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Abbreviations 

 
Ang-1,-2 angiopoietin-1, -2 
BCE bovine capillary endothelial cells 
BSA bovine serum albumin 
CAM chorioallantoic membrane 
CgA chromogranin A 
COX cyclooxygenase 
ELISA enzyme-linked immunosorbent assay 
FGF-2 basic fibroblast growth factor 
HGF hepatocyte growth factor 
HRP horseradish peroxidase 
HUVEC human umbilical vein endothelial cells 
MIBG metaiodobenzylguanidine 
MTD maximum tolerated dose 
NSCLC non-small cell lung cancer 
PDGF platelet-derived growth factor 
s.c. subcutaneous 
T/C mean volume of treated tumors divided by the mean volume 

of control  tumors 
TH tyrosine hydroxylase  
TUNEL TdT-mediated dUTP-biotin nick end labeling 
PBS phosphate-buffered saline 
VEGF vascular endothelial growth factor 
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Introduction 

A general introduction of childhood cancer and their 
treatment 
“It isn’t an experience anyone would opt for, it may seem bleak at the 
beginning, and you have to go through a lot. But you can live through it, and 
your kids can turn out great” Sandra, mother of leukemia survivor Erin, North 
America 
 

Childhood cancers differ from adult cancers in several respects. Compared to 
that in children, medulloblastoma in adults differs histologically, in the location 
of the tumor and in the growth rate (Sarkar et al. 2002). Drug resistance profiles 
in adult acute lymphoblastic leukemia (ALL) differ from those in childhood 
ALL (Styczynski et al. 2000). Furthermore, the long expected life span and the 
growth of a childhood cancer survivor increase the risk of secondary 
malignancies, early onset cardiac failure, infertility, and growth impairment 
caused by chemotherapy. The annual incidence of childhood malignancies in 
Sweden is approximately 15 cases per 100.000 children as recorded by the 
Nordic Society of Pediatric Haematology and Onclology (NOPHO, Gustafsson 
et al. 1999).  Despite its relatively low incidence, malignancy is one of the most 
common causes of death in pediatric patients (Mott et al. 1995) 
 
Cancer treatment in general, mostly involves chemotherapy, surgical excision of 
the tumor, and radiotherapy. Chemotherapeutic drugs are usually given at the 
maximum tolerated dose (MTD). Since the therapeutic index is low, a slight 
decrease in dose can impair the efficacy and increase the risk of recurrence. The 
treatment entails a risk of life threatening toxicity during its administration, 
often demanding aggressive supportive care and bone marrow transplantation. 
Both acute toxicity and late adverse effects are of great concern. The acute 
toxicity involves the hematological, gastrointestinal, pulmonary, cardiac, renal, 
bladder, and the nervous system, as well as causing alopecia. In addition to the 
hair loss, these effects are manifested as nausea, pain, diarrhea, vomiting, and 
fever. Late effects may appear years after completion of therapy, in the form of 
infertility, impairment of growth and intellectual development, organ-specific 
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toxicities and secondary malignancies (da Cunha et al. 1984, Samra et al. 1985, 
Hawkins et al. 1987, Kingston et al. 1987, Glauser et al., 1991, Steinherz et al. 
1991). The late effects depend on the chemotherapy given, the dose, and the age 
of the child during therapy. 

Neuroblastoma is a common tumor in early childhood 

“Each school day enough children are diagnosed with cancer to empty two 
classrooms” National Childhood Cancer Fund, North America 
 

Neuroblastoma is the most common extracranial solid malignant tumor in 
infants (Brodeur and Castleberry 1997) and accounts for approximately 6% of 
all childhood cancers (Gustafsson et al. 1999). It originates from cells of the 
sympathetic nervous system. In Sweden, approximately 10-15 children under 
the age of 15 years are diagnosed with this disease every year (Gustafsson et al. 
1999). The prognosis varies with age at diagnosis, tumor stage, and certain 
biological markers. The overall 5-year survival in Europe is about 45% 
(Cotterill et al. 2000). In patients above one year of age with an advanced tumor 
stage and dismal biological markers, the outcome remains poor despite 
aggressive, multimodality therapy, and hence there is a clinical need for new 
treatment strategies (Berthold and Hero 2000, Castel et al. 2001, Ikeda et al. 
2002).  

Angiogenesis is a prerequisite for tumor growth 

“When we try to pick anything out by itself, we find it hitched to everything else 
in the universe” John Muir 
 

Three decades ago, Judah Folkman presented the hypothesis that tumors require 
angiogenesis i. e., the formation of new blood vessels from existing vasculature, 
to grow and metastasize (Folkman 1971, 1972). Angiogenesis occurs 
physiologically in adults during the ovarian cycle, and in wound healing, but is 
also necessary for growth and development in the embryo and the child. Under 
pathological conditions, angiogenesis is a prerequisite for tumor growth beyond 
a cubic millimeter (Hanahan and Folkman 1996). The physiological and 
pathological angiogenesis involve many similar processes. The difference 
between the two forms is often ultrastructural: tumor vessels often lack 
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pericytes, are dilated and leaky, and have an incomplete basement membrane, 
and the vessel walls may consist of both tumor cells and endothelial cells 
(Benjamin et al. 1999, Carmeliet et al. 1996, Chang et al. 2000). The tumor 
vessels may develop from pre-existing vessels by sprouting or intussusception, 
and also by engagement of circulating endothelial cells from the bone marrow 
(Fig.1). The molecules involved in tumor angiogenesis are not fully known and 
may differ to some extent from those in physiological angiogenesis, examples 
of such angiogenesis stimulators are listed in table 1.  
 
