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ABSTRACT 

Abstract 
Malignant glioma consists of a group of diseases where the 
localisation and the nature of the disease makes treatment an 
extreme challenge. Two important biological features of malignant 
glioma cells are their infiltrative growth and their ability to induce 
angiogenesis. Glioma cells migrate extensively behind the blood-
brain barrier and infiltrate the surrounding brain making radical 
treatment with surgery and radiotherapy almost impossible.  

The aims of this thesis were to investigate factors of 
importance for glioma cell migration and angiogenesis and to 
evaluate if an anti-angiogenesis approach alone or in combination 
with current treatment modalities could inhibit glioma growth. For 
this purpose we used the BT4C orthotopic rat glioma model and 
investigated treatment effects of the vascular endothelial growth 
factor (VEGF) receptor-2 and epidermal growth factor (EGF) 
receptor tyrosine kinase inhibitor ZD6474 alone or in combination 
with temozolomide or radiotherapy. Altered protein expression 
pattern after anti-angiogenesis treatment was measured using a 
mass-spectrometric proteomic method, followed by multivariate data-
analysis.  

The tissue plasminogen activator (tPA), urokinase 
plasminogen activator (uPA), plasminogen activator inhibitor-1 (PAI-
1), and VEGF showed altered temporal and spatial mRNA 
expression during glioma progression. In early stages of tumour 
progression the expression was found throughout the tumour while 
in later stages, the expression was more predominant in the 
invasive tumour border.  

ZD6474 in monotherapy significantly inhibited tumour 
growth in the BT4C glioma model. The effect was further 
enhanced when combined with radiotherapy or temozolomide. Using 
mass-spectrometric methods an altered protein expression pattern 
after ZD6474 treatment was observed implicating the possibility to 
use proteomic methods for finding predictive biomarkers for anti-
angiogenesis treatment.  

In conclusion, this thesis demonstrates a co-expression of 
factors important for glioma growth and angiogenesis and that 
treatment with an angiogenesis inhibitor has additive effects on 
glioma growth when combined with radiotherapy and chemotherapy. 
Finally, an altered protein expression pattern after anti-angiogenesis 
treatment is evident and detectable. Hopefully this work will 
contribute to and encourage further research to reach a better 
understanding of how to combine and evaluate different treatment 
approaches in malignant glioma. 

 
Keywords: glioma, angiogenesis, VEGF, tyrosinekinaseinhibitor, 
ZD6474, plasminogenactivator, tPA, uPA, proteomics
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POPULÄRVETENSKAPLIG SAMMANFATTNING PÅ SVENSKA 

Populärvetenskaplig sammanfattning 
på svenska 
En malign hjärntumör är en sjukdom som inte bara påverkar 
hjärnan lokalt utan också har effekter på individens personlighet 
och den människa han eller hon alltid varit. Maligna gliom består 
av en grupp hjärntumörer där lokalisationen och dess infiltrativa 
växtsätt gör sjukdomen svårbehandlad. Det är den vanligaste 
formen av malign hjärntumör hos vuxna och 
behandlingsmöjligheterna är fortfarande begränsade. Därför är det 
viktigt att forskningen omkring denna sjukdom fortskrider. Två 
viktiga biologiska särdrag som skiljer de maligna hjärntumörerna 
från de benigna, är tumörcellernas förmåga att sprida sig 
(migration) in i den normala hjärnvävnaden samt förmågan till att 
stimulera nybildning av blodkärl (angiogenes). Dessa egenskaper 
omöjliggör i stort sett botande behandling med lokala behandlingar 
som kirurgi och strålbehandling. Det krävs därför även en 
behandling som kan angripa alla utspridda tumörceller. 
 Målet med denna avhandling var att undersöka 
faktorer som är viktiga för gliomcellernas migration och angiogenes 
samt att utvärdera om experimentell behandling riktad mot 
nybildning av blodkärl ensamt och i kombination med annan 
konventionell behandling kunde påverka tillväxten av gliom. För 
detta syfte använde vi oss av en djurmodell med en tumör 
transplanterad till hjärnan. Djuren behandlades med ett 
experimentellt läkemedel, ZD6474 (vandetanib, Zactima™), som 
hämmar både VEGFR-2 (vascular endothelial growth factor receptor-
2), en receptor viktig för blodkärlsnybildning och EGFR (epidermal 
growth factor receptor), en receptor viktig för tumörcellernas delning 
och tillväxt. Djuren fick behandling med ZD6474 ensamt och i 
kombination med strålbehandling eller temozolomid, ett cytostatikum 
som används idag vid behandling av maligna gliom. Med hjälp av 
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en mass-spektrometrisk metod undersöktes också förändringar i 
proteinuttrycksmönstret i tumör och normal hjärnvävnad efter 
behandling med ZD6474.  

Genom att undersöka mRNA-uttrycket från tPA 
(tissue-type plasminogen activator), uPA (urokinase-type plasminogen 
activator), PAI-1 (plasminogen activator inhibitor-1) och VEGF 
(vascular endothelial growth factor) kunde vi se att dessa faktorer 
uttrycktes samtidigt. Allteftersom tumören tillväxte lokaliserades 
uttrycket till den invasiva tumörkanten som gränsade mot den 
normala hjärnvävnaden. Man kan misstänka att tumörcellerna 
utrustar sig med verktyg på sina cellytor för att bana väg framför 
sig genom den normala hjärnvävnaden och därefter ordna med sin 
egen kärlförsörjning för att få syre för sin fortsatta tillväxt.  
 Behandling med ZD6474 ledde till en signifikant 
hämning av tumörtillväxten i djurmodellen. Denna tillväxthämning 
blev ännu större när ZD6474 kombinerades med strålbehandling 
eller temozolomid. Vi fann också ett förändrat proteinuttrycksmönster 
i tumörvävnaden efter behandling med ZD6474. Det är viktigt att i 
framtiden på ett snabbt och effektivt sätt kunna utvärdera den 
givna behandlingen för att också snabbt kunna förändra den när 
det behövs. Kanske kan en metod vara att mäta förändringar i 
proteinuttrycksmönstret.   
 Sammanfattningsvis visar denna avhandling på ett 
samuttryck av faktorer som är viktiga för gliomtillväxt och 
blodkärlsnybildning och att behandling som riktar sig mot 
blodkärlsnybildning har hämmande effekt på tumörtillväxten, speciellt 
när den kombineras med strålbehandling och temozolomid. Slutligen 
fann vi ett förändrat proteinuttrycksmönster i tumören efter 
behandling riktad mot blodkärlsnybildning. Förhoppningsvis kan detta 
arbete bidra till fortsatt forskning som kan leda till ökad kunskap 
hur man kan kombinera och utvärdera olika behandlingar vid 
malignt gliom.

 



ABBREVIATIONS 

Abbreviations 
Abl Abelson proto-oncogene 
ALA  5-aminolevulinic acid 
Ang1 angiopoietin1 
bFGF basic fibroblast growth factor  
CDK cycline dependent kinase 
CEC  circulating endothelial cells  
CEP  circulating endothelial progenitor cells  
CHAPS 3-[(3-cholamidopropyl)dimethyl-ammonio]-1-

propanesulfonate 
c-KIT  CD117, stem cell factor receptor 
CSF-1R  colony stimulating factor-1R 
CTV  clinical target volume  
DAB  diaminobenzidine 
DIG digoxigenin 
DMEM Dulbecco´s modified Eagel´s medium 
DNA deoxyribonucleicacid  
ECM extracellular matrix 
EGF(R)  epidermal growth factor (receptor) 
EGFRvIII EGF receptor variant III 
EORTC European Organisation for Research and Treatment 

of Cancer 
flt3 fms-related tyrosine kinase 3 
FMCA  fluorometric micro culture cytotoxicity assay  
GFAP  glial fibrillary acidic protein  
GIST  gastrointestinal stromal tumour  
GTV  gross tumour volume  
Gy Gray 
HEPES 4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid 
HER  human epidermal growth factor receptor  
HIF-1α  hypoxia inducible factor-1α 
HSP90  heat shock protein 90 
IMAC  immobilised metal affinity chromatography surface 
INK4 inhibitor of cyclin-dependent kinase 4 
LOH loss of heterozygosity 
MGMT  methylguanin-DNA-methyl transferase 
MMP matrix metalloproteinase 
MRI magnetic resonance imaging 
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mTOR mammalian Target of Rapamycin 
MVD microvascular density 
mVEGFR membrane bound vascular endothelial growth factor 

receptor 
NCIC National Cancer Institute of Canada 
NRP-1, -2  neuropilin-1, -2 
NSCLC non-small cell lung cancer  
OPLS-DA  orthogonal partial least squares discriminant analysis  
PAI-1, -2 plasminogen activator inhibitor-1, -2 
PBS phosphate buffered saline 
PCA  principal component analysis 
PDGF(R) platelet derived growth factor (receptor)  
PFA paraformaldehyd 
PI3K  phosphoinositide 3-kinase  
PKC protein kinase C 
PlGF placental growth factor 
PTEN phosphatase and tensin homologue  
PTV  planning target volume  
Rb retinoblastoma 
RET  rearranged during transfection 
RNA ribonucleicacid 
RTK  receptor tyrosine kinase  
RT-PCR  reverse transcriptase-polymerase chain reaction  
SELDI-TOF-MS surface enhanced laser desorption/ionisation–time of 

flight–mass spectrometry 
SSC saline-sodium citrate buffer 
sVEGFR soluble form of vascular endothelial growth factor 

receptor 
TGF-α  transforming growth factor-α 
Tie-1, -2 tyrosine kinase with immunoglobuline- and EGF-like 

domains-1, -2 
TIMP  tissue inhibitor of metalloproteinases  
tPA tissue-type plasminogen activator 
TSP-1 thrombospondin-1 
TUNEL terminal dUTP nick-end labeling 
uPA(R) urokinase-type plasminogen activator (receptor) 
VEGF(R) vascular endothelial growth factor (receptor) 
WHO World Health Organisation

http://en.wikipedia.org/wiki/Tissue_inhibitor_of_metalloproteinases


INTRODUCTION 

Glioma –the disease 
Malignant glioma strikes directly at the brain, which means that it 
often affects perception and mobility as well as cognition and 
emotion. These functions are important and determining factors, 
building up our personality. For those closest to the patient, 
relatives and friends, personality changes are in many cases the 
symptom most stressful to cope with. The diagnosis often comes 
as a shock to families, that have no previous knowledge of this 
disease. Although the prognosis in statistical terms is poor, it is 
important to bear in mind that there has been considerable 
improvements during the last years. Even though life for these 
patients and their families will never be the same, many patients 
are able to create hope and find qualities in the short life. 
 

Epidemiology 
Primary tumours in the central nervous system represent about 3 
% of all cancer. Every year about 365 people in Sweden get the 
diagnosis highly malignant glioma. Between the years 1995 and 
2004, the mean annual incidence of malignant glioma in Sweden 
was 4,1 per 100 000 persons (www.socialstyrelsen.se). There is an 
overrepresentation for males and 2004 the male/female ratio was 
1,5. There is a peak incidence between 50 and 70 years of age 
(www.oc.umu.se) (Bergenheim et al. 2007). This is in accordance 
with other industrialised countries (Wen and Kesari 2008; Wrensch 
et al. 2002).  
 

Classification 
The current World Health Organisation (WHO) classification of 
Tumours of the Central Nervous System is mainly based on 
morphology and classifies these tumours into many different 
subgroups where the most common are astrocytomas, 
oligodendrogliomas, and mixed oligoastrocytomas. These distinctions 
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are based on light microscopic similarities between normal glial 
cells and tumour cells, as well as protein expression similarities 
using immunohistochemistry. This consensus classification is made 
by an international working group and in 2007 the fourth edition 
of WHO´s classification of tumours of the central nervous system 
was released (Louis et al. 2007). In this new edition eight new 
entities were added (marked with an asterisk in table 1). Table 1 
shows the WHO classification and grading of tumours of the 
central nervous system. The grading system is a scale of 
malignancy and consists of four grades. Astrocytomas are divided 
into four grades. Oligodendroglioma and oligoastrocytoma are 
classified into grade II and grade III. Grade III and IV are 
considered high-grade glioma. Grade II are considered low-grade 
glioma. 
 
Morphology 
Malignant gliomas are histologically heterogeneous. Anaplastic 
astrocytomas are characterised by increased cellularity, nuclear 
atypia, and mitotic activity. Glioblastoma is characterised by nuclear 
pleomorphism, dense cellularity, psudopalisading necrosis, and 
microvascular proliferation. The necrotic areas differentiate 
glioblastoma from anaplastic astrocytomas (Wen and Kesari 2008). 
Glial fibrillary acidic protein (GFAP) is an intermediate filament 
protein expressed in glial cells such as astrocytes and is used to 
determine whether a tumour is of glial origin or not. Other 
immunohistochemical markers used are vimentin and S-100. 
Oligodendrogliomas may display characteristic perinuclear halo 
patterns and a network of branching blood vessels (Wen and 
Kesari 2008). Many oligodendrogliomas have co-deletions of 
chromosomes 1p and 19q and this is now routinely examined and 
is considered a “genetic signature” of these tumours.   
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Table 1. The 2007 WHO classification of Tumours of the Central 
Nervous System. Reprinted with permission from the author (Louis 
et al. 2007). The new eight entities are marked with an asterisk. 
 
