This large family of proteins are involved in 
several cancer types. Activation of the WNT pathway will phosphorylate Glycogen 
synthase kinase 3 beta, (GSK3β), a tumor repressor, and this will via β-catenin activate 
transcription of SNAIL, and stimulate the EMT process.74  



(27)1.4.2 EMT control 


The process of EMT can be controlled by different factors. MicroRNAs (miR) are 
 important in this respect. MiRs are small pieces of RNA (approximately 22 NT) which can 
 bind to target mRNA and influence the translation. Especially, miR-200 is associated with 
 EMT by regulating expression of ZEB.75,76 There is also evidence of down-regulation of 
 miR-200 family members in several human cancers.77-79 Also SNAIL-dependent EMT can 
 be regulated by miR, most commonly by the miR-34 family.80,81  Both the miR-200 family 
 and the miR-34 family are controlled by the tumor suppressor TP53.81,82 TP53 will bind 
 to the promoter of miRNA-200, and stimulate its expression. Loss of TP53 in breast 
 cancer will give less expression of miRNA-200, increased activation of the EMT-program 
 and development of cells with stem-cells properties.82


1.4.3 EMT and Cancer 


In cancer development, EMT is thought to have an important role as a facilitator for 
 dissemination and metastatic spread.  This type of EMT is often referred to as type 3 
 EMT.55 The process of EMT  in cancer is strongly dependent of the tumor 
 microenvironment, and micro-environmental factors will in many cases decide if a cell 
 has the potential to undergo EMT and then metastasize.83 The loss of E-cadherin during 
 EMT is inversely correlated to cancer grade and patient survival, and E-cadherin 
 downregulation is associated with increased cell growth.60 A number of different growth 
 factors will contribute to EMT in cancer, and the growth factor signaling will vary in 
 different cell types. Examples of growth factors that can induce EMT are epidermal 
 growth factors (EGFs), fibroblast growth factors (FGFs), hepatocyte growth factor (HGF), 
 insulin-like growth factors (IGFs) and as before mentioned, TGF-β.54 Also activated Ras/ 


mitogen activated protein kinases (MAPK), Src kinase and PI3K-signaling are shown to 
be inducers of the EMT program.54 These pathways are associated with important 
hallmarks of cancer, such as ability to regulate cell cycle, sustained proliferation, and 
also the properties of evading growth suppression and apoptosis.25 Other tumor-related 
factors can also trigger EMT in cancer. Intra-tumoral hypoxia could trigger the 



(28)expression of SNAIL, and subsequently the process of EMT. Thus, this is an important 
 factor in tumor development, together with acidic conditions, inflammation and low 
 blood glucose.54,84,62


The role of EMT in cancer progression is still not fully understood. It is proven that EMT 
 is not required for establishment of metastases, despite being very important for the 
 invasive development.57 Furthermore, cells with different EMT status could be present 
 within the same tumor. It is hypothesized that there is an EMT gradient in different 
 segments of the tumor, and that the cells goes through different states of intermediate 
 EMT levels, where they gradually lose their epithelial phenotype.57,85 One theory is that 
 a malignant tumor has an invasive front, where the cells have undergone EMT and have 
 mesenchymal properties, whereas the main part of the tumor still largely is epithelial.57  
 Both in embryogenesis, and in cancer development, EMT is a transient phenomenon. 


After cell dissemination and spread to distant sites, the cells will go through the opposite 
 process, mesenchymal to epithelial transition (MET) in order to establish macro-
 metastases at the new localization.60,62 In metastases, the cancer cells exhibit 
 histopathological similar traits as the cells in the primary tumor, lacking the 
 mesenchymal phenotype, supporting the theory of the process of MET.55 It is proposed 
 that this is because the microenvironment in the new localizations will not provide the 
 EMT stimulating signals present at the primary location, leading to a reversal of the 
 process.86  


EMT is important also in other steps in the malignant development, such as resistance 
 to cell death. TGF- β can induce EMT in mammary cells, and at the same time inhibit 
 apoptosis. It is also shown that EMT induction can give rise to a phenotype with 
 resistance of cell senescence induced by oncogenes.87