 

 
Fig. 1. Examples of blood vessel formation. (a) sprouting of endothelial cells 
toward an external stimuli, for example VEGF produced by tumor cells. (b) 
intussusception, i. e. , the interstitial pressure forces vessel walls into 
proximity and the vessel divides lengthwise. (c) vasculogenesis by endothelial 
cell precursors. (d) surrounding tumor cells coopting an existing vessel. (e) 
tumor cells forming canals, mimicking blood vessels. Illustration R. 
Christofferson. 

a 

d 
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When the tumor grows and the need for metabolic exchange increases, the 
tumor cells start producing angiogenesis stimulators in response to stress, such 
as hypoxia and nutrient depletion. The balance of angiogenesis stimulators and 
inhibitors is shifted and angiogenesis increases (Carmeliet et al. 1998, Maxwell 
et al. 1997, Ryan et al. 1998, Shweiki et al. 1995, Hanahan and Folkman 1996). 
The existing vessels dilate and become leaky in a response to angiogenic stimuli 
such as vascular endothelial growth factor (VEGF, Kevil et al. 1998, Kohn et. 
al 1992). The basement membrane is degraded to allow endothelial cell 
invasion into the extra cellular matrix in response to metalloproteinases (Moses 
1997). The endothelial cells proliferate and migrate toward the tumor when 
stimulated by VEGF, and basic fibroblast growth factor (FGF-2, Connolly et al. 
1989, Dimmeler et al. 2000, Gospodarowicz et al. 1987, Terranova et al. 1985). 
In a differentiating region behind the migrating and proliferating cells, the cells 
cease to proliferate and they undergo morphological changes and adhere to each 
other to form the lumen of a new capillary tube. To some extent, circulating 
bone marrow -derived endothelial cell precursors are recruited to form the 
endothelium of the new capillary (Lyden et al. 2001, Peichev et al. 2000). The 
scenario outlined above refers to tumor angiogenesis by sprouting. As proposed 
recently, in the absence of VEGF, tumor cells around a pre-existing vessel may 
stimulate endothelial cells in the vessel to express Ang-2. The expression of 
Ang-2 is followed by vessel degradation. Thus the tumor cells become hypoxic 
and start producing angiogenesis stimulators such as VEGF, and new vessels 
are formed by sprouting processes similar to those described above (Holash et 
al.1999a, Holash et al.1999b,Yancopoulos et. al. 2000).  
 
A capillary can also be split lengthwise into two vessels by the formation of 
endothelial pillars, which merge by mechanical forces from the interstitial 
tissue. This event is called intussusception (Patan et al. 1996).  
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Table 1. Angiogenesis stimulators - proteins that stimulate 

angiogenesis in vitro and in vivo (Yancopoulos et al. 2000). 

Acidic fibroblast growth factor aFGF, FGF-1 

Angiopoietin-1 Ang-1 

Basic fibroblast growth factor FGF-2 

Epidermal growth factor EGF 

Erythropoietin EPO 

Granulocyte/macrophage colony stimulating 

factor 

GM-CSF 

Hepatocyte growth factor/scatter factor HGF/SF 

Interleukin-8 IL-8 

Leptin  

Neuropeptide Y NPY 

Placental growth factor PIGF 

Platelet-derived growth factor PDGF-BB 

Platelet-derived endothelial cell growth 

factor/thymidine phosphorylase 

PD-ECGF/TP 

Substance P SP 

Transforming growth factor beta TGF-β 

Tumor necrosis factor alpha TNF-α 

Vascular endothelial growth factor -A VEGF-A 

Angiogenesis in neuroblastoma 

“ Happy is he who gets to know the reasons for things” Virgil 70-90 BC 
 

Neuroblastoma is a rapidly growing, highly vascularized tumor that often 
presents with metastases. Angiogenesis in neuroblastoma tumors has been 
found to correlate with metastatic disease, MYCN amplification and a poor 
outcome (Meitar et al. 1996). Furthermore, the expression of angiogenesis 
stimulators and their receptors are increased in advanced stage neuroblastomas, 



 6

for example VEGF-A, whose expression is up-regulated by hypoxia and whose 
mRNA becomes more stable (Eggert et al. 2000, Fakhari et al. 2002, Fukuzawa 
et al. 2002, Meister et al. 1999, Rössler et al. 1999, Komuro et al. 2001).  TNP-
470 and inhibition of VEGF signaling have shown antitumor activity in animal 
models of neuroblastoma (Wassberg et al. 1997, Klement et al. 2000, 
Nagabuchi et al. 1997, Yoshizawa et al. 2000, Davidoff et al. 2001). Together, 
all these observations suggest that antiangiogenic therapy may be useful in 
treating children with neuroblastoma. 

The new logic of cancer treatment - angiogenesis 
inhibition 
 
“If an angel could grant me one wish, I would wish for a cure of cancer” 
Chiana, leukemia patient, North America 

 
Tumor angiogenesis can be targeted by different approaches: inhibition of blood 
vessel growth by specific angiogenesis inhibitors; combining angiogenesis 
inhibitors with standard chemotherapeutic drugs; or metronomic scheduling of 
chemotherapeutic drugs. A number of substances with an angiogenesis 
inhibitory capacity have been identified during the last 10 years. Today, many 
of these substances have entered clinical trials against various cancer forms 
(Table 2). Tumor angiogenesis can be inhibited at many levels in the 
angiogenesis process by different inhibitors of the metalloproteinases, of 
angiogenic growth factors, of endothelial cells, and of the tumor vasculature 
(Deplanque and Harris 2000).  
 
Two angiogenesis inhibitors in clinical trials are TNP-470, which inhibits 
endothelial cell proliferation (Kusaka et al. 1994), and SU5416, which blocks 
downstream signaling from VEGF-receptor-2, an important pathway in 
angiogenesis (Fong et al. 1999). The side effects of angiogenesis inhibition are 
unclear. However, both TNP-470 and SU 5416 have been reported to delay 
wound healing in animals (Klein et al. 1999, Gelaw et al 2001). In pediatric 
patients, in whom angiogenesis is a prerequisite for organ growth and 
development, the physiological angiogenesis may also be affected.  
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Table 2. Angiogenesis inhibitors in clinical trials.  
(http://cancer.gov/clinicaltrials/developments/anti-angio-table) 
Blockers of matrix breakdown  

COL-3 Collagenex, NCI Phase II 
BMS-275291 Bristol-Myers Squibb Phase II-

III 
Dalteparin (Fragmin®) Pharmacia Upjohn Phase III 
S-3304 Shionogi Phase I 
Suramin NCI Phase I-

II 
   
Inhibitors of endothelial cells 
Thalidomide Cellgene Phase I-

III 
Methoxyestradiol (2-MOE2) EntreMed Phase I 
LY317615 Lilly Phase II 
CC-5013 (thalidomide analog) Cellgene Phase I 
   
Blockers of angiogenesis activators 
AE-941 (Neovastat™) Aeterna Phase III 
Rh anti- VEGF-Mab Genentech Phase I-

III 
Alpha-Interferon Schering-Plough Phase II-

III 
VEGF-Trap Regeneron Pharm. Inc. Phase I 
ZD6474 AstraZeneca Phase II 
   
Inhibitors of endothelial-specific integrin/survival signalling 
Medi-522 (Vitaxin™ ) Ixsys Phase I-

II 
EMD 121974 Merck Phase I-

II 
 
Inhibitors of multiple functions or unknown mechanism 
Carboxyaminotriazole (CAI) NCI Phase I-