Astrrocytic tumours I II III IV  I II III IV 
Subependymal giant cell 
astrocytoma 

•    Central neurocytoma  •   
Pilocytic astrocytoma •    *Extraventricular neurocytoma  •   
Pilomyxoid astrocytoma  •   Cerebellar liponeurocytoma  •   
Diffuse astrocytoma  •   Paraganglioma of the spinal 

cord 
•    

Pleomorphic 
xanthoastrocytoma 

 •   *Papillary glioneuronal tumour •    
Anaplastic astrocytoma   •  *Rosette-forming glioneuronal 

tumour of the fourth ventricle •    
Glioblastoma    • Pineal tumours 
Giant cell glioblastoma    • Pineocytoma •    
Gliosarcoma    • Pineal parenchymal tumour 

of intermediate differentiation 
 • •  

Oligodendroglial tumours Pineoblastoma    • 
Oligodendroglioma  •   *Papillary tumour of the 

pineal region 
 • •  

Anaplastic 
oligodendroglioma 

  •  Embryonal tumours 
Oligoastrocytic tumours Medulloblastoma    • 
Oligoastrocytoma  •   CNS primitive neuroectodermal 

tumour(PNET) 
   • 

Anaplastic oligoastrocytoma   •  Atypical teratoid / rhabdoid 
tumour 

   • 
Ependymal tumours Tumours of the cranial and paraspinal nerves 
Subependymoma •    Schwannoma •    
Myxopapillary ependymoma •    Neurofibroma •    
Ependymoma  •   Perineurioma • • •  
Anaplastic ependymoma   •  Malignant peripheral  nerves 

sheath  tumour (MPNST)    
 • • • 

Choroid plexus tumours Meningeal tumours 
Choroid plexus papilloma •    Meningioma •    
*Atypical choroid plexus 
papilloma 

 •   Atypical meningioma  •   
Choroid plexus carcinoma   •  Anaplastic / malignant 

meningioma 
  •  

Other neuroepithelial tumours Haemangiopericytoma  •   
*Angiocentric glioma •    Anaplastic 

haemangiopericytoma 
  •  

Chordoid glioma of the 
third ventricle 

 •   Haemangioblastoma •    

Neuronal and mixed neuronal-glial tumours Tumours of the sellar region 
Gangliocytoma •    Craniopharyngioma •    
Ganglioglioma •    Granular cell tumour 

of the neurohypophysis •    
Anaplastic ganglioglioma   •  *Pituicytoma •    
Desmoplastic infantile 
astrocytoma and ganglioglima 

•    *Spindle cell oncocytoma of 
the adenohypophysis 

•    
Dysembryoplastic 
neuroepithelial tumour •         
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Prognosis 
The prognosis for a patient with malignant glioma varies 
considerably (Hegi et al. 2008; Ohgaki and Kleihues 2005; Stupp 
et al. 2005). Tumour type and WHO-grade are factors of 
importance as well as clinical parameters such as age and 
performance status (Krex et al. 2007). High WHO-grade (III-IV) 
generally means shorter survival than low WHO-grade (I-II). 

The size and localisation of the tumour is of 
importance for the possibility to perform optimal surgery, and this 
has impact on survival (Bergenheim et al. 2007). For patients with 
glioblastoma, the median survival from time of diagnosis is about 
three months without treatment. After treatment with surgery and 
postoperative radiotherapy, the survival increases to approximately 
one year. Following the introduction of postoperative temozolomide 
and radiotherapy the median and long-term survival have increased 
considerably. A combination of radiotherapy and temozolomide 
compared with radiotherapy alone increased the median survival 
from 12,1 to 14,6 months (Stupp et al. 2005). The latest follow-up 
data from this study shows almost a 10 % five-year survival for 
patients treated with radiotherapy in combination with temozolomide 
compared to less than 2 % when treated with radiotherapy alone 
(Mirimanoff 2008).   

Temozolomide exerts its effect by 
deoxyribonucleicacid (DNA) methylation. Resistance involves 
demethylation by the reparation enzyme methylguanin-DNA-methyl 
transferase (MGMT). Patients with a methylated (silenced) promotor 
of the gene coding for MGMT respond significantly better to 
treatment with radiotherapy and temozolomide compared to those 
with unmethylated promotor (Hegi et al. 2005; Hegi et al. 2008). 
Table 2 shows overall survival comparing groups treated with 
radiotherapy or radiotherapy/temozolomide and tumours with 
methylated or unmethylated MGMT-promotor (Mirimanoff 2008). 
MGMT methylation status is an important predictive factor for 
response to temozolomide treatment. The differences in overall 
survival between unmethylated and methylated MGMT promotors in 
the groups treated with radiotherapy in monotherapy indicates that 
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methylated MGMT also could be a predictive factor for response 
to radiotherapy and/or a prognostic factor. Assessment of MGMT 
methylation status is now in routine clinical use at many centres 
worldwide.  

Oligodendroglioma and oligoastrocytoma are 
subgroups of malignant glioma that in general are more responsive 
to therapy than pure astrocytic tumours. In a large population-
based study, median survival for oligodendroglioma was 11,6 years 
and for anaplastic oligodendroglioma 3,5 years (Ohgaki and 
Kleihues 2005). 

  
Table 2. Overall survival in glioblastoma comparing treatments and 
MGMT promotor methylation status 
 
Treatment RT RT+TMZ RT 

unmeth 
RT+TMZ 
unmeth 

RT 
meth 

RT+TMZ 
meth 

2-year 
OS (%) 

10,9 27,2 1,9 14,8 23,9 48,9 

3-year 
OS (%) 

4,4 16,4 0,0 11,1 7,8 27,7 

4-year 
OS (%) 

3,0 12,1 0,0 11,1 5,2 22,1 

5-year 
OS (%) 

1,9 9,8     

HR 0,63 
(0,53-0,75) 
p<0,0001 

HR 0,66  
(0,45-0,97) 
p=0,035 

HR 0,51 
(0,33-0,81) 
p=0,04 

OS=overall survival, RT=radiotherapy, TMZ=temozolomide, meth=methylated 
MGMT-promotor, unmeth=unmethylated MGMT-promotor  
 
 

Long-term survivors do exist. In particular, a good 
initial performance status, young age, and MGMT promotor 
hypermethylation are prognostically favourable clinical factors (Krex 
et al. 2007).  

Today advances in surgical techniques, radiotherapy 
and chemotherapy as well as development of new treatments 
slowly increases the survival of patients with glioblastoma. 
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Current treatment 
Today standard treatment of malignant glioma is based on a 
multidisciplinary decision and involves surgery, radiotherapy and 
chemotherapy.  
 
Surgery 
Malignant glioma can in most cases not be cured by surgery 
alone, due to its infiltrative nature. Despite this, surgery remains 
important in the treatment of malignant glioma. After careful 
consideration, surgery is performed with the aim to remove as 
much of the tumour as possible.  

The first reason for this is that debulking of the 
tumour has impact on survival. This is reported from the Swedish 
national quality register for brain tumours (www.oc.umu.se) 
(Bergenheim et al. 2007), and is in accordance with several non-
randomised international pro- (Albert et al. 1994) and retrospective 
studies (Lacroix et al. 2001; Mineo et al. 2007; Nomiya et al. 
2007). Second, reducing the tumour mass improves perfusion due 
to lower interstitial pressure which in turn enhances delivery of 
chemotherapy and improves oxygenation and thus hopefully 
facilitating radiotherapy. Third, surgery is necessary to obtain 
material for histopathological diagnosis. If the tumour location 
makes it impossible to perform tumour reducing surgery, it is 
almost always possible to perform a stereotactic biopsy to meet 
this demand, since the oncological non-surgical treatment is based 
on a correct histopathologic diagnosis. 

Technical advances such as modern neuroimaging 
with magnetic resonance imaging (MRI), functional magnetic 
resonance imaging, magnetic resonance spectroscopic imaging and 
neuronavigation, where imaging data is presented in the operating 
microscope, is now available at many centres and have improved 
the possibility to perform more extensive resection of malignant 
glioma. The use of intraoperative MRI has been evaluated with 
positive effects reported (Wirtz et al. 2000) but the technology is 
still limited to a few centres. Intraoperative cortical and subcortical 
electric stimulations can be used in awake patients to perform 
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sensorimotor and language mapping permitting a resection 
according to functional boundaries. 

Recent development using intraoperative fluorescent 
dyes may further improve surgical outcome. 5-aminolevulinic acid 
(ALA) is a non-fluorescent prodrug that leads to intracellular 
accumulation of fluorescent porphyrines in malignant glioma, 
possible to detect peroperatively. In a prospective randomised 
study, it was shown that fluorescense-guided surgery after intake 
of ALA, enabled more complete resections compared to 
conventional surgery, leading to improved progression-free survival 
(Stummer et al. 2006). There are case-reports where interstitial 
photodynamic therapy using 5-ALA have been used with long-
sustained response. 5-ALA is then used as a photosensitiser 
(Stummer et al. 2008).  
 
Radiotherapy 
Three to four weeks after surgery, patients with high-grade glioma 
are treated with conventionally fractionated radiotherapy. For high-
grade glioma, randomised studies have shown a significantly 
prolonged survival following postoperative radiotherapy (Kristiansen 
et al. 1981; Walker et al. 1979) and pro- and retro-spective non-
randomised studies state that radiotherapy is of benefit for this 
group of patients (Filippini et al. 2008).  

Using 3-dimensional dose-planning the gross tumour 
volume (GTV) is defined based on pre- and post operative 
computed tomography and MRI scans. It is also of importance to 
consider the decompressive effect of surgery on peritumoural 
structures. The clinical target volume (CTV) usually constitutes a 
1,5-2 cm margin around the GTV to encompass the zone of 
subclinical disease where most tumours recur. The planning target 
volume (PTV) is defined as the CTV with a method specific 
margin, to account for uncertainties in positioning. With a standard 
mask fixation this means an additional 5 mm. Treatment is given 
with 1,8-2,0 Gray (Gy) per fraction, five days a week to a total 
dose of 60 Gy over 6 weeks. A hypofractionated schedule may 
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be considered for patients with poor prognosis (Sayin et al. 2007), 
e.g. 3,4 Gy x 10 to a total dose of 34 Gy.  

In low-grade glioma, the use of radiotherapy is 
somewhat controversial (Baumert and Stupp 2008). Patients with 
several high risk factors are usually treated with radiotherapy. 
Control of symtoms after radiotherapy has been reported in 80 % 
of the cases (Kortmann et al. 2004). In an European Organisation 
for Research and Treatment of Cancer (EORTC) study, comparing 
early versus late radiotherapy an improved progression-free survival 
was shown for patients treated with immediate radiotherapy but no 
difference in overall survival could be demonstrated (Karim et al. 
2002; van den Bent et al. 2005).  

Boron neutron capture therapy (BNCT) is a 
specialised form of radiotherapy that utilises a neutron beam that 
interacts with boron. Patients are first given an infusion of 10B 
linked to a carrier. The neutrons react with the 10B nuclei, forming 
a compound nucleus (excited 11B) which disintegrates to 7Li and a 
high-energetic alpha particle. Although some studies has shown 
encouraging results (Chanana et al. 1999; Diaz et al. 2000) this 
approach has not yet been shown to be superior to conventional 
therapies (Busse et al. 2003; Henriksson et al. 2008b). 

 
  

Chemotherapy 
Chemotherapy resistance is partially responsible for the poor 
outcome of patients with high-grade glioma. First line chemotherapy 
has previously been considered controversial in malignant glioma 
and mainly used in recurrent disease. Meta-analysis has indicated 
a limited survival advantage after adjuvant chemotherapy (Stewart 
2002). The EORTC 26981/22981-National Cancer Institute of 
Canada (NCIC) CE3 study has led to a new era in glioma 
chemotherapy. In this study it was demonstrated that concomitant 
and adjuvant treatment with temozolomide and radiotherapy 
improved the survival in patients with glioblastoma (Stupp et al. 
2005). As mentioned above, a combination of radiotherapy and 
temozolomide compared with radiotherapy alone has increased 
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median survival from 12,1 to 14,6 months. The survival at 2 
years among the patients who received radiotherapy and 
temozolomide was significantly greater compared to the patients 
who received radiotherapy alone (26,5 % vs 10,4 %). The study 
regimen is now considered as a standard treatment of 
glioblastoma. According to the study protocol, patients with 
glioblastoma are now given daily temozolomide 75 mg/m2 per 
orally, concomitant with radiotherapy. Four weeks after radiotherapy 
patients are offered temozolomide in the dose 150-200 mg/m2 for 
five days every four weeks, up to six months.  