1.4.3.1 EMT and Cancer stem cells 


The EMT program has in several studies also been linked to the development of cancer 
stem cells (CSCs). A subset of the cells undergoing EMT is exhibiting stem-like properties, 
or being in a condition, just ready to enter the stem cell state.88-90 The hypothesis is that 



(29)these cells will exhibit some of the same traits as normal stem cells, such as the ability 
 to self-renew and serve as progenitors for cell clones with adaptive characteristics.91
 There is not consistency about the origin of cancer cells with stem-like traits, and 
 different theories have been suggested. Dedifferentiation of the a cancer cell together 
 with EMT is one of the proposed mechanisms, together with the hypothesis of 
 malignant transformation of a normal stem cell, and induction of pluripotent cancer 
 cells. In the invasive front of tumors there is evidence for expression of both stemness-
 associated genes, and EMT-related genes, supporting the theory of a dedifferentiation 
 of a subpopulation of cancer cells together with EMT.92 It is shown that both the 
 transcription factors SNAIL and TWIST stimulate the acquisition of stem cell properties 
 in cancer cells. 87 Investigations of cells that have undergone EMT and exhibit 
 mesenchymal markers show that a significant proportion of these cells will express cell 
 surface markers compatible with stem cell traits, with a CD44high/CD24 low ratio.88  
 1.4.3.2 EMT and drug resistance 


It has been shown that the EMT-related transcription factor SNAIL can induce resistance 
 to both chemotherapy and immunotherapy, and also immunosuppression. 


Furthermore, TWIST is capable of inducing resistance to senescence.87,93 Investigations 
 of cell lines resistant to chemotherapy revealed that these cells present with a 
 mesenchymal phenotype, and express markers of EMT.94,95 In acquired resistance, 
 evidence shows that the process of EMT gives rise to more mesenchymal cells with 
 chemo-refractory abilities and stem cell like features.96 Also de novo resistance is related 
 to EMT. In treatment of lung cancer with EGFR kinase inhibitors, sensitive tumors have 
 elevated E-cadherin levels, while drug resistant cells have properties that are more 
 mesenchymal.97  


1.5 Receptor tyrosine kinases 


Receptor tyrosine kinases (RTKs) are a group of transmembrane proteins, functioning 
as cell surface receptors and regulators of many cellular processes. In the human 
genome there are 58 RTKs, separated in 20 subfamilies.98 The molecular structure of all 



(30)the RTKs are similar, containing an extracellular ligand-binding domain, and an 
 intracellular tyrosine kinase region, separated by a transmembrane helix. RTKs are 
 normally activated by ligand binding, followed by receptor dimerization and activation 
 of an intracellular kinase domain.98 Overexpression of RTKs, commonly because of gene 
 amplification, is closely related to many human cancers.99 Figure 4 gives an overview of 
 human RTKs. 


FFigure 4: HHuman receptor tyrosine kinases. Adapted from99


1.5.1 AXL receptor tyrosine kinase 


AXL is a RTK and a member of the TAM (TYRO, AXL, MER), family of RTKs which is a group 
 of transmembrane RTKs. AXL is located at chromosome 19, and is encoded by 20 exons. 


The receptor is approximately 140 kDa in a fully glycosylated state.100,101 The name AXL 
is from the Greek “anexelekto” which means uncontrolled.100 AXL was first discovered 
in Chronic myelogenous leukemia, as an unidentified transforming gene.102 In normal 
tissues, AXL has a ubiquitously distribution. Detectable levels of AXL are found in 
endothelial cells, heart, kidney, liver, monocytes/macrophages, platelets, skeletal 
muscle, and testis. Also in the normal brain, there is evidence of AXL, most notably in 
cerebellum and hippocampus.103  



(31)1.5.1.2 AXL structure 


The structure of AXL is similar to other RTKs. AXL consists of an extracellular domain (N-
 terminal), containing two fibronectin type III domains, and two immunoglobulin (IG)-like 
 domains.100,104 The intracellular tyrosine kinase domain (C-terminal) contains an unusual 
 KWIAIE amino acid sequence, which is unique for the TAM family of RTKs. This sequence 
 is similar, but different to the consensus sequence for all the tyrosine kinases.100 The 
 intracellular domain has an ATP-binding site, which catalyzes receptor auto-
 phosphorylation and serves as a docking site for cytoplasmic signaling proteins 
 containing domains for protein tyrosine binding and src-homology-2.105 This structure 
 is common for all the TAM RTKs. Figure 5 shows the structure of AXL and its ligand GAS6. 