III 
Interleukin-12 Hoffman Laroche Phase I-

II 
Celecoxib (Celebrex®) Pfizer Phase I-

II 
Rofecoxib (VIOXX®) Merck Phase III 
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 Old drugs in angiogenesis inhibition 
 
“ Why are things as they are and not otherwise?” Johannes Kepler 1571-1630 
 
In this thesis the term “old drugs” refers to drugs that primarily were developed 
for another purpose than angiogenesis inhibition. One new way of using these 
old drugs, such as chemotherapeutic agents, would be to combine them with 
specific angiogenesis inhibitors. Pre-clinical tests of combinations of 
angiogenesis inhibitors and cytotoxic drugs have shown that angiogenesis 
inhibitors can act as effective adjuvants in improving the efficacy of the 
chemotherapeutic drugs. The angiogenesis inhibitory combination of TNP-470 
and minocycline can potentiate the effects of DNA- targeting treatments such as 
cyclophosphamide, adriamycin, cisplatin, 5-fluorouracil, and radiotherapy. This 
combination increases growth delay in both in vitro and in vivo models, reduces 
Lewis lung carcinoma metastases in mice, and results in a 40-50% cure rate in 
the animals (Teicher et.al. 1995, Teicher et al. 1996, Kakeji and Teicher 1997). 
Furthermore, pre-treatment with angiogenesis inhibitors increases the uptake of 
the small lipophilic DNA binding dye Hoechst 33342, and decreases the tumor 
hypoxic fraction of tumor xenografts (Teicher et al. 1995, Teicher et al. 1996, 
Kakeji and Teicher 1997). The combination of the angiogenesis inhibitor TNP-
470 and cyclophosphamide effectively eradicates drug resistant Lewis lung 
carcinoma in mice, and a VEGFR-2 antibody together with vinblastine causes 
regression of neuroblastomas without toxicity (Browder et al. 2000, Klement et 
al. 2000). Clinical phase III combination trials are taking place in the United 
States for AG 3340 and carboplatin/paclitaxel or gemcitabine/cisplatin; and 
there are phase I-II combination studies of squalamine and chemotherapeutic 
drugs for treatment of the most common form of lung cancer, non-small cell 
lung carcinoma (NSCLC). Another clinical trial of an angiogenesis inhibitor in 
combination with a chemotherapeutic drug is that of thalidomide plus 
carboplatin for treatment of glioblastoma multiforme (Deplanque and Harris 
2000).  
 
When the dosing schedule is changed, some old chemotherapeutic drugs have 
recently been found able to act as angiogenesis inhibitors (metronomic 
scheduling; Bocci et al. 2002). In fact, some of the initial, rapid effects of 
chemotherapeutic drugs may be due to angiogenesis inhibition. Metronomic 
scheduling of chemotherapeutic drugs could be beneficial in reducing the 
toxicity of the drug and might even overcome multi-drug resistance (Browder et 
al. 2000, Klement et al. 2000). By combining the use of specific angiogenesis 
inhibitors with metronomic scheduling of chemotherapeutic agents, the duration 
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of the angiogenesis inhibition may be lengthened (Kim et al. 2002a, Soffer et 
al. 2001) 
 
In addition some old drugs can have a potential as an angiogenesis inhibitor 
themselves. A number of old drugs have re-attracted scientific attention as 
potential angiogenesis inhibitors. Thalidomide, a sedative and anti-emetic drug, 
is a potent teratogen which caused amelia or dysmelia in infants whose mothers 
had ingested the drug during early pregnancy. It has now regained interest as an 
angiogenesis inhibitor (D’Amato et al. 1994). Clinical trials of thalidomide as 
treatment mainly of multiple myeloma and Kaposi’s sarcoma are currently 
being conducted. Interferon alpha is another drug of interest; it has been used in 
the treatment of hepatitis and leukemia and currently is in phase III trials for 
cancer, partly because of its properties as an angiogenesis inhibitor. A third 
group of drugs of interest in cancer is the group of anti-inflammatory 
cyclooxogenase-2 (COX-2) inhibitors, such as celecoxib and rofecoxib. They 
inhibit angiogenesis by a direct effect on endothelial cells (Jones et al. 1999). 
COX inhibitors are able to inhibit tumor growth and angiogenesis in xenograft 
models and are currently being tested in phase III trials (Mohammed et al. 2002, 
Sawaoka et al. 1999). A number of chemotherapeutic agents have also been 
suggested as possible angiogenesis inhibitors. To determine whether the effect 
of the drug is truly antiangiogenic or, rather, cytotoxic is difficult, since there is 
no clear definition of an angiogenesis inhibitor. A few criteria were recently 
proposed (Table 3). 

 
Table 3. Criteria for a drug to be considered as an 
angiogenesis inhibitor 
(after Miller et al. 2001) 

•  Endothelial cell specificity  
•  Interference with endothelial cell 

function 
•  Interference with angiogenesis 

mechanisms 
•  Inhibits angiogenesis in vivo 
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The mouse as an in vivo model of neuroblastoma 
 
“It has recently been discovered that research causes cancer in rats” Unknown 
 
In vivo xenograft models are of great importance in the development and testing 
of new therapies for neuroblastoma, since the low incidence of neuroblastoma 
impedes clinical trials of multiple new drugs. Some criteria for an ideal murine 
disease model have been proposed (Table 4, modified from Beltinger and 
Debatin 2001, Kerbel 1999, Rosenberg et al. 1999, Killion et al.1999).  
 
 
 

Table 4. Proposed criteria for an ideal murine disease model 
•  The genetics of the model should represent the genetics of the 

disease  
•  The histology of the model should resemble the clinical histology 
•  The development of the tumors should occur at the same time in 

different animals, at a high frequency, and in regions easily 
accessible for diagnosis and therapy. 

•  The model should be orthotopic to the human tumor. 
•  The metastasis pattern should resemble the clinical situation. 
•  The therapeutic response in the model should be similar to that 

of clinically well-documented treatments.   
 
To date, however, no neuroblastoma model has met all these criteria (Fig. 2). 
The neuroblastoma model used in the present work is based on human SH-
SY5Y neuroblastoma cells xenografted to NMRI nunu mice. The SH-SY5Y cell 
line derives from a lethal, primary thoracic neuroblastoma tumor (Biedler et al. 
1973). SH-SY5Y cells, like most neuroblastoma tumors, do not exhibit 
amplification of the proto-oncogene MYCN and are thus not suitable for studies 
of MYCN-targeted treatments. However, MYCN amplification is associated 
with a poor prognosis, more aggressive tumor growth, and increased 
angiogenesis in patients (Ikeda et. al, 2002, Ribatti et. al, 2002). 
Subcutaneously xenografted SH-SY5Y tumors in nude rodents are 
histologically human neuroblastomas, which grow aggressively, are angiogenic, 
and respond well to treatment with angiogenesis inhibitors (Wassberg et al. 
1997, 1999). The tumors occur at approximately the same time and at a high 
frequency and reproducibility.  