Although there are no findings from controlled 
studies that support the use of concurrent temozolomide in patients 
with anaplastic astrocytoma, these patients receive similar treatment 
in some centres. 

Oligodendroglioma and oligoastrocytoma with loss of 
heterozygosity (LOH) in chromosome 1p and 19q are particularly 
sensitive to chemotherapy with PCV (a combination of Procarbazin, 
CCNU and Vincristin), with response rates up to 100 % compared 
to patients without deletions in their tumours (Cairncross et al. 
1998). Although most studies involving patients with these tumours 
are conducted with PCV treatment, temozolomide seems to have 
similar activity and less toxicity (van den Bent 2007). However, 
studies comparing the two regimens have not yet been performed.  

In patients suffering from low-grade glioma 
(astrocytoma II, oligodendroglioma II, and oligoastrocytoma II) the 
value of early chemotherapy is not yet proven (Lesser 2001; 
Shaw and Wisoff 2003). Chemotherapy is generally used in the 
setting of inoperable recurrent disease after radiotherapy in these 
groups of patients. However, patients at high-risk may receive 
adjuvant chemotherapy after an individual risk judgement. Risk 
factors are histological subtype, age, size of tumour, clinical 
performance status, and contrast enhancement on CT or MRI. 
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Glioma Biology 
 
Etiology and cytogenetic changes 
There is not any known single factor that causes malignant 
glioma. Like most other cancers, the etiology is most certain 
multifactorial. Among environmental factors, ionising radiation has 
been suggested as an associated factor (Lin et al. 1985). 
Approximately 5 % of patients with malignant glioma have a family 
history of glioma (Malmer et al. 1999). Some of these are 
associated with uncommon hereditary syndromes like Li Fraumeni, 
Turcots syndrome, Neurofibromatosis and von Hippel Lindau 
syndrome. However, most of the familial cases have no identified 
genetic cause. Associations with defective DNA-repair according to 
polymorphisms and haplotypes in p53 and glioblastoma have been 
suggested (Malmer et al. 2007b). Polymorphisms associated with 
asthma have been shown inversely related to glioblastoma 
(Schwartzbaum et al. 2005). An international consortium, 
GLIOGENE, has recently been established with purpose to study 
the genetic basis of familial glioma (Malmer et al. 2007a). 

In a large population-based study from Switzerland 
(Ohgaki and Kleihues 2005), mutations in TP53 was most frequent 
in gemistocytic astrocytomas. TP53 is a tumour suppressor gene 
involved in regulation of apoptosis, cell cycle progression and DNA 
repair. LOH in 1p and 19q is most frequent in tumours with 
oligodendroglial components. This mutation has now been shown to 
harbour prognostic as well as predictive information (Cairncross 
2004; Jeon et al. 2007). Between 60 to 90 % of patients with 
anaplastic oligodendroglioma and 14 to 20 % of patients with 
anaplastic oligoastrocytoma have deletions in chromosome 1p 
and/or 19q. In glioblastoma, the most frequent genetic alteration is 
LOH 10q which is a negative prognostic marker. Other alterations 
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in glioblastoma are epidermal growth factor receptor (EGFR) 
amplification, TP53 mutations, deletion of the inhibitor of cyclin-
dependent kinase 4 in p16 (p16INK4a) and deletion of the 
phosphatase and tensin homologue (PTEN) on chromosome 10. 
PTEN acts as a tumour suppressor gene (Ohgaki and Kleihues 
2005).  

 The prognostic value of EGFR amplification is 
unclear. In earlier studies, amplification was associated with poorer 
survival (Hurtt et al. 1992; Torp et al. 1992) but in a meta-
analysis of seven studies, amplification did not reveal a significant 
prognostic value (Huncharek and Kupelnick 2000). p16INK4a binds to 
cyclin-dependent kinase 4 (CDK4) and inhibits the CDK4/cyclin D1 
complex and this complex phosphorylates the retinoblastoma 1 
(RB1) protein, thereby inducing release of the E2F transcription 
factor that activates genes involved in the late G1 and S phases.  

It is not clearly established how and from which 
cells malignant glioma arises. Glioblastoma is generally believed to 
arise by two different pathways (figure 1) (Furnari et al. 2007). 
Primary glioblastoma is supposed to arise de novo, often in 
patients aged over 45. This is probably the most common form. 
They are characterised by EGFR amplification and mutations, LOH 
10q, deletion of PTEN and p16. Secondary or progressive 
glioblastoma is supposed to progress from a lower grade. This 
variant is more common in younger patients, aged under 45. 
These tumours are characterised by mutations in the p53 tumour 
suppressor gene, overexpression of platelet derived growth factor 
receptor (PDGFR), abnormalities in the p16 and Rb pathways, and 
LOH 10q.  

In 2003, the first reports suggesting that cells with 
stem cell properties may be present in glioblastoma were 
published (Singh et al. 2003). These cells may constitute a 
primitive population responsible for populating and repopulating the 
tumours as they develop and progress (Galli et al. 2004). Such 
tumour stem cells may be transformed variants of normal adult 
neural progenitor cells or arise from transformation of mature glial 
cells (Furnari et al. 2007). The concept of tumour stem cells may 
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provide new insight into glioma biology. However, recent reports 
have questioned the presence of tumour stem cells (Beier et al. 
2007; Kelly et al. 2007). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1. Chromosomal and genetic aberrations involved in the 
genesis of glioblastoma. Shown are the relationships between 
survival, pathobiology, and the molecular lesions that lead to the 
formation of primary (de novo) and secondary (progressive) 
glioblastomas. Reprinted with permission from Cold Spring Harbor 
Laboratory Press (Furnari et al. 2007). Copyright © 2007. All 
rights reserved. 
 
Growth factors 
Receptor mediated signalling is of vital importance for the 
integration of external stimuli upon ligand binding. Various growth 
factors and their corresponding receptors are important for cell 
proliferation and tumour growth. Today a large number of growth 
factors, receptor tyrosine kinases (RTK) and signal pathways have 
been described (figure 3, page 31). In glioma, epidermal growth 
factor (EGF), platelet derived growth factor (PDGF) and vascular 
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endothelial growth factor (VEGF) seem to be of specific 
importance. 
 
Epidermal growth factor 
EGF is a growth factor playing an important role in the regulation 
of cell growth, proliferation of tumour cells and differentiation. The 
human epidermal growth factor receptor (HER) family consists of 
four related RTK´s: EGFR (ErbB-1 or HER1), HER2/c-neu (ErbB-2), 
HER3 (ErbB-3) and HER4 (ErbB-4). EGFR is activated by binding 
of its specific ligands including EGF and transforming growth 
factor-α (TGF-α). Upon activation by its ligands, EGFR dimerises 
and this leads to phosphorylation of tyrosine residues in it´s 
intracellular kinase domain (Yarden 2001). The tyrosine kinase 
activity initiates signal transduction that leads to DNA synthesis 
and cell proliferation (Carpenter and Cohen 1990). In glioblastoma, 
amplification of the ErbB-1 gene, leading to overexpression of 
EGFR has been observed in about 40-50 % of human 
glioblastoma (Dunn et al. 2000). EGF receptor variant III 
(EGFRvIII), a truncated form constitutively activated, is frequently 
found in glioblastoma (Feldkamp et al. 1999) and have been 
demonstrated to provide a growth advantage. 
 
Platelet derived growth factor 
The PDGF family consists of four ligands forming either homo- or 
heterodimers (PDGF-A, -B, -C and –D) (Heldin 1992). They are 
inactive in their monomeric forms and bind to the RTK´s PDGF-α 
and –β. All four ligands are expressed in malignant glioma (Nister 
et al. 1988). Binding of PDGF ligands induces phosphorylation of 
PDGFR´s, which leads to activation of downstream pathways and 
stimulation of proliferation, cellular migration and angiogenesis 
(Board and Jayson 2005).  
 
Tumour Neovascularisation 
Tumours are dependent on vascular supply for oxygen and 
nutrients. Brain tumour cells may acquire access to blood supply 
through different mechanisms. Initially, tumours may utilise existing 
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vasculature by co-option, tumour growth along pre-existing vessels 
(Leenders et al. 2002). During tumour progression, the formation of 
new blood vessels becomes important. There are several different 
mechanisms by which new blood vessels are formed. Angiogenesis 
is the formation of new blood vessels from pre-existing ones and 
is the most prominent mechanism by which new vessels are 
formed in a clinically detectable growing glioma (Carmeliet and 
Jain 2000), why this process is described in detail below. Tumour 
vessels can also be formed by intussusception, the remodelling of 
pre-existing tumour vessels by invagination of endothelial cells 
(Leenders et al. 2002) and vasculogenesis, formation of new 
vessels de novo by recruitment of circulating endothelial precursor 
cells (Asahara et al. 1997; Santarelli et al. 2006). 
 
Tumour angiogenesis 
Tumour growth is a process involving many different steps, often 
initiated by loss of control of cell proliferation. Cells start to divide 
resulting in a small tumour. The cells closest to an existing 
vessel still divide, while cells further away are dying. Finally the 
tumour stops growing, reaching a steady state where the number 
of cells is the same. During tumour progression beyond 1-3 mm3 
the formation of new blood vessels becomes important. This was 
described by Folkman in 1971, where the hypothesis of an 
angiogenic switch was formulated (Folkman 1971; Folkman 1992; 
Folkman 1995). The angiogenic switch was hypothesised to be the 
net balance of positive and negative angiogenic factors. Hypoxia is 
one of the strongest inducers for angiogenesis and induces VEGF 
expression rapidly via hypoxia-inducible factor-1α (HIF-1α), to meet 
the demand for new vessels. Hypoglycemia is another strong 
stimulus for induction of VEGF (Machein and Plate 2000). There 
are also several oncogenes that induce upregulation of angiogenic 
factors (Mazure et al. 1996). Tumour angiogenesis is a multistep 
cellular process involving the following steps:  
 

1. Degradation of the basement membrane and surrounding 
extracellular matrix. This is an early step involving the 
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plasminogen activator system and the matrix 
metalloproteinases (MMP´s).  

2. Endothelial cell migration and proliferation. Vascular 
endothelial cells start to migrate and proliferate into the 
surrounding tissue. These two processes are regulated by 
endogenous angiogenesis inducers and inhibitors.  

3. Cell-cell and cell-matrix interactions. These interactions are 
mediated by cell adhesion molecules and are required for 
lumen formation. These molecules can be classified into 
four families; selectines, the immunoglobulin supergene 
family, the cadherins and the integrines. 

4. Capillary formation and maturation of vessels. Now a 
capillary sprout is formed. Further stabilisation of the new 
capillaries requires recruitment of pericytes and smooth 
muscle cells. 

 
 
Endogenous inducers of angiogenesis  
The most prominent angiogenic factors are VEGF, fibroblast growth 
factor (FGF), and the angiopoietins.  
 
Vascular Endothelial Growth Factor 
VEGF belongs to the VEGF-family which consists of six members: 
VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E and placental growth 
factor (PlGF) (Veikkola and Alitalo 1999). VEGF-A is the first 
described and perhaps most important and is therefore often 
referred to as VEGF. Alternative splicing of the VEGF gene 
results in at least 6 isoforms named after the number of 
aminoacids in the protein (Ferrara 1999). VEGF121, VEGF145, and 
VEGF165 are found in the circulation while the heavier isoforms 
VEGF183, VEGF189, and VEGF209 are heparin binding and attached 
to the extracellular matrix (ECM).  

VEGF stimulates ECM degradation by induction of 
urokinase-type plasminogen activator (uPA), plasminogen activator 
inhibitor-1 (PAI-1), urokinase-type plasminogen activator receptor 
(uPAR), and MMP-1 expression (Pepper et al. 1991), proliferation, 
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migration, and tube formation of endothelial cells (Koch et al. 
1994).  

VEGF acts via specific vascular endothelial growth 
factor receptors (VEGFR) on the surface of endothelial cells, 
VEGFR-1 and VEGFR-2. VEGFR-3 does not bind VEGF but 
VEGF-C and VEGF-D, and is found on lymphatic endothelial cells 
(Veikkola and Alitalo 1999).  

The neuropilins (NRP-1, -2), originally described as 
important negative regulators of axonal guidance have also been 
identified as VEGF receptors. NRP-1 was originally reported as an 
isoform specific VEGF165 receptor. When co-expressed in cells with 
VEGFR-2, NRP-1 enhances the binding of VEGF165 to VEGFR-2 
and VEGF mediated chemotaxis (Soker et al. 1998). It is 
proposed that NRP-1 is a novel VEGF receptor that modulates 
VEGF binding to VEGFR-2 and therefore may regulate VEGF-
induced angiogenesis (Kawamura et al. 2008a). It now appears 
that NRP-1 and -2 may bind other members of the VEGF family 
(Pellet-Many et al. 2008). See figure 2. 
 