FFigure 5: SStructure of the receptor tyrosine kinase AXL and its ligand GAS6. Adapted from106


1.5.1.3 AXL ligand 


AXL is activated by its ligand Growth arrest specific 6 (GAS6) which was first identified 
in 1995.107 GAS6 is a vitamin-K dependent protein, containing a gamma-glutamic acid 
residue (Gla) –rich domain at the N-terminal. The Gla-domain is under normal 



(32)conditions carboxylated from glutamate to gamma-carboxyglutamate prior to receptor 
 binding. This vitamin-K dependent process is necessary for GAS6-mediated activation of 
 AXL.108-110 In addition to the Gla-domain, GAS6 also consists of four EGF-like repeats and 
 a sex hormone binding globulin at the C-terminal, which includes two laminin G-like 
 domains.111  Structural studies have shown that there are two binding sites between 
 AXL and GAS6, one major contact between  LG1GAS6 and IG1AXL and one minor contact 
 between LG1GAS6 and IG2AXL. Both the points of contact are required for AXL 
 activation.112  


1.5.1.4 AXL activation 


After binding, AXL and GAS6 are creating a strong 1:1 GAS6:AXL complex, followed by a 
dimerization of two 1:1 GAS6:AXL complexes.112 After gamma-carboxylation, the Gla-
domain of GAS6 will bind to phosphatidylserine (PtdSer) on neighboring cells in a 
calcium-dependent process. Many cell types throughout the body are expressing 
PtdSer. In most conditions, PtdSer is located at the inner leaflet of the plasma 
membrane, but activated platelets and ACs are presenting the PtdSer on the outside.113
The interaction between the Gla-domain and the PtdSer on neighboring cells is 
optimizing receptor activation.110 There are conflicting reports regarding the possibility 
of AXL activation without simultaneously binding of PtdSer. The evidence is consistent 
in the findings of that the PtdSer binding is not essential for the binding of GAS6 to the 
receptor, but the presence of PtdSer is thought to increase the affinity.114 A study from 
2014 argues that the gamma carboxylation of the Gla-domain is essential for receptor 
activation, but there is no need of following binding to PtdSer for receptor signaling.115
Another report from the same year argues that AXL signaling depends both on the 
carboxylation of GAS6 and subsequent binding of PtdSer.110 On the contrary, a more 
recent report demonstrates a possibility of receptor activation without gamma 
carboxylated Gla domain, and subsequently no binding to PtdSer but the activation will 
then be of weaker character.116 Figure 6 illustrates the GAS6-mediated activation of AXL.    



(33)FFigure 6: GGAS6:AXL activation. Illustrates that AXL is activated of GAS6 and not Pros1, and that AXL is dependent of 
 carboxylated Gla-domain of GAS6 binding to PtdSer on neighboring cells.  Adapted from Lew et al110   


There is also evidence that ligand-independent processes can activate AXL. This can be 
through interaction of two monomers on neighboring cells, causing cell aggregation, 
ligand independent dimerization and heterotypic receptor-dimerization with a non-
TAM receptor.111,117 Ligand-independent activation of AXL is related to AXL 
overexpression, and is therefore more likely to occur under pathological conditions, 
such as cancer.118,119 Especially the homophilic binding of the extracellular domains on 
neighboring cells can lead to cell aggregation, and is associated with cancer, when the 
receptor is overexpressed.120 Figure 7 illustrates the different mechanisms leading to 
AXL activation. 



(34)FFigure  7:  Mechanisms  of  AXL  receptor  activation/inactivation.  AA: Ligand induced activation. High affinity 1:1 
 GAS6:AXL complex followed by a dimerization of two GAS6:AXL complexes. BB: Hemophilic binding of extracellular 
 domain of AXL expressed on neighboring cells can lead to cell aggregation especially when AXL is overexpressed. 