These subcutaneous tumors do not metastasize in nude mice or rats. There are a 
few models with a metastasizing pattern resembling the clinical disease 
(Khanna et al. 2002). However, to obtain a metastasizing model the tumor cells 
have to be injected intravenously (Turner et al.1990, Bogenmann 1996) or 
orthotopically, in SCID mice. It has been argued that metastasizing models 
resemble the late stage of the disease (Beltinger and Debatin 2001). The sites of 
the metastases also tend to differ from those in the clinical disease. Another 
problem with a metastasizing model is the difficulty in measuring the total 
tumor burden, which can easily be assessed with a caliper in the SH-SY5Y 
subcutaneous (s.c) non-metastasizing model. We conclude that our animal 
model, despite its discrepancies from clinical neuroblastomas, is reproducible 
and relevant. 
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Fig. 2 Example of proposed criteria for an ”ideal ”neuroblastoma mouse
model 
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Aims of the investigation 

“A good traveler has no fixed plans and is not intent on arriving” 
 LaoTzu 570-590 B. C. 
 

The general aim of this study was to investigate the potential of “old drugs” as 
angiogenesis inhibitors in neuroblastoma.  
 
The specific aims were: 

•  to investigate the efficacy of angiogenesis inhibition induced by 
the two well-characterized angiogenesis inhibitors SU5416 and TNP-
470 in the SH-SY5Y mouse model of neuroblastoma; 

•  to study the efficacies of the chemotherapeutic agent CHS 828 
and digoxin in inhibiting tumor growth and angiogenesis in the mouse 
model of neuroblastoma, when given alone; 

•  to test the efficacy of treatment with TNP-470 and SU5416 in 
combination with the chemotherapeutic agent CHS 828 in the mouse 
model.  
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Materials and methods 

“The thing about good ideas is that they soon degenerate to hard work” 
Unknown 
 

Test substances 
The drugs investigated were the angiogenesis inhibitors TNP-470 (a kind gift 
from Takeda Chemical Industries Ltd., Osaka, Japan), SU5416 (a kind gift from 
Sugen Inc., South San Francisco, CA), the chemotherapeutic agent CHS 828 
(N-(6-chlorophenoxyhexyl)-N’-cyano-N’’-4-pyridylguanidine, (a kind gift from 
Leo Pharmaceutical Products, Ballerup, Denmark) and the cardiac glycoside 
digoxin (Digoxin NM Pharma, NM Pharma AB, Stockholm, Sweden). These 
drugs were chosen to represent different kinds of drugs with different 
mechanisms of action. TNP-470 inhibits endothelial cell proliferation (Kusaka 
et al. 1994), and SU5416 blocks downstream signaling from VEGF receptor-2 
(Fong et al. 1999). CHS 828 belongs to a new class of chemotherapeutic drugs, 
the pyridyl cyanoguanidines. It has potent anti-tumor activity both in vitro and 
in vivo (Hjarnaa et. al 1999). Cardiac glycosides such as digoxin and the 
structurally related compound digitoxin have been reported to inhibit growth of 
multiple tumor cell types in vitro and seem to have a favorable effect in breast 
carcinoma (Haux 1999, Stenkvist 1999, Johansson et al. 2001). Their 
mechanism of tumor inhibition has not been fully investigated, however.  

The mouse model of tumor growth and angiogenesis 

inhibition 

A reproducible experimental neuroblastoma model for studies of growth and 
angiogenesis inhibition was first presented by Wassberg et al. 1997, using nude 
rats. In order to increase the number of animals in each group and to facilitate 
molecular analyses, we later changed to nude mice. Tumor cells are injected s.c. 
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in NMRI nunu mice, and when the tumor has grown to a size of approximately 
0.3 ml, the animals are randomized into different treatment groups and control 
groups, and treatment begins. The tumor is allowed to grow to a maximum 
volume corresponding to approximately 10% of the body weight of the animals. 
The animals are then euthanized, and blood is drawn from the right ventricle. 
Thereafter the whole body is perfused with 4% paraformaldehyde in phosphate 
buffer through a cannula inserted into the aorta. The tumors are excised, placed 
in 4% paraformaldehyde, dehydrated and embedded in paraffin.  
 
This model makes it possible to study different kinds of tumors in vivo, 
permitting monitoring of real-time treatment effects, toxicity and systemic 
effects of a substance. It also allows studies of treatments with combination of 
angiogenesis inhibitors and chemotherapeutic drugs in vivo. There are no 
metastases in our model, which in this context is an advantage, since it is easy 
to measure the whole tumor burden without surgery or imaging techniques. We 
have mainly used SH-SY5Y neuroblastoma cells, but we have also used murine 
Lewis lung carcinoma cells and human colonic carcinoma LS 174T cells to 
produce the in vivo tumors. Recently, however, we have established models for 
MYCN amplified neuroblastoma using the human cell line IMR 32 and Kelly 
(Fig. 3), with a tumor formation frequency of 91% and 62% respectively. The 
NMRI nunu strain was chosen since xenografted tumors do not form metastases 
and the strain has a high success rate in the formation of tumors. The mice are 
T-cell -deficient but can develop immunity with maturation. We choose to use 
relatively young animals to prevent this from happening and to be able to study 

the effects of the treatment on animal growth. 
 

a ba ba b

Fig. 3 Staining of blood vessels by BS-1, in xenografts from two MYCN amplified 
neuroblastomas. (a) Kelly and (b) IMR-32. Magnification 200x and bar 50 µm 
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Avian model of angiogenesis in vivo 
By opening a window in the shell of fertilized chicken eggs, the vascularized 
chorioallantoic membrane (CAM) is exposed (Friedlander et al. 1995). A filter 
paper, soaked in the drug of interest, is placed on the membrane and incubated 
for three days. The membrane is then cut out, and the numbers of vessels or 
vessel branching points are quantified under a dissection microscope. The CAM 
assay was used for testing the angiogenesis inhibitory effect of digoxin (paper 
IV). 