 
Fibroblast Growth Factor 
The FGF family consists of at least 22 heparin binding proteins 
(Ornitz and Itoh 2001). FGF1 is also known as acidic fibroblast 
growth factor (aFGF), and FGF2 as basic fibroblast growth factor 
(bFGF). One of the most important functions of FGF1 and FGF2 
is promotion of endothelial cell proliferation and the organisation of 
endothelial cells into tube-like structures. Recently FGF5 is found 
to be over expressed together with its receptor FGFR1 IIIc in 
human glioblastoma, and that interference with those factors inhibits 
glioma cell proliferation and migration (Allerstorfer et al. 2008).   
 
Angiopoietins 
Today there are four identified angiopoietins (ang): Ang1, Ang2, 
Ang3 and Ang4. Ang1 and Ang2 are required for the formation of 
mature blood vessels (Thurston 2003). The angiopoietins bind to 
the cell surface receptor tyrosine kinase with immunoglobuline- and 
EGF-like domains-2 (Tie-2), and they have opposing effects upon 
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receptor activation and signalling (Eklund and Olsen 2006). It is 
now clear that both Ang1 and Ang2 bind to Tie-2 but not to 
tyrosine kinase with immunoglobuline- and EGF-like domains-1 (Tie-
1). A ligand for Tie-1 has still not been reported. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. The family of VEGF molecules and receptors. Reprinted 
from Kerbel 2008, with permission from New England Journal of 
Medicine (Kerbel 2008). Copyright © 2008 Massachusetts Medical 
Society. All rights reserved. 
 
 
Endogenous inhibitors of angiogenesis  
 
Thrombospondin-1 
Thrombospondin-1 (TSP-1) is considered to be the main 
physiological inhibitor of angiogenesis. It inhibits the proliferation 
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and migration of endothelial cells by interactions with CD36 
expressed on their surfaces. Binding of TSP-1 to CD36 leads to 
expression of FAS ligand which activates the expression of Fas 
and this in turn leads to activation of caspases and apoptosis of 
the cell. TSP-1 has multiple receptors, among which CD36, CD47, 
and integrins are of particular interest. During tumourigenesis, the 
expression of TSP-1 seems to be inversely correlated with 
angiogenesis. TSP-1 is under regulation of p53 (Grossfeld et al. 
1997), and mutation of TP53 results in the loss of TSP-1 
production and a switch to the angiogenic phenotype (Dameron et 
al. 1994; Iruela-Arispe and Dvorak 1997). 
 
Protein fragments 
Angiostatin and endostatin are protein fragments where angiostatin 
is a fragment of plasminogen and endostatin a fragment of 
collagen XVIII (O'Reilly et al. 1997; O'Reilly et al. 1994). They 
are potent inhibitors of angiogenesis and tumour growth in vivo 
(Kirsch et al. 1998). Several other fragment inhibitors are also 
described (Nyberg et al. 2005). 
 
Soluble form of VEGFR-1 (sVEGFR-1) 
VEGFR-1 exists in two isoforms, the membrane bound VEGFR-1 
(mVEGFR-1) and a soluble form (sVEGFR-1). mVEGFR-1 is the 
sole receptor for VEGF-B and PlGF, but also for VEGF. sVEGFR-
1 binds VEGF and thereby prevents VEGF from binding to 
VEGFR-2 (Lacal et al. 2008). 
 
Inhibitory VEGF isoforms 
VEGF-A165b is a splice variant of VEGF-A and has been 
implicated in negative regulation of angiogenesis (Bates et al. 
2002). VEGF-A165b bind to VEGFR-2 with the same affinity as 
VEGF-A165 but lacks angiogenic properities. Data now indicates 
that this is due to weak phosphorylation of VEGFR-2 and loss of 
VEGFR-2/NRP-1 complex formation (Kawamura et al. 2008b).  
  
Beyond these above mentioned inducers and inhibitors of 
angiogenesis there are several others, working in concert for 
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keeping angiogenesis under strict control under normal conditions 
(Folkman 1995; Kerbel 2008; Liekens et al. 2001). During 
pathological angiogenesis, an imbalance in these systems are 
responsible for the chaotic leaky vessels seen in tumours and 
other diseases related with angiogenesis.  
 
Migration  
One of the greatest challenges in treating glioma is how to inhibit 
the migration of tumour cells. This ability to migrate beyond 
natural barriers confounds therapeutic attempts for local control. 
Invasiveness is often apparent in low-grade as well as in high-
grade tumours, implying that the invasive phenotype is acquired 
early in tumourigenesis. It is also this infiltrative capacity that 
makes it possible for the tumour to grow almost systemically in 
the brain before it gives any symtoms, and therefore the patient 
comes to hospital in a late stage of the disease. The extensive 
infiltration of glioma cells into the surrounding brain is believed to 
rely on the proteolysis of ECM components (VanMeter et al. 
2001). 
 
The Plasminogen Activator System 
Migration of tumour cells is dependent of degradation of ECM. 
One of the systems activated in this process is the plasminogen 
activator system. In normal homeostasis, the plasminogen activator 
system is of importance for wound healing, fibrinolysis, and during 
embryogenesis, and angiogenesis. The system consists of two 
plasminogen activators, tissue-type plasminogen activator (tPA) and 
urokinase-type plasminogen activator (uPA). These are serine 
proteases and they convert plasminogen into plasmin which in turn 
degrades ECM that consists of fibrin, fibronectin, laminin and 
proteoglycanes. The fibrinolytic activity in blood is mainly regulated 
by tPA whereas the activation in tissue is regulated by uPA. PAI-
1 and PAI-2 are inhibiting the activation of plasminogen to 
plasmin.  

In cancer, the plasminogen activator system is 
important in invasion and metastasis as well as in angiogenesis. 
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tPA and uPA are produced by the tumour cells and initiate a 
cascade of events leading to degradation of ECM. Several 
malignant tumours, including human malignant glioma, have been 
shown to produce uPA (Gladson et al. 1995; Hsu et al. 1995) 
and tPA (Goh et al. 2005; Salmaggi et al. 2006). Earlier studies 
indicate that tPA is inversely correlated with dedifferentiation and 
invasiveness of human brain tumours (Sawaya et al. 1991). 
However, in more recent studies a higher content of tPA was 
found in glioblastomas compared to meningeomas (Goh et al. 
2005). PAI-I is of importance for regulation of the plasminogen 
activator system but its role in cancer is somewhat unclear. It has 
been shown to be an independent negative prognostic marker in 
different cancers and in human glioma cell lines, PAI-1 seems to 
upregulate the expression of VEGF (Hjortland et al. 2004). Today 
uPA and PAI-1 have prognostic implications for breast cancer and 
the presence of these factors in the tumour implicates a worse 
outcome (Annecke et al. 2008; Linderholm et al. 2008).   
 
The Matrix Metallo Proteinase-system  
The MMP system is important in the degradation and remodelling 
of ECM. MMP´s are also thought to play a major role on cell 
proliferation, migration, differentiation, angiogenesis, apoptosis and 
host defence. The MMP´s are zinc-dependent endopeptidases and 
belong to a larger family of proteases known as the metzincin 
superfamily. Until today, 23 members of the MMP-family are known 
(Imai and Okada 2008). The MMP´s are inhibited by specific 
endogenous tissue inhibitor of metalloproteinases (TIMP´s), which 
comprise a family of four protease inhibitors: TIMP-1, TIMP-2, 
TIMP-3 and TIMP-4. An imbalance between TIMP and MMP 
activity leeding to excess degradation of ECM has been shown to 
be associated with a number of pahological conditions, including 
tumour growth and metastases (Hojilla et al. 2003).   

There is a co-operation between the plasmin-
plasminogen system and the MMP system since plasmin may 
activate MMP´s such as MMP-1, MMP-3 and MMP-9. MMP-9, 
together with uPA and uPAR increases significantly during 
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progression of malignant glioma (Gondi et al. 2004). Recently uPA 
was shown to directly activate MMP-9 and this is suggested to 
promote glioma invasion (Zhao et al. 2008).  
 
Integrins 
The integrins are a large family of cell adhesion receptors. They 
are transmembrane proteins which mediate cell-cell and cell-
extracelullar matrix interactions and have been shown to be 
important for glioma cell migration (Uhm et al. 1999). Interaction 
between integrins and their ECM ligands leads to intracellular 
signalling affecting cell migration, proliferation, and angiogenesis. 
The integrins may form at least 25 dimers by combining 19 α-
subunits with 8 β-subunits, each of them being specific for a 
unique set of ECM ligands (Farber et al. 2008; Samandari et al. 
2006). Fibronectin, laminin, and collagen are ligands for integrins 
and also substrates for glioma migration. 
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Targeted therapy 
Since the VEGF signalling pathway is the cornerstone in 
angiogenesis, most therapies towards angiogenesis target VEGF or 
VEGFR. Bevacizumab (Avastin®) is a humanised anti-VEGF165 
monoclonal antibody. It was first approved for use in metastatic 
colon cancer in combination with irinotecan (Campto®) in 2004 
(Hurwitz et al. 2004). Today bevacizumab has approval for 
treatment of coloncancer and non-small cell lung cancer (NSCLC), 
in combination with chemotherapy and for renal carcinoma in 
combination with interpheron-2α. In malignant glioma, promising 
results from a phase II study with bevacizumab in combination 
with irinotecan was reported in patients with recurrent high grade 
glioma (Vredenburgh et al. 2007). Following this report a 
widespread use of this regiment is observed (Henriksson et al. 
2008a). Others have then published similar results in combination 
with irinotecan (Ali et al. 2008) or temozolomide (Narayana et al. 
2008). In a randomised phase II trial with bevacizumab with or 
without irinotecan in patients with recurrent glioblastoma after their 
first or second relaps the response rates were 28-38 % and the 
6-month progression-free survival rates were 43-50 %, with a 
median survival of about 9 months (Cloughesy et al. 2008). 
Bevacizumab is now entering the first line setting in combination 
with temozolomide in phase II studies. Although the reported 
response rates are encouraging, a limited numbers of patients 
have been treated so far and there is a need for randomised 
studies before this treatment can be fully adopted in recurrent 
glioma (Henriksson et al. 2008a).  

VEGF-trap (aflibercept) is a soluble VEGF receptor 
binding VEGF-A, -B, and PlGF and has been shown to be 
effective in both initial and advanced phase of tumour development 
in a preclinical tumour model (Gomez-Manzano et al. 2008). Initial 
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results in patients with recurrent glioma have shown radiographic 
response rates comparable to those reported in the bevacizumab 
trials (De Groot et al. 2008 ). This substance is now in phase II 
trial in recurrent glioma that is not responding to temozolomide.  

Cediranib (AZD2171, Recentin™) is a RTK inhibitor 
of VEGFR 1-3, PDGFR and c-KIT. It is currently in phase III 
clinical study in recurrent glioblastoma where patients are 
randomised between treatment with cediranib alone, cediranib in 
combination with lomustine (an alkylating agent) or lomustine with 
placebo. By using MRI, it is also shown that cediranib normalises 
tumour vessels in glioblastoma and alleviates edema (Batchelor et 
al. 2007). Other VEGFR inhibitors that may be active against 
malignant glioma include the VEGFR/PDGFR inhibitors vatalanib 
(PTK 787), pazopanib (GW 786034), sorafenib, and sunitinib; the 
VEGFR/EGFR inhibitor vandetanib (ZD6474); the adnectin-based CT 
322; and the VEGFR/c-Met kinase inhibitor XL 184 (Norden et al. 
2008). Some of these and some other therapies targeted towards 
tumour angiogenesis are further discussed below under “Results 
and discussion”. 

EGFR is one of the most widely expressed growth 
factor tyrosine kinase receptors in human cancer and several 
tyrosine kinase inhibitors of EGFR have been developed (Castillo 
et al. 2004). Erlotinib (Tarceva®) is approved for use in advanced 
lung cancer. In malignant glioma gefitinib (ZD1839, Iressa™) (Rich 
et al. 2004) and erlotinib (Prados et al. 2006; van den Bent et 
al. 2007) have been investigated in recurrent desease with limited 
activity. An alternative approach is by a vaccination strategy 
against the constitutively activated EGFRvIII (Sampson et al. 2008). 
CDX-110™ is a peptide-based vaccine that targets the tumour 
specific mutated segment of EGFRvIII (Heimberger et al. 2006), it 
is currently in phase II/III randomised studies with radiation and 
temozolomide. 

