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ABSTRACT 
 

Background Solid tumors have high interstitial fluid pressure, IFP. This cause a dramatic loss in uptake 

of anti cancer drugs with poor clinical outcome as result. Treatment with PDGF-receptor antagonist STI-

571 lowers tumor IFP and enhances uptake of small compounds. Elevated transvascular transport as result 

of a lowering in IFP thereby predicts less hypoxia intratumoral. Elevated oxygen levels in tumors 

enhances further therapeutic outcome from radiation therapy and treatment with Radio labeled antibodies. 

The Purpose was to investigate if treatment with STI-571 a high Mw compound, cytotoxic antibody 

Herceptin. Further aim was to investigate the use HIF-1α as a marker for hypoxia in solid KAT-4 tumors. 

A functional hypoxia marker can further be used in other IFP and cancer research fields. 

Methods Fox chase SCID mice were injected with BT-474. STI-571 was administrated 3 days prior 
3
H-

Taxol injection, 
3
H-Taxol was measured in tumor and blood after 24 hours. Hypoxia was measured and 

compared by immunohistochemistry with HIF-1α monoclonal antibody on KAT-4 tumors treated with 

STI-571and untreated controls. IFP was measured in STI-571 treated animals. 

Results STI-571increases uptake of 
 3
H-Taxol in BT-474 breast carcinomas. HIF-1α expression is slightly 

decreased in STI-571 treated KAT-4 tumors.  

Conclusions Measuring hypoxia through HIF-1α expression in tumor sections can be applied, but further 

optimization of protocol is needed. IFP lowering treatment with STI-571 probably affects the uptake of  
3
H-Taxol in BT-474. These minor experiments confirm the theory of elevated uptake and support the 

suggestions that combination treatment with STI-571and 
3
H-Taxol improves clinical outcome in tumor 

therapy. 
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SAMMANFATTNING 

 

Cancer är en av vår tids stora utmaningar. Det drabbar bägge könen och alla åldrar med 

lidande och död som resultat. Det finns hundratals olika cancerformer, alla med mer eller 

mindre olika verkningssätt, och det kommer sannolikt aldrig att finnas en ensam bot mot 

alla tumörsorter. Vissa saker är dock gemensamma mellan de olika cancerformerna. Inuti 

tumörer är trycket ofta kraftigt förhöjt. Detta leder till att näring, syre men även t ex 

läkemedel får det mycket svårt att kunna komma in tumören. Högt tryck i tumören leder 

till att smärtsamma behandlingar av cancerpatienter blir verkningslösa. Om man skulle 

kunna sänka trycket i tumörerna så att behandlingen kan nå ända in, skulle behandlingen 

och prognosen bli bättre. En ökad syrenivå i tumören leder dessutom till en ökad effekt 

vid strålbehandling. Man känner i dag till ett flertal ämnen som kan sänka trycket. Ett 

godkänt läkemedel, Glivec, med den aktiva substansen STI-571, verkar specifikt på den 

s.k. PDGF-receptorn. STI-571 behandling har visat sig kunna sänka trycket markant. 

Cellgiftsbehandling tillsammans STI-571 har också gett goda resultat med över fyra 

gångers ökning av cellgiftskoncentrationen i tumören samt en markant tillbakagång av 

tumörtillväxten. Vad som ännu inte är riktigt undersökt är huruvida upptaget av större 

molekyler ökar vid kombinationsbehandling med STI-571. Projektet syftade till att 

undersöka upptaget av stora molekyler i form av antikroppar vid en 

kombinationsbehandling med STI-571. Antikroppar är mycket specifika till det de binder 

till och är framtidens stora läkemedelsform. 