In vitro model of angiogenesis 
Endothelial growth inhibition was studied in growth-stimulated bovine capillary 
endothelial cells (BCE) or human umbilical vein endothelial cells (HUVEC), 
plated on flat-bottomed 96-well microtiter plates containing the drugs of 
interest. The survival index (SI) of the cells in each well was measured after 72 
h. The number of viable cells is directly proportional to the fluorescence after 
hydrolysis of fluorescein diacetate (Larsson et al., 1992).  

Monitoring angiogenesis stimulators 
Blood samples from treated animals were analyzed for VEGF, FGF-2 and 
hepatocyte growth factor. These samples were compared with samples from 
tumor-free and tumor-bearing control animals. Human VEGF-A165, FGF-2 and 
HGF concentrations in plasma were measured with enzyme-linked 
immunosorbent assays (ELISA) according to the manufacturer’s instructions 
(Quantikine®; R&D Systems, Minneapolis, MN). To ensure detection of intact 
VEGF-A, western blots from sera were performed as described by Amaral et al. 
(2001), using the same antibody as the ELISA kit. 
 
The in vivo expression of VEGF-A in neuroblastoma tumors was also measured 
by in-situ hybridization on tissue sections. The template used for hybridization 
was a 740-bp BamHI, HindIII VEGFA165 cDNA fragment (kindly provided by 
Dr.Arne Östman, Ludwig Institute for Cancer Research, Uppsala, Sweden). β-
actin was used as a positive control and hybridization with the corresponding 
sense probe was used as a negative control. VEGFA165 protein was detected by 
the ABC/HRP method (K0355, Dako A/S, Glostrup, Denmark). The primary 
antibody (goat anti-human VEGFA165, R&D AB-293-NA) was applied. As a 
positive control, human fetal kidney was used, and omission of the primary 
antibody served as a negative control.  



Vascular counts 
Stereological quantification of vascular parameters was performed on 
hematoxylin and eosin stained tissue sections. The blood vessels are visible as 
punched-out holes in stained sections after perfusion fixation, and hence no 
specific endothelial cell marker was necessary (Fig. 4).  
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Staining specific for neuroendocrine and adrenergic cells, i.e., neuroblastoma 
cells, was done by chromogranin A (CgA) and tyrosine hydroxylase (TH) 
immunohistochemistry (Wassberg et al. 1997). The primary antibodies were 
monoclonal mouse anti-human CgA, No. 1199 021, and monoclonal mouse 
anti-TH, No. 1017381 (Boehringer Mannheim GmbH, Mannheim, Germany). 
Sections from human jejunum or pancreatic islet cells served as a positive 
control for CgA, and adrenal medulla for TH. Omission of the primary antibody 
served as a negative control. 
 
Apoptosis were determined by the TdT-mediated dUTP-biotin nick end labeling 
(TUNEL). The Apoptag® kit or the In situ Cell Death detection kit (Roche 
Diagnostics, Ingelheim, Germany) was applied according to the manufacturer’s 
instructions. As a positive control, DNAse I was added (20 min at 37°C) after 
blocking in hydrogen peroxidase, thus producing DNA breaks in virtually all 

  
Fig. 5.  Immunohistochemistry of neuroblastoma xenografts. (a) Apoptosis as 
determined by TUNEL. (b) Proliferation as detected by Ki67. (c) Tyrosine hydroxylase. 
(d) Chromogranin A. Magnification 200x in a, b, c and 400x in d. 
 

a b

c d
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cells.  

Stereological quantifications 

One observer quantified the tissue sections in a blinded fashion. Structures were 
counted at × 400 with an eyepiece grid (506800, Leica, Singapore) of 10 × 10 
squares (0.25 × 0.25 mm). The grid was placed at random at the upper left 
corner of a section, and then systematically advanced every 1 to 3 mm 
(depending on the tumor size) in both directions by use of the microscope’s 
goniometer stage. Morphological parameters from at least 25 grids were 
quantified for each tumor (Table 5). Areas with hemorrhage and apoptotic or 
necrotic cells were designated as non-viable and were excluded from analyses 
of other parameters (Wassberg et al. 1997), but were used for calculation of the 
viable tissue fraction. 

 
The fractions of CgA-, Ki 67-, and TUNEL-positive tumor cells were 
determined among 2,000 cells in each section.   

Statistical methods 
Data were processed in Statistica 5.0 for Windows (StatSoft Inc, Tulsa, OK) or 
GraphPad Prism® for Windows (GraphPad Software Inc, San Diego, CA). 
Differences between two groups were analyzed with the Mann-Whitney U test, 
and differences between several groups with the Kruskal-Wallis test followed 
by Dunn’s post test. Differences for which P<0.05 were considered statistically 
significant.  
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Table 5. Definitions of vascular parameters (Wassberg et al. 1999). 

Symbol Dimension Equation Definition 

Lv (ves) mm-2 

(frame)vc

(ves)
(ves) v

 x An
QΣ

x2 = L
 Length of vessels per 

tumor volume - length 

density 

Vv (ves) 1 

)pcg(vc 

)ves(
 (ves) v

P xn
PΣ

 =V  
Volume of vessels 

per tumor volume - 

volumetric density 

Sv (ves) mm-1 

)lig(vc

)ves(
 (ves)

xLn
IΣ

x2 =Sv  
Surface area of 

vessels per tumor 

volume - surface 

density 

đ (ves) mm 

π
a

x2 = d
(ves)

(ves)  
Mean section 

diameter of vessels 

The eyepiece grid was used as an unbiased counting frame, a point counting 

grid and a line intercept grid. Q (ves)= number of vessel profiles in one counting 

frame; nvc= number of grids with viable tissue in the uppermost square of the 

right; A (frame)= area of one counting frame; P (ves)= number of test points 

hitting vessels (any layer or lumen) in one point counting grid; P (pcg)= number 

of test points in one point counting grid; l (ves)= number of intersections with 

vessels in one line intercept grid; L (lig)= length of test lines in one line intercept 

grid; a(ves)= mean section area of vessels. 
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Results and discussion 

“The end of all our exploring will be to arrive where we started and know the 
place for the first time” T. S. Eliot 

Confirmation of angiogenesis inhibition induced by TNP-
470 and SU5416 on neuroblastoma xenografts  
The efficacy of angiogenesis inhibition caused by angiogenesis inhibitors alone 
(papers I and II) was investigated. We selected two well-characterized 
angiogenesis inhibitors, TNP-470 and SU5416, which represent two distinct 
mechanisms of angiogenesis inhibition. 