C: Ligand independent hemophilic dimerization of AXL and auto-phosphorylation in response to ROS. DD: Proteolytic 
 cleavage of AXL to form soluble AXL (sAXL). Adapted from118  


After the dimerization of the complexes, there will be a subsequent auto-
 phosphorylation of the intracellular kinase domain of AXL. There are several intracellular 
 tyrosine residues which can be phosphorylated, the most described sites are Y779, Y821 
 and Y866, all located in the C-terminal kinase domain.118,121


After activation of the GAS6:AXL complex, there is a cleavage of the extracellular domain 
 from the cell surfaces, a process conducted by proteases.122 There is evidence that 
 elevated soluble AXL (sAXL) in blood can be a marker of different conditions of variable 
 character. For example, sAXL is suggested as a potential biomarker for inflammation, 
 and early stage hepatocellular carcinoma.123,124


1.5.1.5 Downstream events of AXL 


The activation of AXL is linked to different intracellular signaling cascades, where several 
also are related to tumor development. The downstream signaling is thought to be 
similar to other RTKs, and different pathways are activated at different time points, 



(35)determined by tissue type, cell type and extracellular environment.101 The PI3K- 
 pathway, with the downstream targets AKT and S6K, and also the phosphorylation of 
 nuclear factor-κB (NF-κB) is one of the major downstream pathways of AXL activation. 


PI3K is an intracellular kinase and the key component of a pathway mediating several 
 cellular responses related to cancer development, such as growth, motility and 
 survival.125 It is evidenced that the p85 (α and β) subunit of PI3K is interacting with a 
 multi-substrate docking site at the tyrosine 821 on AXL.121,126 Activation of PI3K and 
 subsequently NF-κB, will lead to increased expression of anti-apoptotic proteins such as 
 B-cell lymphoma 2 (BCL-2) and B-cell lymphoma extra-large (BCL-XL), and inhibition of 
 pro-apoptotic proteins like caspase 3.103 Furthermore, AKT will phosphorylate the pro-
 apoptotic BAD, which subsequently will not be able to interact with BCL-XL and BCL-2. 


This will lead to decreased apoptosis, and increased cell survival.127 It has been shown 
 in Gonadotropin releasing hormone -neurons that PI3K can mediate activation of p38, 
 which in turn will lead to phosphorylation of Heat-shock protein 25. This is a regulator 
 of actin modelling, and its activation will regulate remodeling of actin, which will favor 
 increased migration.128 Also p-21-activated kinases -1 (PAK1) is known to be activated 
 through the PI3K/AKT pathway. PAK1 stimulates cell invasion when activated.129
 Another downstream target for AKT is GSK3. This protein has been shown to mediate 
 several oncogenic traits, such as cell survival, proliferation and cell cycle progression.130
 Overall, AXL-mediated activation of the PI3K-pathway is linked to increased cell survival, 
 proliferation and cell migration. 


The MAPK/extracellular signal regulated kinases (ERK) signal transduction cascade is 
also initiated upon AXL phosphorylation. The tyrosine kinase domain of AXL will after 
auto-phosphorylation bind to the intracellular Grb2 protein, which then will activate the 
MAPK/ERK pathway.121 This pathway is often linked to AXL-mediated proliferation.103,131
This GAS6-mediated induction of ERK is both in strength and duration comparable to 
what is seen in response to more well-described growth factors, such as EGF and 
platelet derived growth factor.132 The growth-stimulating effect of GAS6 is additive to 



(36)the effect of EGF, which suggests that GAS6 utilizes other pathways than those utilized 
 by EGF.126,132


AXL signaling is heavily involved in the human immune system. Together with the other 
 TAM receptors, the GAS6:AXL complex will protect innate immune cells such as 
 macrophages, dendritic cells and natural killer cells (NK cells), from apoptosis. Via the 
 type 1 interferon receptor (IFNAR), GAS6:AXL will initiate phosphorylation of the 
 transcription factor STAT 1, a member of the Signal transducers and activators of 
 transcription family of transcription factors, and subsequently the expression of 
 suppressor of cytokine signaling  1 and 3 (SOCS 1 and 3), which are inhibitors of 
 cytoplasmic cytokines. SOCS 1 and 3 will also inhibit Toll-like receptors (TLR) on dendritic 
 cells, and by this inhibit their inflammatory response to pathogens. These pathways are 
 very important for controlling inflammatory responses.118,133 Also STAT3 is linked to 
 GAS6:AXL. STAT 3, as STAT1, belongs to the STAT family of transcription factors, and is 
 persistently activated in many cancers. STAT 3 is known to be an important mediator of 
 the oncogenic effects of EGF.134 In head and neck-cancer and colorectal cancer, it is 
 shown that inhibition of AXL will lead to reduced phosphorylation of STAT3.135,136  
 Furthermore, there is shown a relationship between AXL and the cytokine interferon-α 
 (IFN-α).104 Secretion of IFN-α will upregulate AXL in macrophages, which in turn will lead 
 to increased TWIST expression and reduced tumor necrosis factor α (TNFα) production. 