Upptagsstudien kom emellertid i stället att omfatta ett annat läkemedel mot cancer, 

Taxol. Projektet syftade även till att skapa en markör och detektionsmetod för att mäta 

syrebrist i tumörer. Högt tryck antas korrelera med syrebrist i tumören och med en 

fungerande detektionsmetod för proteinet HIF-1α, som ökar vid syrebrist, kan man även 

undersöka effekten av bland annat trycksänkande läkemedelsbehandlingar. Vid 

upptagningsstudien av Taxol visades ett ökat upptag vid STI-571 behandling gentemot 

den obehandlade kontrollen. Vidare gav studien av syrebristmarkören HIF-1α en trend 

som visade åt en minskad syrebrist hos de STI-571 behandlade mössen. 
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1. ABBREVIATIONS 

 

 

3
H-Taxol  Tritium labeled Taxol 

AB   Antibody 

BT-474  Human breast carcinoma 

IG-like   Immunoglobulin like 

HIF-1α   Hypoxia inducing factor 1-α 

IFP   Interstitial fluid pressure 

IHC   Immunohistochemistry 

Kat-4   Human anaplastic thyroid carcinoma 

kDa   Kilo Dalton 

PDGF   Platelet-derived growth factor 

PI3K   Phosphatidylinositol 3´-kinase 

PO2   Partial pressure for oxygen  

PTB   Phosphotyrosine binding 

SCID   Severe combined immuno-deficiency 

SH-2   Src homology 2 

STI-571  Tyrosine kinase antagonist, Gleevec
® 

VEGF   Vascular endothelial growth factor 
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2. INTRODUCTION 

 

 

2.1 Cancer 

 

Cancer is a disease that can strike anyone regardless social or economical group. It is 

impossible to fully protect yourself against the disease and it causes a lot of suffering. 

Cancer development is a multi step process and is referred to as dynamic changes in the 

genome. [Hanahan 2000] To fully possess a malignant state, the cell needs to escape the 

defense mechanisms in the human body. Over 100 different cancer forms are known and 

all with more or less different patterns and mechanisms of action. [Hanahan 2000] 

 

Hence, there is not only one way to cure cancer. But there are some properties that 

several cancer forms have in common. When cancer develops, it is very often occurring 

in a late period of life. Destruction and breakdown of the genome is the reason. The 

breakdowns cause point mutations, deletions or changes in sequence. But one single point 

mutation on the genome does not cause cancer. [Renan 1993] Furthermore the mutations 

have to be located in coding regions of specific regulatory genes, involved in 

proliferation or division of the cell. 

 

Several essential properties have to be fulfilled before a cell can become malignant. 

Mutations in the genome that leads to either gain of function or a loss of function of 

important regulating components are those who are highly responsible for cancer 

development. The human body has a complex and very effective defense system against 

cancer progress. 

 

Previous studies suggest that 6 distinct characteristics are needed in the cell, to fully 

become malignant. [Hanahan 2000] These characteristics are described in the following 

sections. 
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2.1.1 Self sufficiency of growth signals 

 

A cell needs specific growth signals to survive and proliferate. A step towards 

independency and malignancy for the cell is to provide their own growth signals. Many 

oncogenes act like growth signals. An example of a growth signal molecule is platelet 

derived growth factor, PDGF. PDGF binds to the PDGF-receptor, a tyrosine kinase 

receptor. Activation of the receptor induces intracellular growth- and proliferating signals. 

Overexpression of the receptor will give enhanced signals for cell division and 

proliferation. 

 

 

2.1.2 Insensitivity to anti-growth signals 

 

Anti growth signaling for cell growth and proliferation is a very important feature needed 

to control homeostasis in vivo. Evading this system is essential for malignancy. This 

normal suppressing system consists of two basic mechanisms:  

a. Actions that direct the cell into G0. b. Actions that induce the cells to post mitotic state 

and thereby promote for cellular quiescence. For example, mutations in the pRb tumor 

suppressor gene often generate insensitivity to the normal anti growth signals. Loss of 

function of pRb leads to loss of growth inhibition and a further step towards malignancy. 