 

 

TNP-470 is a synthetic analog of the fungal antibiotic fumagillin, and inhibits 
endothelial cell migration and proliferation (Ingber et al. 1990, Kusaka et al. 
1991, Kusaka et al.1994, Antoine et al. 1994). It has been shown to inhibit 
tumor growth and metastasis in both murine tumors and human xenografts in 
vivo. It has also been found to reduce angiogenesis and to increase tumor 

Table 6. Percent change in tumor angiogenesis in the TNP-470 and SU5416 

treated tumors.  

 SU5416 

175 mg/kg/week 

(n=9/9) 

SU5416 

300 mg/kg/week 

(n=9/9) 

TNP-470 

105 mg/kg/week 

(n=10/10) 

Lv (mm-2) 

Vv (10-3) 

Sv (mm-1) 

-47 * 

-61 * 

-50 * 

-41 * 

-57 * 

-55 * 

-42 * 

-45 n. s 

-38 * 

Mean ± 1 S. D., Mann-Whitney U test where * P ≤ 0. 05. Lv= length of tumor 

vessels per tumor volume. Vv= volume of vessels per tumor volume. Sv= 

surface area of vessels per tumor volume. 



 21

necrosis in experimental neuroblastoma by increasing differentiation and 
apoptosis (“agonal differentiation”;Wassberg et al.1999). SU5416 is an 
angiogenesis inhibitor currently in phase III clinical trials. SU5416 inhibits the 
vascular endothelial growth factor signaling by acting as a VEGF receptor 2 
tyrosine kinase inhibitor. It is a selective ATP-competitive inhibitor of the 
kinase (Fong et al. 1999). Both drugs significantly inhibited the blood vessel 
growth (Table 6).  
 

Angiogenesis can be reduced without significant reduction of tumor 
growth (paper I) 
TNP-470 has been used successfully in studies of angiogenesis inhibition in 
neuroblastoma xenografts in our rat model. During an attempt to replicate these 
studies in our mouse model, no significant reduction of tumor growth was found 
(mean tumor volume in treated animals divided by mean of control tumors, T/C, 
day 18 of therapy = 0.69, P =0.20). Quantification of vascular parameters 
surprisingly showed significant inhibition of blood vessel growth.  TNP-470 
reduced angiogenesis, in consistency with our results in rats (Wassberg et al. 
1997), but it had no significant impact on net tumor growth. Nor did it have any 
significant effect on tumor necrosis, apoptosis, or proliferation. Further, the 
serum levels of FGF-2 and VEGF did not differ between the controls and 
treated animals. How can there be a substantial reduction in blood vessel 
density without the tumor growth being affected?   
 

Our proposed answer is that if the angiogenesis is greater than the metabolic 
demand, a tumor will exhibit a rapid decrease in vessel density until equilibrium 
is reached (Hlatky et al. 2002). This concept may explain why the TNP-470 
treated tumors showed significantly reduced vessel parameters while the tumor 
growth was only moderately affected. It has also been shown that VEGF can 
upregulate bcl-2 expression in neuroblastoma cells and protects them from 
apoptosis (Beierle et al. 2002). It is possible that VEGF protects the tumor cells 
from apoptosis when a non-VEGF -targeting treatment approach is used, in 
contrast to SU5416 therapy. This concept would imply that clinicians should be 
cautious in using microvessel density as a surrogate marker of the response to 
angiogenesis inhibitors in patients, as tumor regression may not be seen until 
after further therapy (Hlatky et al. 2002).  
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Importance of VEGF-A in the progression of experimental 
neuroblastoma (paper II) 
A variety of human tumors express VEGF and its receptors. VEGF is 
considered to be one of the key mediators of angiogenesis (Ferrara and Alitalo 
1991, Dvorak et al. 1995, Klagsbrun and Soker 1993).  Our SH-SY5Y 
neuroblastoma xenograft model expresses VEGF-A on both the mRNA (Fig. 6) 
and protein levels. The plasma concentrations of VEGF-A are elevated in 
animals with neuroblastoma tumors with a volume of more than 1.4 ml, and 
there is a correlation between VEGF-A levels in plasma and neuroblastoma 
tumor size. Treatment with SU5416 reduced the growth of neuroblastoma 
tumors by 65% without apparent systemic toxicity. SU5416 treatment also 
suppressed tumor angiogenesis. An increase in plasma VEGF-A levels per 
milliliter tumor volume was observed during therapy. The increase in VEGF 
indicates that the angiogenesis inhibition was successful, since up-regulation of 
VEGF often occurs with increasing tumor hypoxia (Rössler et al. 1999). The 
persistence in tumor growth despite successful inhibition of angiogenesis may 
be explained by host vessel cooption (Holash et al. 1999a, 1999b). It has been 
suggested that xenograft models of neuroblastoma are dependent on such 
cooption in the early stages of tumor growth, and that if VEGF is only partially 
inhibited the tumor may evade the effects of angiogenesis inhibition treatment 
(Rowe et al. 2000, Kim et al. 2002b). 
 

Discovery of a new use for old drugs 
CHS 828 is a potent inhibitor of neuroblastoma growth (paper III) 

Fig. 6. In situ VEGF expression in SH-SY5Y neuroblastoma xenografts treated with 

SU5416. (a) Light field, (b) dark field. Magnification x 250

a b

Fig. 6. In situ VEGF expression in SH-SY5Y neuroblastoma xenografts treated with 

SU5416. (a) Light field, (b) dark field. Magnification x 250

a b
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Recently, it has been suggested that chemotherapeutic drugs can inhibit 
angiogenesis when given at a non-toxic dose at a frequency sufficient to keep 
the blood concentration of the drug fairly constant. These drugs may still be 
toxic to tumor cells, in addition to their inhibitory effects on angiogenesis and 
endothelial cell proliferation. The tumor cell toxicity is probably also an 
important effect when the drugs are given at high doses. If the drugs are given at 
low doses and at short intervals, the tumor vasculature - with its proliferating 
endothelial cells  - may be targeted directly. Endothelial cells have a stable 
genome, and thus multi-drug resistance will be avoided (Browder et al. 2000). 
We therefore decided to test a new chemotherapeutic drug, CHS 828, to see 
whether it could reduce the growth of neuroblastoma tumors and angiogenesis 
in our neuroblastoma xenograft model when given at a low dose on a daily basis 
(paper III).  
 