Therapies directed towards the PDGFR pathway 
include many different putative targets (Grossman et al. 2001; Kilic 
et al. 2000; Vassbotn et al. 1994). Imatinib (Glivec®) is a tyrosine 
kinase inhibitor specific for Abelson (Abl) kinase, c-KIT and PDGF-
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R used in chronic myelogenous leukemia and gastrointestinal 
stromal tumour (GIST). Several studies in patients with recurrent 
malignant glioma have been performed with limited antitumour 
activity (Dresemann 2003; Raymond et al. 2008; Wen 2002). 
PDGFR antagonists might target the pericytes to preferentially block 
angiogenesis in established tumours (Bergers et al. 2003; Sennino 
et al. 2007).  
 
Today a huge amount of signalling pathways and potential targets 
in malignant glioma are described. Many clinical studies are on-
going. For summary of potential targets see figure 3 (Wen and 
Kesari 2008). 
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Figure 3. Major signalling pathways in malignant gliomas and the 
corresponding targeted agents in development for glioblastoma. 
Reprinted from Wen and Kesari 2008, with permission from New 
England Journal of Medicine (Wen and Kesari 2008). Copyright © 
2008 Massachusetts Medical Society. All rights reserved. 



AIMS OF THE PRESENT STUDY 

Aims of the present study 
 
 
 
 

 
I. To investigate factors of importance for glioma 

cell migration and neovasularisation.  
 

II. To inhibit experimental glioma growth by 
angiogenesis inhibition. 

 
III. To investigate the effects of anti-angiogenesis 

treatment in combination with radiotherapy and 
temozolomide. 

 
IV. To investigate if an altered protein expression 

profile is to be detected in the tumour after 
anti-angiogenesis treatment.
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Materials and methods 
 
The BT4C rat glioma model 
The BT4C rat glioma model was used for all in vivo experiments 
in this thesis. (Bergenheim et al. 1994). The BT4C model is a 
transplacental nitrosurea induced tumour originally characterised as 
a gliosarcoma (Laerum et al. 1977). It is orthotopic and syngenic. 
Cells in culture growing in log phase were suspended in 
Dulbecco´s modification of Eagel´s medium (DMEM), supplied with 
5 % BDIX rat serum, to a concentration of 20,000 cells in 5μl. 
BT4C rat glioma cells were stereotactically implanted into the right 
caudate nucleus of anesthetised BDIX rats using a 22G 
microsyringe (Unimetrics, Shorewood, IL, USA) fitted to the 
micromanipulator of a stereotactic frame. Animals were housed in 
a controlled environment with 12 h light/dark cycles and provided 
with food and water ad libitum. They were supervised by an 
experienced animal keeper who continuously evaluated their general 
condition. All experiments were approved by the local ethics 
committee. 
  
Reverse transcriptase-polymerase chain reaction (RT-PCR) 
RT-PCR was performed on 1 g total ribonucleicacid (RNA) from 
BT4C tumours using 1 st Strand cDNA Synthesis kit (Boehringer 
Mannheim, Germany) and reverse primers for rat-tPA and rat-VEGF 
respectively (table 2). cDNA synthesis was followed by a standard 
PCR protocol. Forward and reverse primers designed to amplify 
tPA and VEGF cDNA respectively (table 2) were used for the 
RT-PCR reactions. Isoform specific primers was used to detect 
specific VEGF isoforms expressed by the BT4C tumor cells. 
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Table 2. Primers used for RT-PCR of tPA and VEGF respectively. 
 
Primer DNA sequence 
tPA-F 5’-AAA GCT GAC ATG GGA ATA TTG-3’ 
tPA-R 5’-ATG TTG TCT TGG ATC CAG TTC-3’ 
VEGF-F 5’-GTG CAC TGG ACC CTG GCT TTA C-3’ 
VEGF-R 5’-AGT GAT TTT CTG GCT TTG TTC TAT-3’ 
(F)=forward (R)=reverse 
 
Real time RT-PCR 
For quantitative real time RT-PCR RNA samples were run in 
triplicates using 20 ng total RNA from normal rat brain tissue, the 
BT4C-cell line and from the rat brain tumour tissue. TaqMan gene 
expression assays from Applied Biosystems were used. For 
VEGFR2 we used assay Rn01413291_g1, the amplicon was 137 
bp long and spanned the boundary between exons 20 and 21 of 
the rat Kdr gene. For EGFR we used assay Rn01434459_m1, the 
amplicon was 82 bp long and spanned the boundary between 
exons 23 and 24 of the rat EGFR gene. The expression levels 
of 18S rRNA were used as controls. 
 
In situ hybridisation 
In situ hybridisation was performed using digoxigenin (DIG) labeled 
RNA-probes obtained using a DIG-RNA kit and T7 RNA 
polymerase. The anti rat-tPA probe was made from a plasmid 
carrying a 412 basepair fragment (+295-707) of the rat-tPA cDNA. 
The orientation of the fragment was controlled by DNA sequencing. 
For uPA, a plasmid carrying a 575 basepair fragment (+336-911) 
of rat-uPA cDNA was used. The anti rat-VEGF probe was made 
using a 404 basepair fragment (+22-426) of rat-VEGF cDNA. The 
orientation of both the uPA and the VEGF fragments were 
confirmed by restriction site analysis. The anti rat-PAI-1 probe was 
obtained by cleavage of a plasmid carrying a 3070 base pair rat-
PAI-1 cDNA with Hind III, followed by DIG RNA labeling with T7 
RNA polymerase.  
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DIG-label in situ hybridisation: Slides were deparaffinated and fixed 
in cold 4 % paraformaldehyd/77 mM Na2HPO4, 23 mM NaH2PO4, 
0.15 M NaCl (PBS). To denature proteins, slides were treated with 
0.2 M HCl. Slides were acetylated for 10 min in 1.33 % v/v 
triethanolamine, 0.175 % v/v HCl, 0.25 % v/v acetic anhydride, to 
reduce background. Prehybridisation was performed in a solution of 
50 % formamide, 5 x saline-sodium citrate buffer (SSC), 5 x 
Denhardt´s solution, 250 g/ml Bakers yeast tRNA and 500 g/ml 
Salmon sperm DNA for 20 min at 68 - 70C in a chamber 
humidified with 50 % formamide and 5 x SSC. Hybridisation was 
performed using DIG-labeled probes (50-200 ng/100 l in 
prehybridisation solution), and 10 % dextransulfate at 70C 
overnight in a humidified chamber. Incubation with anti DIG 
alkaline phosphatase antibody, diluted 1:5000 in 1 % fetal calf 
serum/B1 was performed overnight in 4C. Sections were examined 
and photographed using a microscope fitted with a Progress 3000 
digital camera (Kontron Elektronik GmbH, Eching bei München, 
Germany). 
 
Casein in situ zymography 
Zymography used to detect PA activity on cryostat sections was 
performed according to Sappino et al (Sappino et al. 1991). The 
overlay mixture, containing casein and plasminogen, was kept at 
50C before use, and 100 l were applied and spread evenly 
onto warm 10 m cryostat section, mounted on SuperFrost / Plus 
microscope slides, then covered by 24 mm x 24 mm glass 
coverslips. Slides were incubated in a humidity chamber at 25C 
until lysis zones appeared. Control experiments were carried out in 
the absence of plasminogen to determine the requirement of 
plasminogen for lysis. Photographs were obtained using darkfield 
illumination.  
 
ZD6474 
ZD6474 (figure 4) was kindly provided by AstraZeneca, Alderley 
Park, UK and dissolved according to manufacturer’s instructions in 
1 % Tween-80 (Merck-Schuchardt, Hohenbrunn, Germany) to a 
concentration of 10 mg/ml. To obtain a uniform suspension, an 
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equal volume of glass beads were added to the mixture and the 
suspension was then milled over night at room temperature.  

In paper III, 21 animals were randomised into three 
groups with seven animals in each group. The control group 
received 1 ml vehicle (1% Tween-80) and the other groups were 
treated with ZD6474 50 and 100 mg/kg respectively. Total 
treatment time was 13 and 12 days respectively. Due to poor 
tolerability, treatment time was shortened with one day in the 
group treated with the higher dose.  

In paper IV, two different experiments were 
performed. In each experiment 28 animals were randomised into 
four groups with seven animals in each group. The control groups 
received no treatment, a second group in each experiment was 
treated with ZD6474 30 mg/kg. Groups treated with combination 
therapy, received ZD6474 30 mg/kg in combination with 
radiotherapy and temozolomide respectively. Total treatment time 
was 14 days.  

In paper V, 23 animals were used. They were 
divided into three groups with different duration of treatment. The 
first two groups each consisted of four rats that received 
treatment, daily dosages of 50 mg/kg ZD6474, and three untreated 
control animals. Treatment for both these groups started on day 6 
after implantation and lasted for 6 and 14 days for group one 
and two respectively, hence all animals in group one were 
sacrificed on day 12 after implantation and all animals in group 
two on day 19 after implantation. All 9 animals in the third group 
were treated with a single dose of 50 mg/kg ZD6474 on day 19 
after implantation. They were then sacrificed in groups of three; 2, 
8, and 24 hours after treatment. For details see paper III, IV, 
and V. 

ZD6474 and vehicle was given as a daily oral 
gavage with animal feeding needles with silicon tip, starting day 6 
after tumour implantation. Animals were weighed twice a week and 
killed by decapitation, before they showed neurological symtoms.  
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Figure 4. Chemical structure of ZD6474. Reprinted from Wedge et 
al, 2002. With permission from Cancer Research (Wedge et al. 
2002). Copyright ©2002 American Association for Cancer Research. 
 
 
Cell culture and Fluourometric Microculture Cytotoxicity Assay 
The nitrosourea induced rat glioma cell line BT4C, kindly provided 
by professor R Bjerkvig (Bergen University, Norway), and the 
immortalised rat brain endothelial cell line RBE4 (Regina et al. 
1998), kindly provided by Dr. P.O. Couraud (Neurotech SA, Evry, 
France), were used for in vitro experiments. BT4C cells were 
grown in cultures as monolayer in DMEM (Gibco, Paisley, 
Scotland), supplemented with 5 % fetal calf serum. RBE4 cells 
were grown on calf-skin collagen-coated (Sigma, Stockholm, 
Sweden) surfaces and maintained in Ham´s F10 (Gibco, Paisley, 
Scotland) supplemented with 5 % fetal calf serum. For the 
fluorometric microculture cytotoxicity assays (FMCA), BT4C cells 
were harvested and 500 cells/well were plated in micro titer plates 
in a volume of 100 μL. RBE4 cells were harvested and 1000 
cells/well were plated in a volume of 100 μL. Cells were cultured 
until cell growth was exponential before ZD6474 (0-15 μM) was 
added to the media. Plates were incubated at 37°C for 6 days, 
media was changed after 3 days. To quantify the cytotoxic effects 
of ZD6474, FMCA was performed according to Larsson et al 
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(Larsson et al. 1992). Cells were washed with PBS and thereafter 
100 μL of PBS containing 10 mg/L fluoroscein diacetate was 
added to each well and plates were incubated in 37°C for 50 
min, followed by fluorescence determination using 485 and 538 nm 
for excitation and emission, respectively.  
 
Radiotherapy  
In paper IV, radiotherapy was given as a single dose of 12 Gy 
on day 6 after tumour implantation. One group of animals 
received only radiotherapy and one group were treated with 
radiotherapy on day 6 and then started on ZD6474 30 mg/kg the 
same day and treated for 14 days. Irradiation was performed on 
conscious rats, temporarily immobilised in prone position in a net 
restrainer. Radiotherapy was given as whole brain irradiation on a 
vertical field (gantry 0°) using a 4 MV linear accelerator (Varian 
Clinac 600C). The source-skin distance was 55 cm with a dose 
rate of 4.5 Gy/min. Bolus material equivalent to 1 cm of water 
was used to acquire full dose within the target.  
  
Temozolomide 
Temozolomide is an alkylating agent which exert its effect by DNA 
methylation. Temozolomide was kindly provided by Schering-Plough 
AB, Stockholm, Sweden. The content of a 250 mg capsule was 
dissolved in sterile water to a concentration of 25 mg/ml, and 
then sonicated with ultra-sound for ten minutes. In paper IV, two 
groups of animals were treated with temozolomide in the dose 
100 mg/kg for 3 days, –day 9, 12, and 15 after tumour 
implantation. One group received temozolomide in monotherapy and 
the combination group were treated with temozolomide in the same 
dose and schedule and started with ZD6474 30 mg/kg on day 6. 
For details see paper IV. 
 