 

 

2.1.3 Evading apoptosis 

 

Apoptosis or programmed cell death is a way for the body to remove cells that are 

unviable and damaged or disrupted in one way or another. This defense system is central 

for survival of the organism. Division and spreading of disrupted cells are hazardous to 

life. Evading this defense system is essential for the survival of tumor cells.  
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Different mutations in apoptosis regulating genes result in impairment or complete 

dysfunction of apoptosis function. p53 tumor suppressor gene is one very important 

protein in regulation and control of apoptosis. Mutations in the p53 gene generate a loss 

of function of the pro apoptotic properties and thereby the cells are not capable of 

undergoing apoptosis. As a result, these cells will evade the defense mechanisms and 

continue to grow even if errors appear that normally would induce apoptosis of the cell. 

 

 

2.1.4 Limitless replicate potential 

 

Fundamental properties of how many times a single cell can be divided are essential. 

Normal cells can only divide for a maximum of 60-70 times. Each cell division results in 

loss of 50-100 bases from both ends of the chromosome, called the telomere. These 

telomeres consist of tandem repeated DNA sequences, and contain no genes. They are 

used as a starting lane for the DNA-polymerase in the replication process. 

 

After 60-70 divisions, the loss of genetic material is severe enough to result in not fully 

functional products. This will force the cell in to G0-state and cause cell arrest. Cells that 

can divide limitless have an enzyme called telomerase. Telomerase acts like a bridge on 

the telomere for the polymerase and thereby spare the genome from loss of bases every 

time the cell is divided. Telomerase activity is essential for developing a malignant cell. 

 

 

2.1.5 Sustained angiogenesis 

 

Solid tumors need a constant supply of nutrients and oxygen. Tumors can not grow 

bigger than a few millimeters in diameter without a support of neovascularization. The 

amount of angiogenesis is a result of the balance between activators and inhibitors of 

vessel formation. Vascular endothelial growth factor, VEGF, is one of many potent 

activators of angiogenesis, and thrombospondin-1 is an example of an inhibitor. 
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Mutations in these types of genes also cause gain of function or loss of function that can 

increase rate of neovascularization in an autocrine action by production of pro-angiogenic 

factors. 

 

 

2.1.6 Tissue invasion and metastasis 

 

Primary solid tumors tend to metastasis. Lack of nutrients and oxygen together with lack 

of space is the main reason. Cancer cells with metastatic properties will evade its original 

location. By invade into and following the bloodstream or lymphatic circulation, cancer 

cells manage to spread to other parts of the body.  

Secondary metastatic tumors can in that way arise elsewhere in the human body. 90% of 

all casualties from cancer are caused by metastasis. [Sporn 1996] Alterations and 

mutations in cell-cell adhesion molecules, CAMs, and also different extra cellular 

proteases are involved in giving the cell their metastatic properties. 

 

 

2.2 PDGF 

 

2.2.1 PDGF 

 

Platelet derived growth factor, PDGF, is a growth factor that acts on specific PDGF 

receptors that belongs to tyrosine kinase receptor family. PDGF was first described as a 

mitogen serum component. [Kohler 1974] Furthermore, characterization and purification 

of PDGF were initially made from platelets in α-granules, thereby its name. [Heldin 

1979] 

 

PDGF acts as a mitogen for cells like fibroblasts, smooth muscle cells and glia cells and 

stimulates cell proliferation, survival and chemotaxis. [Heldin 1999]  
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PDGF is also a stimulator for actin filament reorganization involved in wound healing. 

[Pierce 1988] PDGF ligand and receptor knockout mice have shown to severely deform 

vital organs and impair embryonic development. This suggests that PDGF has an 

important role in fetal growth.  