CHS 828 belongs to a new class of chemotherapeutic drugs, the pyridyl 
cyanoguanidines. It has potent anti-tumor activity both in vitro and in vivo. It 
shows low correlation with the activity patterns of known chemotherapeutic 
drugs, and with known patterns of multi-drug resistance (Hjarnaa et al. 1999). 
Interestingly, CHS 828 has structural similarities to the catecholamine precursor 
metaiodobenzylguanidine (MIBG), which is known to accumulate in 
neuroblastomas and is used for imaging and radiotherapy (Montaldo et al. 1991, 
Troncone and Rufini 1997). Furthermore, CHS 828 and MIBG seem to have 
some comparable potency in inhibition of mitochondrial respiration, with an 
increase in glycolysis and the acidification rate after treatment of tumor cells in 
vitro (Ekelund et al. 2000).  
 

In our neuroblastoma model, CHS 828 at a sub-toxic dose caused a total tumor 
regression in 4/9 animals, with a T/C ratio of 0.18 at day 18 of treatment. Thus 
CHS 828 proved to be highly effective in treatment of neuroblastoma xenograft 
tumors. The issue of angiogenesis inhibition proved to be more difficult to 
assay, on account of the limited access to evaluable tumor samples because of 
tumor regression. However, although not significant, there was a tendency to a 
decrease in vascular parameters in the CHS 828 -treated tumors.   
 

We also tested CHS 828 treatment at a dose of 20 mg/kg q.o.d. for five days 
only. We found that five days’ treatment caused a 29% reduction in tumor size 
compared to the initial value. The tumors were small and pale in appearance 
(Fig. 7a). Histologically a massive cell death was observed in treated tumors 
(Fig. 7 b,c, in preparation).  
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Combination treatments of neuroblastoma (paper III) 
Clinical trials with angiogenesis inhibitors as adjuvants to chemotherapeutic 
drugs are currently in progress (Deplanque and Harris 2000).  In pre-clinical 
tests, combination therapy has proven successful in treatment of multi-drug 
resistant tumors, and has enhanced the efficacy of the chemotherapeutic drug 
alone (Kakeji and Teicher 1997, Browder et al. 2000, Klement et al. 2000) . 
When we combined CHS 828 with TNP-470, complete tumor regression was 
observed in 5/10 animals (compared with 4/9 animals with CHS 828 treatment 
alone). Also, tumor regression began earlier. The T/C ratio was only 0.08, 
which meant a further regression of more than 10% compared to that with CHS 
828 alone. Thus TNP-470 seems to increase the efficacy of CHS 828 treatment 
(paper III). 
 
When SU 5416 was combined with CHS 828, complete tumor regression was 
observed in 4/9 animals (paper III). Tumor regression also began at an earlier 
time point than with CHS 828 alone. T/C ratio was decreased by 3% compared 
to that when CHS 828 was given alone. It was also noted that both CHS 828 
alone and CHS 828 plus angiogenesis inhibitors increased the plasma VEGF 
levels per milliliter tumor, whereas SU5416 alone did not. It is suggested that 
the increase in VEGF release per millilitre tumor caused by combination 
therapy is partly due to enhanced tumor cell lysis, and partly by hypoxic mRNA 
up-regulation (Rossler et al. 1999).  
 

Fig. 7. (a) Gross appearance of control tumors (above) and CHS 828 -treated 
tumors (below) at  
day 5 of treatment. (b) SH-SY5Y control tumor day 5 of treatment  (c) CHS828 -
treated SH-SY5Y tumor at day 5 of treatment. Magnification x 100 in b and c, 
bar 50µm.  

 

a b c
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The issue of why a chemotherapeutic drug is more effective when given in 
combination with an angiogenesis inhibitor is poorly understood. Since drug 
resistance is associated with tumor hypoxia , it seems reasonable to assume that 
an inhibitor of tumor angiogenesis will further increase tumor hypoxia and 
thereby reduce the efficacy of a chemotherapeutic drug. The published data , 
however, suggest that an angiogenesis inhibitor decreases the interstitial tumor 
pressure and increase the efficacy of a chemotherapeutic drug (Lee et al. 2000, 
Drevs 2000, Pietras et al. 2001, Jain 2001). The question of when the 
angiogenesis inhibitor should be included in combination therapy also remains 
to be investigated. Furthermore, what drugs should be combined? There are a 
vast number of angiogenesis inhibitors under development and an equally vast 
number of chemotherapeutic drugs on the market. Tumors are less oxygenized 
than normal tissue and endogenous angiogenesis inhibitors such as endostatin 
are down-regulated by hypoxia, whereas angiogenesis stimulators such as 
VEGF are up-regulated (Rossler et al. 1999, Wu et al. 2001). We hypothesize 
that a chemotherapeutic agent that is equally or more potent when the oxygen 
levels are decreased should be a good choice for combination studies. This led 
us to establish a fast and easy in vitro model for studying the toxicity of drugs 
during changes of oxygen levels (in preparation). We found that the 
neuroblastoma cell sensitivity to most standard chemotherapeutics drugs as well 
as to CHS 828 was unaffected by a reduced oxygen tension (Table 7).  
 

 
Table 7. Percent changes in IC50 values of cytotoxic drugs when tested on SH-

SY5Y and SK-N-AS neuroblastoma cells on changing from a condition of high 

oxygen (20%) to low oxygen (1%). 

 SH-SY5Y SK-N-AS 

Vincristine 26 -70 

Topotecan 68 71 

Etoposide 58 91 

Melphalan 78* 20 

CHS 828 20 50 

Digoxin 21 -7.1 

SR 4233 (positive control) -49* -77* 

* P<0.05 Mann-Whitney U test 
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Discovery of digoxin as an angiogenesis inhibitor (paper IV) 
We have screened a number of drugs with various uses for inhibition of growth 
stimulated bovine capillary endothelial cells. Digoxin showed potency as an 
angiogenesis inhibitor in this assay (Olausson et al., in preparation). We also 
found that digoxin could inhibit angiogenesis in the CAM assay.  Digoxin 
inhibited neuroblastoma growth in our xenograft model, with a T/C of 0.56. The 
in vivo growth of colon cancer and Lewis lung carcinoma was moderately, but 
not significantly affected. In vitro experiments showed that human cells were 
much more sensitive to digoxin than murine cells, and neuroblastoma cells 
more sensitive than endothelial cells. Thus, digoxin is an unspecific inhibitor of 
angiogenesis but a specific inhibitor of neuroblastoma growth. The reason for 
this selectivity remains to be investigated. In conclusion, cardiac glycosides 
make an interesting basis for development of new anticancer drugs. 
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Conclusions 

1. Our in vivo neuroblastoma SH-SY5Y/NMRI nunu xenograft model is 
relevant and reproducible, permitting analysis of tumor growth, tumor cell 
dynamics, and tumor angiogenesis. 