Tissue sampling 
In paper I and II, animals were rinsed from blood with 150 mM 
NaCl and perfusion fixed in 4 % paraformaldehyde/77 mM 
Na2HPO4, 23 mM NaH2PO4 (PFA). The brains were dissected and 
further fixed in PFA at 4°C for 12 hours, followed by 
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cryoprotection in 30 % sucrose/77 mM Na2HPO4, 23 mM NaH2PO4 
for 24-48 hours. Thereafter, brains were immediately frozen in 
Tissue Tek (Miles Inc, USA) in a quick freeze station in a CM 
3000 cryostat (Leica, Germany). Sections were cryocut at a 
thickness of 10 m and mounted on Super Frost/Plus microscope 
slides (Histolab Products, Sweden). In paper III and IV, rat brains 
were carefully dissected and placed in phosphate-buffered formalin 
over night and thereafter fixed in 70 % ethanol until paraffine 
embedded. Blood samples were also collected for analysis.  

In paper V, the brains were snap frozen in liquid 
nitrogen. For protein profiling analyses, each tissue sample was 
homogenised in a series of steps. Each sample was firstly 
thoroughly homogenised in 1 ml homogenisation buffer 1 (100mM 
4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), pH 7.4, 
100mM NaCl, 0.5 % 3-[(3-cholamidopropyl)dimethyl-ammonio]-1-
propanesulfonate (CHAPS)) per 100 mg tissue, with a Dounce 
Tissue Grinder (Kimble/Kontes, Vineland, NJ, USA), and then 
incubated on ice for 30 minutes. Thereafter, the homogenate was 
centrifuged at 14 000 r.p.m. for 20 minutes in 4°C and both the 
supernatant and the pellet fraction were recovered. The supernatant 
was dissolved in two volumes of protein denaturing buffer (8 M 
urea, 1 % CHAPS, PBS), kept on a shaker for 30 minutes in 
4°C and then snap frozen in liquid nitrogen and stored at -80°C. 
The pellet fraction was transferred back to the tissue grinder and 
rehomogenised in 1 ml homogenisation buffer 2 (5 M Guanidine–
HCl, 50mM Tris (pH 8.0), 0.5 % CHAPS) per 100 mg tissue, 
then incubated on ice for 3 hours, followed by centrifugation at 
14 000 r.p.m. for 20 minutes in 4°C before it was snap frozen 
in liquid nitrogen and stored at -80°C. Both homogenisation buffers 
contained Complete EDTA-free Protease Inhibitor Cocktail (Roche 
Applied Science, Indianapolis, IN, USA). 
    
Tumour measurement 
In paper III, the size of the tumour was measured after sectioning 
and staining with haematoxylin-eosin. This was made by using a 
computerised image analysis system consisting of a 
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stereomicroscope (Stemi 2000-C, Carl Zeiss, Jena, Germany) with 
a high-resolution digital camera (AxioCam, Carl Zeiss, Oberkochen, 
Germany) under control of KS400 3.0 software (Carl Zeiss, 
Hallbergmoos, Germany). Images were analysed using KS400 
software. Tumour height and width were measured at largest 
coronar section and the tumour volume was calculated using the 
formula for the ellipsoid (r1 x r2 x r3 x π x 4/3), where the 
radius in the sagittal plane was approximated to be the same as 
the coronar radius. In paper IV, the tumour area at the largest 
coronar section was used, to get a more adequate measure of 
the tumour size. All measurements were made blinded. 
 
Immunohistochemistry 
Proliferation index 
Proliferation index was assessed after immunohistochemical staining 
for Ki-67 (Scholzen and Gerdes 2000). Sections were immersed in 
citrate buffer (pH 6.0) and boiled in microwave oven for four 
cycles of 5 min. Endogenous peroxidase was blocked with 10 % 
H2O2 in methanol for 15 min, followed by blocking with normal 
horse serum for 20 min. As primary antibody, a monoclonal anti-
rat Ki-67, at 1:25 (MIB-5, clone M7248, DAKO A/S, Glostrup, 
Denmark) was incubated for 1 h at 37°C. After washing in PBS, 
sections were incubated with biotinylated secondary horse anti-
mouse antibody for 30 min. Enzyme conjugate was subsequently 
added for 30 min. Staining reaction was developed in 3, 3´-
diaminobenzidine (DAB) (Sigma, Stockholm, Sweden) and mounted 
using gelatine-glycerol. Cells were manually counted in a standard 
light microscope (Axiophot, Carl Zeiss, Oberkochen Germany) and 
at least 600 nuclei per tumour section were counted. Proliferation 
index was calculated as the fraction of Ki-67 positive nuclei. 
 
Apoptosis 
To visualise apoptosis, the Roche in situ cell death detection kit, 
based on the terminal dUTP nick-end labeling technique (TUNEL) 
(Roche Diagnostics Scandinavia AB, Bromma, Sweden) was used. 
Formalin-fixed, paraffin embedded tissue sections were treated with 
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proteinase K for 15 min at 37°C and blocked for endogenous 
peroxidase with 3 % H2O2 in methanol for 10 min. Sections were 
then incubated for 60 min at 37°C in TUNEL reaction mixture, 
followed by a 30 min incubation with converter-peroxidase. Finally, 
the staining reaction was developed in DAB (Sigma, Stockholm, 
Sweden) and sections were mounted using gelatine-glycerol. Cells 
were manually counted in standard light microscope (Axiophot, Carl 
Zeiss, Oberkochen, Germany) avoiding necrotic tumour areas. At 
least 600 nuclei per tumour section were counted. Apoptosis index 
was calculated as the fraction of positive stained nuclei. 
 
Factor VIII staining and micro vascular density 
Vessels in the BT4C brain tumours were immunohistochemically 
stained for factor VIII and quantified manually using a method 
originally presented by Weidner (Weidner 1993). Sections were 
permeabilised in 0.1 % protease at 37°C for 10 min. After 
blocking with normal goat sera, sections were incubated for 1 
hour at room temperature with a primary polyclonal rabbit anti-
human factor VIII antibody (DAKO A/S, Glostrup, Denmark) diluted 
1:400. After washing in PBS, sections were incubated with 
biotinylated secondary goat anti-rabbit antibody diluted 1:200. 
Endogenous peroxidase was blocked with 10 % H2O2 in methanol 
for 15 min. Enzyme conjugate was then added for 30 min. The 
staining reaction was developed in DAB (Sigma, Stockholm, 
Sweden) and mounted using gelatine-glycerol. Assessment of micro 
vascular density (MVD) was performed by manual counting in 
selected areas with the highest vascular density (hot spots). Each 
tumour was scanned at low magnification and four hot spots were 
chosen. All stained objects (blood vessels with and without visible 
lumina) within a 200x high power field were counted using a 
standard light microscope (Axiophot, Carl Zeiss, Oberkochen, 
Germany). Each hot spot was counted twice and the arithmetical 
mean in each section was used to calculate the mean MVD for 
each tumour, which was used for further statistical analysis. MVD 
was expressed as number of vessels/200x high power field. 
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Proteomics 
The protein expression of each sample was profiled using surface 
enhanced laser desorption/ionisation–time of flight–mass spectrometry 
(SELDI-TOF-MS), and certain ProteinChip® arrays (Bio-Rad 
Laboratories Inc, Hercules, CA, USA). The array types used were 
CM10 (a weak cat ion exchange surface) and an immobilised 
metal affinity chromatography surface (IMAC), coupled with Cu2+ 
ions. The analyses were done for one fraction at the time, on 
one array type at the time, and the samples were applied to the 
protein chip arrays in triplicates according to a randomised 
scheme. For details of the array preparation see Wibom et al 
(Wibom et al. 2006).  
 
Statistics 
In paper III and IV, values are expressed as median and range. 
Groups were compared using the Mann-Whitney U-test. A p-value 
less than 0,05 was considered significant. For curve estimation, 
quadratic regression was used. For this purpose, the software 

SPSS 11.0 for Windows was used. In paper V, data was initially 
studied by means of Principal Component Analysis (PCA) to detect 
outliers and subsequently analysed with Orthogonal Partial Least 
Squares discriminant analysis (OPLS-DA) (Bylesjö et al. 2006).
 



RESULTS AND DISCUSSION 

Results and Discussion 
 
The BT4C rat glioma model (paper I, II, III, IV, and IV) 
Animal models can be classified as xenograft tumour models, 
which refers to implantation or injection of primary tumour cells or 
cell lines subcutaneously or orthotopically, or models of 
spontaneous tumour formation in genetically engineered mice 
(Fomchenko and Holland 2006). 

The BT4C glioma model is orthotopic (which in this 
case means that brain tumour cells are implanted in brain) and 
syngenic (the tumour cells originates from genetically identical 
animals). It is a transplacental nitrosurea induced tumour originally 
characterised as a gliosarcoma. Further the animals (BDIX-rats) are 
immunocompetent. In many tumour models used, human tumour 
cells are implanted subcutaneously in immunodeficient animals. 
Compared to these models, the BT4C model thus have three 
important advantages.  

There are further some morphologic similarities 
between the BT4C model and human glioma. The growth 
behaviour of the BT4C tumour is invasive with a tendency to 
perivascular growth with nests of tumour cells in the normal brain. 
Moreover, the BT4C tumour is fast growing and shows extensive 
neo-vascularisation. 

All animal models have their pros and cons. Ideally 
an animal model should mimic the human situation in such way 
that conclusions drawn from the preclinic, could be translated and 
valid also in the clinical setting.  

Differences between the BT4C model and human 
glioma are that the BT4C tumour does not seem to grow along 
white fiber tracts like human glioma often do and necrotic areas 
are uncommon in the BT4C model, wheras necrotic areas with 
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psueodpalisading cells are a hallmark in glioblastoma as mentioned 
above. Thus, even if there exists similarities between the animal 
model used and human high grade glioma, the results obtained 
must be carefully considered before directly translated into the 
human setting. 
 
 
Expression of the proteolytic factors, tPA and uPA, and PAI-1 in the 
BT4C tumour model (paper I and II) 
RT-PCR revealed the transcription of the plasminogenactivator tPA 
mRNA in the BT4C tumour. With in situ hybridisation we found 
the expression located to the invasive border of the BT4C-glioma. 
In situ hybridisation was further used to investigate the spatial and 
temporal expression of tPA, uPA, and PAI-1 in the growing BT4C-
glioma. After 6 days of tumour growth, it was found that the 
expression of tPA mRNA was localised throughout the tumour and 
that the expression day 12, 18, and 24 was more intense in the 
invasive border adjacent to the healthy brain. The expression 
pattern of uPA mRNA was similar to that of tPA. PAI-1 mRNA 
was expressed exclusively in the invasive border in later stages. 

To some extent this was novel findings. uPA was 
earlier described in malignant glioma (Gladson et al. 1995; Hsu et 
al. 1995), but tPA was not described in malignant glioma at the 
time for our study. In more recent studies, a higher content of 
tPA was found in glioblastomas compared to benign brain tumours 
(Goh et al. 2005), indicating a role for tPA as a factor to enable 
invasion and migration.  

It was also found that the ventricular ependyma 
expressed tPA mRNA. Finally, using in situ zymography it was 
shown that the mRNA of the plasminogenactivators was translated 
to functional proteins with ability to activate plasminogen to 
plasmin.  

Degradation of surrounding ECM is a prerequisite 
for glioma cell migration, invasion and tumour angiogenesis. There 
are a tremendous amount of signalling factors and molecules cross 
talking to permit movement of cells through and across tissues. 
Great effort has been made to interfere with migration and 
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invasion of tumour cells. New treatments aiming at inhibition of 
these systems may contribute to increase the possibilities for local 
control.   

In preclinical models simultaneous inhibition of uPA, 
uPAR, and MMP-9 by silencing RNA with small, interfering hairpin 
RNA (siRNA) leads to inhibition of tumour growth (Gondi et al. 
2004).  

Since migration, proliferation, and angiogenesis are 
important systems for glioma progression and all of these are 
dependent of integrins they of course constitute an attractive target 
for treatment. Integrins may potentially be targeted by many 
different approaches. A specific α or β subunit may be targeted by 
antisense oligonucleotides (Treasurywala and Berens 1997). The α 
β heterodimer can be inhibited and one example is the inhibitor 
JSM6427 which inhibits the αV β1 integrin. This inhibitor was 
recently shown to attenuate glioma growth in an animal model 
(Farber et al. 2008). Cilengitide, a synthetic integrin -αVβ3 and -
αVβ5 inhibitor, was shown in a phase I study to display limited 
toxicity and single-agent effect in patients with recurrent glioma 
(Nabors et al. 2007). Further clinical studies are ongoing (Reardon 
et al. 2008). 

In addition, to target the integrin heterodimers the 
ECM ligands also could be a potential target. Tenascin has been 
identified as a target for immune-directed therapy and an antibody 
conjugated with the radioisotope I131 towards tenascin has been 
developed, thereby selectively targeting the tumour, since tenascin 
is strictly expressed in the extracellular matrix of the glioma and 
not in the adjacent brain. This agent (131I-m8C16) has been tested 
in a phase-I study with encouraging results (Reardon et al. 2006).  