TNFα is a strong inflammatory cytokine, and reduced production will give a weaker 
 inflammatory response.137  


The downstream events of AXL is illustrated in Figure 8. 


  



(37)  


Figure 8: DDownstream events of AXL.  This figure show the downstream events after AXL activation. The 
 boxes show the final outcome after the intracellular processes are activated. 


1.5.1.6 AXL regulation 


Some intracellular proteins have the ability to inhibit and regulate the activity of AXL. C1 
 domain containing phosphatase and TENsin homologue (C1-TEN) is a protein that will 
 bind to the intracellular compartment of AXL. This will negatively regulate AXL signaling 
 through PI3K/AKT. The detailed mechanisms behind this inhibition are still unclear. 


When overexpressed, C1-TEN will inhibit the cells ability to proliferate and migrate.138
There is also evidenced that soluble forms of AXL (sAXL) are circulating in plasma, and 
will, by binding to GAS6, inhibit receptor activation.115,139 As other RTKs, AXL is regulated 
by a mono-ubiquitination signal, which leads to endosomal internalization and 
degradation by lysosomes. The regulating ligase for AXL internalization is Casitas B-
lineage Lymphoma-c (c-Cbl).101,140. In kidney cancer it is shown that cells with low levels 
of VHL have increased AXL expression, due to binding of hypoxia-inducible transcription 
factor 1 and 2 (HIF-1 and HIF-2) to the AXL promoter.141,142 Myeloid Zinc finger 1 is 
another protein that is regulating AXL expression by binding to the promoter. This will 
activate the promoter, and increases the expression of AXL.143



(38)There is also evidence for AXL regulation at the mRNA level. Two miRs are identified 
 (miR-34a and miR-199a) which binds to the 3’UTR of AXL, having an inhibitory effect on 
 AXL protein levels.144,145 A recent study in ovarian cancer shows that expression of miR-
 34a will lead to decreased AXL expression followed by significantly inhibited cell 
 migration.146 Similar findings have been shown in prostate cancer where expression of 
 miR-34a leads to downregulation of AXL, and induced apoptosis, and growth 
 inhibition.147 In osteosarcoma it is shown that miR-199a-3p will downregulate the 
 expression of the AXL gene, and this will inhibit progression of the disease. Also, low 
 levels of miR-199a-3p significantly correlates with recurrence of lung metastases, and 
 low levels of miR-199a are a predictor of poor prognosis in osteosarcoma.148  Specificity 
 protein 1 and 3 (Sp1/Sp3) transcription factors are also regulators of AXL expression by 
 binding to Sp motifs upstream for the AXL promoter, and by that driving AXL expression. 


In low AXL-expressing cells, these motifs are methylated which will restrict AXL 
 transcription. This is in contrast to high AXL-expressing cells, where there is evidence for 
 a hypo-methylation of the Sp motifs. Experiments with demethylation of these areas in 
 low AXL-expressing cells, lead to increased AXL expression.149


1.5.1.7 AXL in normal physiology 


In the normal physiology, the expression of AXL is widespread throughout the body, 
 although mainly in the mature immune, nervous, reproductive and vascular systems.150
 Still, none of the TAM receptors is essential for embryonic development, as TAM -/- are 
 viable after birth.114  


Hemostasis 


AXL-expression on platelets will mediate thrombogenesis and platelet stabilization.151
The receptor will be activated by PtdSer on aggregating platelets, and simultaneous 
release of GAS6 from granules in the platelets. This process is contributing to stabilizing 
the clot formation. GAS6 -/- mice show signs of impaired platelet aggregation, with 
prolonged bleeding time.114,152 TAM RTKs are also involved in other parts of the vascular 
homeostasis, such as reestablishment of the endothelial barrier function after vascular 
damage, and also by promoting survival of endothelial cells.153 Furthermore, AXL is 