2. Our experimental neuroblastomas express the angiogenesis stimulator 
VEGF on both the mRNA and protein levels. Hence it is a useful model for 
interference with the VEGF signalling system. 

3. The angiogenesis inhibitor SU5416 acts by inhibiting VEGF signalling and 
after two weeks of treatment with this agent experimental neuroblastoma 
growth is reduced by 65% of therapy. 

4. The angiogenesis inhibitor TNP-470 can significantly reduce tumor 
angiogenesis without significantly reducing the tumor growth rate, indicating 
that there is a threshold limit of angiogenesis reduction in our neuroblastoma 
model before tumor growth reduction is apparent. 

5. The new chemotherapeutic CHS 828 can induce total tumor regression in 
experimental neuroblastoma at a subtoxic dose given orally on a daily basis. 
As early as after five days, CHS 828 had caused a reduction of the initial 
tumor size by 29 %. The effect of CHS 828 is potentiated by addition of the 
angiogenesis inhibitor TNP-470 or SU5416.  

6. Two new mechanisms of action of digoxin were discovered, namely an 
unspecific reduction of angiogenesis and a specific reduction of 
neuroblastoma growth.  
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General discussion and future perspectives 

“Today we have to use tomorrow’s solutions to today’s problems” 
Richard Norman 
 

There is a wealth of evidence to indicate that tumor growth and spread are 
angiogenesis dependent. The angiogenic growth factors responsible for 
progression of clinical neuroblastoma still remain to be identified. Several 
observations point to VEGF-A as a key mediator. VEGF-A is present in 
primary neuroblastomas and in neuroblastoma tumor cell lines. It is not clear, 
however, whether VEGF-A correlates or not with the clinical stage or with 
MYCN amplification and other prognostic factors (Meitar et al. 1996, Rossler 
et al. 1999, Eggert et al. 2000, Komuro et al. 2001). Only a few other 
angiogenic growth factors and their role in neuroblastoma progression have 
been investigated. For example VEGF-C, and FGF-2 seem to be expressed by 
neuroblastomas, but do not correlate with neuroblastoma stage (Eggert et al. 
2000, Komuro et al. 2001). Thus, with more than 18 known angiogenic growth 
factors, it is important that their role in the progression of clinical 
neuroblastoma is investigated.  
 
In our model we have mainly investigated the expression of VEGF-A in tumor 
tissue and plasma samples. We have looked for, but not found, correlations of 
tumor progression withexpression of FGF-2 and HGF in tumor tissue and 
plasma. It is possible that other angiogenic growth factors are secreted in 
neuroblastoma, and inhibition of their pathways would be even more effective 
than interference with the VEGF pathway. The most relevant angiogenic 
pathways in experimental neuroblastoma also need to be better characterized.  
 
Amplification of the transcription factor MYCN, which is considered to be a 
proto-oncogene, occurs in 20-25% of clinical neuroblastomas (Maris and 
Matthay 1999). MYCN overexpression correlates strongly with a poor 
prognosis. Our experimental model intentionally lacks MYCN expression, but 
we have just established an experimental model based on the human MYCN-
amplified neuroblastoma cell line IMR32, which induces reproducible tumor 
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take in nude mice. Such a model is also suitable for future studies of new, 
experimental therapies.    
 
In vivo models of metastatic neuroblastoma have been described (Khanna et al. 
2002). Such models are elegant, but a reproducible, intentionally non-metastatic 
subcutaneous model such as ours may be used first to determine the efficacy of 
a new therapy before a more expensive and cumbersome metastatic model is 
applied. Nevertheless, metastatic models are of considerable value in 
characterizing biological properties of new therapies.  
 
Another problem that needs further attention is how to decide which drugs 
should be combined in combination therapies. There are quite a few 
chemotherapeutic drugs, and all of them may not be suitable for combination 
studies. We suggest screening of chemotherapeutic drugs in vitro under hypoxic 
conditions to in order to identify candidate drugs. We hypothesize that if the 
tumor blood flow is restricted by angiogenesis inhibition, a chemotherapeutic is 
needed that is at least equally potent under hypoxic conditions will be required. 
However, the questions of what changes take place in the cellular 
microenvironment, oxygenization, and blood flow of tumors during 
angiogenesis inhibition needs further investigation.  
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Sammanfattning på svenska 

 
Neuroblastom är en barncancer som drabbar 10-15 barn per år i Sverige. Trots 
framgångar med intensiv cellgiftsbehandling och kirurgi, kvarstår en relativt 
hög dödlighet. Denna avhandling fokuserar på en helt ny typ av läkemedel, s.k. 
angiogeneshämmare. Dessa läkemedel hindrar tumörer från att bilda nya 
blodkärl och därmed stryps syre- och näringstillförsel till tumören. Dessa 
hämmare kan fungera på olika sätt. De kan dels direkt döda de celler 
(endotelceller) som bildar de finaste blodkärlen, kapillärerna. Dels kan de 
hindra tumörcellerna från att skicka ut tillväxtfaktorer. De kan också blockera 
mottagarmolekylerna för dessa tillväxtfaktorer på endotelcellerna och därmed 
förhindra nybildning av blodkärl. Det finns i dag ett 20-tal angiogeneshämmare 
som prövas på patienter både i Europa och i USA. I denna avhandling 
undersöktes effekterna av två av dessa angiogeneshämmare, TNP-470 och SU 
5416, i en djurexperimentell modell för neuroblastom. Vi fann att 
neuroblastomen uttryckte den tillväxtfaktor (VEGF) vars mottagare på 
endotelceller SU 5416 hämmar. Vi fann också att SU5416 hämmade 
neuroblastomtillväxten med 65 % utan biverkningar. TNP-470 förhindrar 
tillväxt av endotelceller, men när vi testade denna substans fann vi överraskande 
nog att blodkärlnybildningen hämmades med ca 40% utan att någon hämning av 
tumörtillväxten skedde. Detta tyder på att det finns ett tröskelvärde för hur 
mycket blodkärlnybildningen måste hämmas innan tumörtillväxten bromsas. Vi 
fann också att dessa substanser med fördel kunde kombineras med det nya 
cellgiftet CHS 828, som i sig kunde bota bortåt hälften av neuroblastomen. Ett 
gammalt beprövat läkemedel mot hjärtsvikt, digoxin, visade sig också kunna 
hämma blodkärlsnybildning och tillväxt av neuroblastom med 44%. Detta nya 
fynd öppnar en möjlighet för att använda digoxin som en modell för utveckling 
av nya angiogeneshämmare.                              
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