  
 
The pattern of VEGF expression in the BT4C tumour model (paper I 
and II) 
The expression of VEGF mRNA in the BT4C glioma model was 
analysed using DIG labeled in situ hybridisation. As for tPA, uPA 
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and PAI-1 a distinct expression of VEGF mRNA was observed in 
the invasive border of the tumour.  
 This pattern of VEGF expression is somewhat 
different from earlier observations where the VEGF expression 
mainly has been associated to perinecrotic central regions of 
malignant glioma (Plate et al. 1992). In other animal tumour 
models, VEGF expression is co-localised with hypoxia in the 
compact tumour areas whereas it is undetectable in the diffuse 
infiltrative parts (Claes et al. 2008). Necrotic areas are rather 
uncommon in the fast growing BT4C glioma model and one can 
speculate that the rapidly advancing tumour edge induces a state 
of hypoxia and lack of nutrients during invasion, explaining the 
upregulation of VEGF mRNA to meet the demand for 
neovascularisation in the tumour border.  

However, our group has also analysed the spatial 
distribution of VEGF expression in human glioma with 
immunohistochemistry on stereotactical biopsies from the centre and 
periphery of the tumours as well as from brain adjacent to the 
tumour (Johansson et al. 2002). Here a frequent expression of 
VEGF in the brain adjacent to the tumour was found as well as 
in the tumour centre in perinecrotic tumour cells, which is in 
accordance with the expression pattern of VEGF mRNA, in the 
BT4C model. 
 
 
The effect of the VEGFR-2 and EGFR tyrosine kinase inhibitor ZD6474 
(paper III and IV) 
In paper III, the effect of ZD6474 on inhibition of tumour growth 
in the BT4C rat glioma model was evaluated. ZD6474, which was 
designed as a small molecule tyrosine kinase inhibitor targeted 
against VEGFR-2, is a 4-anilinoquinazoline which possess basic 
side chains at the C-7 position on the quinazoline nucleus. For 
details see Hennequin et al (Hennequin et al. 2002). It is a 
nanomolar inhibitor (IC50 0,04 μM) of VEGFR-2 that also have 
inhibitory effect against EGFR (IC50 0,5 μM), VEGFR-3, and the 
rearranged during transfection (RET) kinase.  
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In vitro, ZD6474 showed a dose-dependent inhibition 
on both BT4C tumour cells and on RBE4 endothelial cells, as 
assessed with the FMCA-method. IC50 was calculated to 2,4 μM 
for BT4C-cells and to 2,3 μM for RBE4-cells. In vivo, in the 
BT4C model it was shown that oral administration of ZD6474 50 
mg/kg once daily for 13 days significantly decreased tumour 
volume from 53 mm3 to 18 mm3 compared to controls. Treatment 
with a higher dose of ZD6474, 100 mg/kg did not inhibit growth 
any further. The proliferation index in the control group was 0,22 
compared to 0,14 (p<0,05) in the group treated with ZD6474 50 
mg/kg. The apoptosis index was significantly increased in the 
treated groups. The MVD was significantly increased in the group 
treated with ZD6474 50 mg/kg compared to the control group, 
from 94 to 111 vessels per high power field.  

Treatment with ZD6474 50 mg/kg was well tolerated 
with no visible clinical signs of toxicity. However, in testes, an 
accumulation of leucocytes and macrophages were seen in the 
vessels located beneath the testis capsule, in treated but not in 
untreated animals. This may indicate an immune response in this 
tissue (unpublished data). The higher dose level 100 mg/kg did 
not further inhibit tumour growth but obvious clinical signs such as 
lethargy and weight loss was observed. The doses chosen were 
based on previous studies where mice were treated with ZD6474 
100 mg/kg for 21 days without toxicity (Wedge et al. 2002). Dose 
levels are not easily translated between different species, and to 
our knowledge there were no other reports on ZD6474 treatment 
in rat tumour models, at that time. 

To our knowledge, this was the first time growth 
inhibition of an orthotopic tumour was reported after ZD6474 
treatment. Increased apoptosis and decreased proliferation of tumour 
cells in treated animals were findings consistent with the observed 
tumour growth inhibition in ZD6474-treated animals. In vitro, 
decreased growth of tumour cells as well as of rat brain 
endothelial cells was observed, which further validates the in vivo 
effects. These findings togheter, suggests that both the endothelial 
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cell and the tumour cell compartments were affected, denoting 
ZD6474´s dual activity on VEGFR and EGFR.  

In this study, an increased MVD was seen after 
treatment with ZD6474. At present, there is no reliable measure of 
direct effect of anti-angiogenesis therapy. MVD is often used as a 
biomarker for anti-angiogenesis therapy, and other studies have 
found a decreased MVD after ZD6474 treatment (Wedge et al. 
2002). Vascularisation differs widely between tumour types and 
models which can explain the discrepancy between studies. MVD 
as an indicator for antiangiogenic treatment effects is now 
questioned, since MVD may fluctuate during antiangiogenesis 
treatment and that it more reflect a ratio of the vascular and 
tumour cell components (Hlatky et al. 2002). Previously, ZD6474 
had been shown to inhibit VEGF signalling and tumour growth in 
subcutaneous experimental tumour models (Ciardiello et al. 2003; 
Wedge et al. 2002). After our study was published, others have 
shown similar results in various orthotopic models (McCarty et al. 
2004), including malignant glioma after treatment with ZD6474 
(Rich et al. 2005).  

Real-time RT-PCR revealed the presence of the 
main targets for ZD6474, VEGFR2 and EGFR, in the BT4C-model. 
It was found that VEGFR-2 mRNA was expressed in normal rat 
brain and in the rat brain tumour tissue but not in the BT4C cell 
line. EGFR mRNA was expressed in the normal brain tissue, in 
the rat brain tumour tissue and in the BT4C cell line. 

Since tumour vessels are chaotic and many are 
non-functional, the tumour cells suffer a milieu with poor blood 
flow, high interstitial pressure, and hypoxia. Concerns can therefore 
be raised that anti-angiogenesis therapy further would compromise 
the delivery of oxygen and cytotoxic substances to the tumours 
and therefore counteract effects of chemotherapy or radiotherapy 
when given in combination. However, experience from preclinical 
studies indicates that anti-angiogenesis treatment instead normalises 
the tumour vessel bed (Jain 2001; Jain et al. 2007; Tong et al. 
2004), and thereby improves tumour perfusion and oxygenation. 
This creates a rationale for combining anti-angiogenesis treatment 
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with chemotherapy and/or radiation. It has also been shown that 
anti-angiogenesis treatment causes a time window of morphological 
and functional normalisation of tumour vessels (Winkler et al. 
2004). This makes scheduling between different treatment modalities 
of great importance. Malignant gliomas contains a heterogeneous 
population of cells, and since different systems for proliferation and 
angiogenesis probably are turned on and off during progression, a 
combination of therapies may be an accessible way to improve 
the therapeutic effects. Therefore, after we demonstrated tumour 
growth inhibition with ZD6474 in monotherapy, we went further, 
combining ZD6474 with other treatment modalities known to be 
effective in malignant glioma.  

In paper IV, two different experiments were 
performed. ZD6474 was used to explore any additive effect in 
combination treatment with radiotherapy or temozolomide in the 
BT4C-model. Due to toxicity seen in our first in vivo experiment 
and to minimise the risk of serious toxicity in the animals, we 
choose to reduce the dose of ZD6474 from 50 mg/kg to 30 
mg/kg in the combination treatment experiments.  

In the first experiment, treatment with ZD6474 30 
mg/kg was combined with radiotherapy 12 Gy x 1. This dose was 
based on previous experiments, indicating that 12 Gy single 
fraction has equivalent tumour growth inhibitory effects as 4 Gy x 
5 fractionated therapy in the BT4C model (data not shown). 
Combination treatment significantly decreased tumour area with 66 
% from 16 mm2 to 6 mm2. In the group receiving ZD6474 30 
mg/kg in monotherapy for 14 days the tumour area decreased by 
24 % from 16 to 12 mm2, (p=NS). The group treated with a 
single dose of radiotherapy 12 Gy had a tumour area decrease 
with 14 % from 16 to 14 mm2 (p=NS). In this experiment 
proliferation index was significantly decreased in the group treated 
with ZD6474 30 mg/kg in monotherapy but no significant difference 
was seen in the groups treated with radiotherapy or with ZD6474 
and radiotherapy in combination. In the group treated with 
radiotherapy the MVD was significantly decreased and in the 
groups treated with ZD6474 in monotherapy and ZD6474 combined 
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with radiotherapy there was a non-significant trend towards 
increased MVD compared to controls. There were no significant 
changes in apoptosis in the treated groups compared to controls. 
The tumours treated with radiotherapy and ZD6474 in combination 
displayed an altered morphology with tumour cells growing in 
clusters wide apart and no substantial tumour mass.  

In the second experiment, ZD6474 30 mg/kg was 
combined with the temozolomide in the dose 100 mg/kg for three 
days, day 9, 12, and 15 after tumour implantation. In the group 
receiving combination therapy tumour area was significantly reduced 
from 13 mm2 to 3 mm2 which represents a reduction with 74 %. 
In the group treated with ZD6474 30 mg/kg in monotherapy no 
significant area reduction (13 to 9 mm2) was seen, but in the 
group treated with temozolomide in monotherapy the area was 
significantly reduced from 13 to 7 mm2.  

Once-daily oral administration of ZD6474 30 mg/kg 
for 14 days appeared well tolerated. Irradiated animals lost weight 
significantly but when their pellets were softened in water they 
started to regain weight. However the animals treated with ZD6474 
and radiotherapy in combination continued to lose weight. In the 
second experiment, where rats received temozolomide in 
combination with ZD6474 a similar weight loss was observed. We 
also found that rats treated with temozolomide had a lower white 
blood cell count and platelet count compared with the other 
groups. This is in accordance with the clinical situation.  

Due to the these encouraging tumour inhibition 
effects the obvious experiment to perform would be a combination 
of all three modalities, but such a combination would most certain 
give non-acceptable adverse effects in the animals why we have 
choose not to do this. Nevertheless the combination of all three 
modalities would be of interest in the clinical setting.  

Today ZD6474 is in phase III clinical trials for 
NCSLC and phase II for many other cancers including malignant 
glioma. Recently ZD6474 also has been shown to have up-
regulating effects on tumour suppressor connexin 43 in vitro 
(Asklund 2008). Others have shown positive effects by combining 
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ZD6474 with radiotherapy (Brazelle et al. 2006; Damiano et al. 
2005; Williams et al. 2004) and chemotherapy in glioma (Tong et 
al. 2004) and in other preclinical tumours (Ren et al. 2008). Also 
other clinical studies are ongoing, evaluating the approach with 
chemotherapy combined with treatment targeting angiogenesis. 

In a recent study where human glioma cells were 
intracranially implanted in nude mice and then treated with ZD6474 
and temozolomide, contradictory results were found. It was 
speculated that ZD6474 restored the tumour vessel bed including 
the blood brain barrier and thereby antagonised the effects of 
temozolomide (Claes et al. 2008). The differences seen compared 
to our study could be attributed to the different models used. 
However, this further substantiates the importance of scheduling 
and dosage. There are preclinical studies supporting presence of 
cell lines without expression of VEGFR-2 where treatment with 
VEGFR-2 tyrosine kinase inhibitors rather enhances VEGF 
production (Sasaki et al. 2008). Another study of patients with 
breast cancer supports an association between different genotypes 
of VEGF and VEGFR-2 and outcome in patients treated with 
bevacizumab (Schneider et al. 2008). One fear is that the 
observed normalisation of the tumour vessel bed after anti-
angiogenesis therapy, leading to restored blood flow in the tumour, 
may not only be of benefit for treatment but also for tumour 
growth. Another important finding is that there appears to be an 
inverse relationship between angiogenesis and invasion in certain 
animal models (Sakariassen et al. 2006). Furthermore, it has been 
shown that an astrocytoma cell line became more invasive when 
HIF1-α was knocked out (Blouw et al. 2003). Finally, there are 
several redundant pro-angiogenic pathways described and inhibition 
of one of those may lead to upregulation of other pathways 
resulting in a second wave of angiogenesis. This may be some 
explanations for mechanisms of resistance and recurrence in 
patients treated with anti-angiogenesis therapy. 
 Much effort has been made for developing an 
effective method to target the tumour vessel bed. There are two 
different approaches, vascular disruption and angiogenesis inhibition. 
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Vascular disrupting agents are designed to selectively destroy 
tumour vasculature and shutdown blood supply to solid tumours, 
causing extensive tumour cell necrosis. These substances target 
established tumour blood vessels, which are distinct from anti-
angiogenesis agents that prevent the formation of new blood 
vessels. CA4P, ZD6126, AVE8062, OXi-4503, NPI-2358, MN-029, 
and EPC2407 are small molecule agents and tubulin inhibitors. 
FAA and DMXAA are synthetic flavonoids. They induce the 
production of local cytokines such as tumour necrosis-alpha (TNF-
α). These vascular disrupting agents have shown good antitumour 
efficacy in animal models, especially in combination with 
chemotherapy. Several of those agents, including CA4P and 
DMXAA, have demonstrated good safety profiles as well as some 
promising tumour effects in phase I clinical trials. Currently CA4P 
and DMXAA are in phase II clinical trials and AVE8062, OXi-4503, 
NPI-2358 and MN-029 are in phase I clinical trials (Cai 2007).  