(39)known to play a role in neovascularization, and it is shown that AXL is important for 
 VEGF-A induced endothelial cell migration and subsequent formation of new blood 
 vessels. This is effectuated through the downstream PI3K/AKT pathway.154  


Mediation of phagocytosis of apoptotic cells 


In the process of phagocytosis, the TAM ligands GAS6 and Pros1 binds to PtdSer on ACs, 
 and serves as a bridging molecule between the AC and a TAM-receptor on a neighboring 
 phagocyte. After activation of the TAM-receptor, this linking of the cells will push the 
 apoptotic process forward.104 This is an important step in normal physiology, and 
 necessary to prevent a state of continuous inflammation.153 In AXL knockout (KO) 
 animals the consequences is shown to be severe, with an accumulation of dead ACs. 


Especially regarding sperm production and in retina, this is important, leaving the AXL 
 KO animals blind and sterile.113


Immunology 


All the TAM receptors, have an important role in the inhibition of the innate immune 
 system.114  The receptors functions as a safety-system to prevent prolonged and over-
 intense immune reactions and will promote tissue-repair after inflammatory responses. 


Dendritic cells have medium AXL expression at steady state, but the expression will be 
upregulated following pathogen invasion, which gives activation of TLR and further by 
type 1 IFN. This will contribute to the termination of the immune response after the 
specific pathogen reaction.133 Situations with low AXL will always present with chronic 
inflammation and a prolonged immune reaction. AXL KO mice have severe autoimmune 
disease in a clinical pattern similar of systemic lupus erythematosus or rheumatoid 
arthritis.155 When a virus enters the human organism, it is possible that AXL activation 
dampens the immune response, and thereby making it easier for the virus to escape the 
immune reaction. Many viruses have PtdSer on their external surface, and will by that 
activate AXL, and enter the cell. Infections like Zika virus, and also Ebola and West Nile 
virus has been coupled to AXL as a receptor for cell entrance.156



(40)1.5.1.8 AXL and EMT 


AXL is known to be closely related to the EMT process.  Over-expression of EMT-related 
 transcription factors, such as SLUG, SNAIL, TWIST and ZEB2 is linked to up-regulation of 
 AXL.65 AXL up-regulation will additionally have a positive feedback on the transcription 
 factors, leading to sustained expression of SLUG, SNAIL and TWIST.65,157 There is also a 
 tight connection between expression of EMT-related proteins and AXL. An example of 
 this is the mesenchymal protein Vimentin. This is a protein is an important regulator of 
 mesenchymal cell migration, and a marker of EMT. The level of AXL is closely related to 
 the level of Vimentin, and increased expression of both proteins will enhance the cancer 
 cells migratory capacity.158 There is also evidence for a relationship between AXL up-
 regulation and acquisition of drug resistance and an EMT phenotype. This is described 
 in several cancers, such as lung cancer, breast cancer and chronic myeloid leukemia 
 (CML).159-162 Furthermore, AXL expression is shown to be enhanced in breast cancer 
 metastases relative to the primary tumor (investigated for matched samples). These 
 findings strongly indicate that AXL is associated with epithelial plasticity and has a role 
 in malignant progression and metastatic development.65  


1.5.1.9 AXL and cancer 


AXL is associated with many different cancers. It was first described in Chronic myeloid 
 leukemia (CML) in 1988. In the beginning, it was described as an unidentified 
 transforming gene.102,163 Activating mutations or amplifications associated with AXL are 
 rare, rather up-regulation and increased ligand-induced activation is associated with 
 cancer.100,164  In the recent years, there have been many reports of AXL up-regulation in 
 several different cancer types. (Table 1). It is believed that the upregulation of AXL is 
 induced by hypoxia in the tumor environment, which is a common feature of most solid 
 tumors. Hypoxic conditions will stimulate HIF-1 and HIF-2 to express several genes as 
 response to this, amongst these, AXL.142 Overexpression of AXL has several implications. 


It is related to poorer prognosis65,165,166, development of drug resistance159,161,167 and  
 increased invasiveness.158 Malignancies related to AXL-upregulation, and the 


correlation with poor prognosis are summarized in Table 2. 
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