In a recently published phase I study, an 
antivascular effect was detected by DCE-MRI after ZD6126 
treatment (LoRusso et al. 2008). We have earlier performed 
experiments with ZD6126 in our BT4C model, without measurable 
effects on tumour growth (unpublished data). ZD6126 was 
developed for its tubulin-binding properties and its ability to induce 
vascular damage in tumours. It is a phosphate prodrug of the 
tubulin binding agent N-acetylcolchinol (ZD6126 Phenol) that inhibits 
microtubule polymerisation (Davis et al. 2002). Release of ZD6126 
phenol by phosphatases in vivo leads to selective disruption of the 
cytoskeleton of tumour endothelial cells. It has shown antitumour 
activity in a panel of tumour models and has been shown to 
enhance the effect of cisplatin (Blakey et al. 2002). Further 
experiments are thus needed to state that ZD6126 is ineffective in 
the BT4C-model and it would also be of interest to evaluate 
ZD6126 in combination with other therapies.  

Targeting angiogenesis in tumours is an attractive 
way to treat cancer since angiogenesis is a tightly regulated 
process in adult tissue. Under normal conditions an active 
angiogenesis mainly occurs during wound healing and in the 
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female reproductive system. Among early angiogenesis inhibitors, 
TNP-470 a synthetic analogue of fumagillin was a promising 
candidate for therapy (Ingber et al. 1990). However, due to 
neurotoxicity clinical development was arrested in the phase II 
setting. Recently, it has been conjugated to a polymer which has 
made it non-toxic (caplostatin) (Satchi-Fainaro et al. 2004) at least 
in the preclinical setting. Endostatin is an endogenous angiogenesis 
inhibitor reducing the growth of different experimental tumours, 
including malignant glioma (O'Reilly et al. 1997; Pradilla et al. 
2005). In small randomised clinical studies it has not yet shown 
any significant tumour responses (Kulke et al. 2006; Yang et al. 
2006).  

There are many ways to inhibit VEGF signalling. 
Since VEGF is the most important factor in this system, it 
constitutes a natural target. One way is to abrogate the ligands to 
the receptors. This can be done by antibodies targeting VEGF or 
by soluble decoy receptors. Another way is to interfere with the 
VEGF receptor, either by inhibiting the tyrosine kinase activity of 
the receptor or by blocking antibodies directed to the ligand 
binding site of the receptor. It is also possible to inhibit tyrosine 
phosphorylation and thereby downstream signalling through the 
protein kinase C-beta (PKC-beta) and phosphoinositide 3-kinase 
Pl3K/AKT pathways.  

The first specific angiogenesis inhibitor approved for 
clinical use is bevacizumab, a humanised anti-VEGF165 monoclonal 
antibody. As mentioned above, there are promising results in high-
grade malignant glioma with bevacizumab alone or in combination 
with irinotecan (Cloughesy et al. 2008; Vredenburgh et al. 2007). 
Bevacizumab is now entering the first line setting in combination 
with temozolomide in phase II studies.  

VEGF-trap (aflibercept) is a fusion protein designed 
to bind all isoforms of VEGF-A. In addition, it binds PlGF and 
VEGF-B (Gomez-Manzano et al. 2008). It is now in phase-III trials 
for prostatic cancer, NSCLC, colon cancer, and pancreatic cancer 
in combination with standard chemotherapy.  
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Sorafenib (Nexavar®) is a small molecule inhibitor 
of several protein kinases including Raf kinase, PDGF, VEGF2- 
and 3 kinases, and c-KIT. It was approved for renal cancer in 
2005 (Escudier et al. 2007) and for hepatocellular carcinoma in 
2007 (Llovet et al. 2008).  

Sunitinib (Sutent®) is approved for renal carcinoma 
and imatinib-resistant GIST. Sunitinib inhibits cellular signalling by 
targeting multiple RTK´s including all PDGF-R and VEGF-R, c-KIT, 
RET, colony stimulating factor-1R (CSF-1R), and fms-related 
tyrosine kinase 3 (flt3). It has been shown to inhibit angiogenesis 
and invasion in an experimental human glioblastoma model (de 
Bouard et al. 2007).  

Cediranib (AZD2171, Recentin™) which is a RTK 
inhibitor of VEGFR 1-3, PDGFR, and c-KIT has been tested on 
patients with recurrent glioma in the phase II setting. It has 
shown normalisation of radiologic vascular parameters and alleviated 
tumour induced edema (Batchelor et al. 2007).  

Vatalinib (PT787/ZK222584), an inhibitor of VEGFR 
and PDGFR is currently being evaluated in malignant glioma alone 
and in combination with temozolomide (Stupp et al. 2007).  

Enzastaurin (LY317615) is an oral serine-threonine 
kinase inhibitor that is designed to suppress tumour growth through 
multiple mechanisms and has been shown to inhibit signalling 
through the PKC-B and phosphoinositide 3-kinase/PI3K/AKT 
pathways (Tabatabai et al. 2007). Responses in a phase I trial in 
patients with glioblastoma (Stupp et al. 2007) led to a large 
randomised phase III trial. This was discontinued before completion 
of accrual when an interim analysis demonstrated a possibly 
inferior outcome with enzastaurin. To evaluate the effects of 
enzastaurin in combination with chemotherapy and radiation phase I 
and II trials are ongoing. 

There are many other substances/regimens 
demonstrating anti-angiogenesis effects but was designed for other 
clinical purposes. Examples are metronomic chemotherapy, 
proteosome inhibitors (Velcade®), mammalian target of rapamycin 
(mTOR)  inhibitors (temsirolimus, Toricel®), heat shock protein 90 
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(HSP90) inhibitors, thalidomide, suramin, zoledronic acid, celecoxib, 
trastuzumab (Herceptin®), hormonal antagonists and interpheron-2α.  
 
 
The protein expression after treatment with ZD6474 (paper V) 
The overall protein expression pattern in tumour tissue and in 
normal brain tissue in the BT4C-model was analysed after 
treatment with ZD6474, using SELDI-TOF-MS. In the group of 
animals, with tumours implanted for 12 days, daily treated with 
ZD6474 for the last 6 days, 13 peaks displaying a significantly 
altered protein expression were found. The separation is less 
evident in normal tissue samples. 19 days after tumour 
implantation, following 14 days of treatment, 39 peaks significantly 
changed were found. Furthermore, the protein expression pattern in 
normal and tumour tissue at 3 different time points after a single 
dose of ZD6474 in animals that had tumours implanted for 19 
days was compared. The time points were 2, 8, and 24 hours 
after treatment. From these three comparisons carried out in both 
tumour and normal tissue, a total of 41 peaks with a significantly 
altered intensity in treated tissue as compared to untreated tissue 
were found.  

Today there is no accepted method to predict and 
evaluate the effect of new targeted treatments in cancer. The use 
of conventional radiological methods several mounths after treatment 
initiation, will not be sufficient when it is important with instant 
evaluation depending on changes in these systems and treatment 
failure. Predictive factors for anti-angiogenesis treatment are not 
only warranted as rapid indicators of response but also to define 
optimal dosing and scheduling of new anti-angiogenesis agents in 
combination with other treatments. The optimal predictive marker is 
easily measured in an accessible body fluid compartment or 
obtainable with non-invasive radiological methods.  

Circulating endothelial cells (CEC) and circulating 
endothelial progenitor cells (CEP) are elevated in many cancer 
patients (Asahara et al. 1997; Mancuso et al. 2001) and have 
been discussed as candidate predictive markers for anti-
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angiogenesis treatment (Beaudry et al. 2005; Willett et al. 2005). 
In an experimental study, Beaudry et al describes differential 
changes in the levels of CEC and CEP after treatment with 
ZD6474, implicating assessment of CEC as a candidate surrogate 
predictive marker for ZD6474 treatment. Interestingly, Batchelor et 
al have recently shown that changes in CEC levels correlated with 
changes in tumour contrast-enhanced volume on MRI during 
treatment, and that lower levels of viable CECs during treatment 
predicted a better response in patients with recurrent glioblastoma 
treated with AZD2171, a pan-VEGF receptor tyrosine kinase 
inhibitor (Batchelor et al. 2007). However, further phenotypic 
characterisation of these cells is needed to establish reliable cell-
surface markers for CECs and CEPs. Moreover, changes in CEC 
and CEP levels may reflect successful angiogenesis inhibition but 
is less likely to serve as predictive factors for a specific 
angiogenesis inhibitor. 

Since the cellular protein expression is altered by 
biological events that affect the cell and its environment, 
proteomics, may provide one contribution in this matter. Therefore 
the protein expression in tumour tissue and normal brain tissue 
after treatment with ZD6474 was evaluated, with aim to receive 
proteomic fingerprints indicating early treatment responses. Previous 
studies have shown the potential capacity of SELDI-TOF-MS 
technique to analyse the proteome in patients with cancer (Ball et 
al. 2002; Koopmann et al. 2004). Our study reports a significantly 
altered proteomic pattern in malignant glioma following tumour 
progression and treatment with ZD6474. In addition, specific 
changes in the protein expression in normal brain tissue was also 
evident. In an earlier published study, our group demonstrated 
significant radiation-induced changes in the proteomic pattern 
(Wibom et al. 2006). A number of candidate biomarkers for 
treatment response are detected for further characterisation in the 
near future. We believe that clinically relevant biomarkers for anti-
angiogenesis treatment in glioblastoma are important to establish 
since early assessment of treatment response is crucial in this 
fast proliferating tumour. 



CONCLUSIONS 

Conclusions 
 
Specific conclusions 
Based on the present work, following specific conclusions can me 
made: 
 
 
 

I. Factors of importance for tumour cell migration 
and invasion are expressed in the BT4C rat 
glioma model. mRNA for tPA, uPA and PAI-1 
are expressed in the invasive border of the 
growing tumour. 

 
II. VEGF mRNA is expressed and co-localised with 

the protelolytic factors in the growing BT4C-
tumour. 

 
III. Treatment of the BT4C rat glioma with ZD6474 

inhibits tumour growth and combination therapy 
with temozolomide and radiotherapy has additive 
effects. 

 
IV. Treatment with ZD6474 alters the protein 

expression pattern in the BT4C tumour model. 
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General conclusions 
 

 Malignant glioma is heterogenous concerning histology, 
genotype and other molecular changes. Certain therapies 
may be effective in different parts of the cell population 
in the tumour at various times. Moderate success of 
individual compounds and the redundancy of intra- and 
extracellular signalling pathways suggest that combination 
therapies may be more appropriate. Therefore treatment of 
malignant glioma has to be multimodal, in many cases 
aggressive and always carefully evaluated. 

 

 Angiogenesis is most likely one of the more important 
biological processes addressed in the future standard 
treatment of malignant glioma.  

 

 More effort to find out the best scheduling within and 
between various treatment approaches is necessary. 
Knowledge of when and how different biological systems 
of importance for glioma progression are turned on and 
off within a tumour are of great importance for planning 
and evaluate treatment. Evaluation of proteomic fingerprints 
before, during, and after treatment might be an accessible 
way to optimise and individualise treatment for patients 
suffering from malignant glioma.  

 
Despite much research and recent substantial improvement in 
survival, malignant glioma still is a disease with poor prognosis. 
Invasion and migration together with extensive pathological 
angiogenesis are important hallmarks for the progression of 
malignant glioma. Therefore these systems are of great interest in 
the search for new treatment targets. Hopefully, this thesis will 
contribute to and encourage further research to reach a better 
understanding of how to combine and evaluate different treatment 
approaches in malignant glioma.
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Inne i den väldiga romanska kyrkan trängdes turisterna 

i halvmörkret. 
Valv gapande bakom valv och ingen överblick. 
Några ljuslågor fladdrade. 
En ängel utan ansikte omfamnade mig 
och viskade genom hela kroppen: 
”Skäms inte för att du är människa, var stolt! 
Inne i dig öppnar sig valv bakom valv oändligt. 
Du blir aldrig färdig, och det är som det skall.” 
Jag var blind av tårar 
och föstes ut på den solsjudande piazzan 
tillsammans med Mr och Mrs Jones, Herr Tanaka och 

Signora Sabatini 
och inne i dem alla öppnade sig valv bakom valv 
oändligt.  
 

Romanska bågar  
Tomas Tranströmer  
”För levande och döda” 1989 

 

 

 