 

Role of PDGF in adults are less clear. Treatment with PDGF receptor antagonists in 

adults has only resulted in minor side effects. This suggests that PDGF has a less 

important role in adults. [Klinghoffer 2002] 

 

 

2.2.2 PDGF isoforms 

 

The PDGF family of growth factors consists of four genes which give rise to five 

different isoforms of homo- or hetero dimeric, disulfide linked subunits; AA, [Heldin 

1999] BB, [Heldin 1999] AB, [Hamacher 1988] CC, [Ding 2000] and DD. [Bergsten 

2001] The PDGF AA and BB polypeptides are first synthetisized as precursor molecules 

that further undergo proteolytic cleavage in the Goli apparatus. [Östman 1992] 

 

The CC and DD are synthetisized and secreted in their inactive form. They need further 

proteolytic cleavage to become active and able to bind to the receptor. [Bergsten 2001]  

The proteases involved have not yet been described. 

The PDGF-CC and DD isoforms have more recently been discovered, and these two 

isoforms shows bigger differences from the other three isoforms in their primary 

sequence. CC and DD show certain conserved motifs in their inter- and intra chain 

disulfide linking and a totally preserved region is shown. [Bergsten 2001] 

The dimeric fusions of the subunits show no favorable sort of combination and are made 

randomly despite its different actions. [Hammacher 1988]  
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2.2.3 PDGF-receptors  

 

The PDGF-receptor is a transmembrane receptor and belongs to the family of tyrosine 

kinase receptors. The receptor consists of two different isoforms, α and β-receptor. 

[Claesson-Welch 89]  

 

PDGF α and β subunit have a molecular size of ~170 and 180 kDa respectively after 

maturation of their carbohydrate residues. [Claesson-Welsh 1989]  When the ligand binds 

to the receptors they will dimerize to create an active receptor, fig 2. [Heldin 1989] Three 

different dimers, PDGF-αα, PDGF-αβ and PDGF-ββ can be formed. The extra cellular 

region of the PDGF-receptor consists of five immunoglobulin like, IG-like domains, each 

with different functions, fig 1. [Claesson-Welsh 1989][Matsui 1989][Yarden 1986]  

 

The three Ig-domains that are located in the N-terminal part are involved in binding of 

the PDGF ligand. [Heidaran 1990] The fourth Ig-domain is involved in stability and 

dimerization of the receptor dimers. [Locker1997][Omura1997][Shulman1997] The 

function of the fifth Ig-domain is still unclear. The intracellular domain of the receptor 

contains tyrosine residues that, when phosphorylated, recruits signaling molecules 

containing SH-2 or/and PTB domains. [Heldin 2002]  

 

The intracellular domains recruit downstream signal molecules, enzymes or adaptor 

molecules. After the dimerization of the receptors the subunits are autophosphorylated in 

trans. Dimerization of the receptor enhances the catalytic activity of the kinases 

[Kazlauskas 1989] Activation leads to a recruit of SH-2 or PTB domains containing 

signaling proteins like Src, RasGAP, PLC-γ and PI3K that mediates the signal further, fig 

2. 
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Fig.1 Schematic figure of PDGF ligand receptor interactions. The five PDGF isoforms, AA, BB, AB, CC 

and DD bind to the three different receptor dimers, αα, αβ or ββ. PDGF-CC and AA binds only to the αα-

receptor, PDGF-AB binds either to αα or αβ. PDGF-BB binds to all isoforms, αα, αβ or ββ. PDGF-DD 

binds to ββ. Note that some reports are suggesting that PDGF-CC and DD also interact with the αβ-

heterodimer. [Heldin 2002] 

 

 

These proteins are a part of signal mediators inside the cell for proliferation, and 

chemotaxis or cytoskeleton re-arrangements. It is shown to be over 100 interacting 

proteins that are changing in their phosphorylation state, after activation of the PDGF-

receptor. [Soskic 1999] The five different ligand dimers have different affinity and 

activity of the three PDGF-receptor isoforms. They can only bind in a specific manner, as 

shown in fig. 1. 
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Fig. 2. PDGF receptor activation and signaling. When a dimeric PDGF ligand binds the receptor it induces 

dimerization and the receptors are allowed to auto phosphorylate in trans. This results in enhanced catalytic 

activity of the tyrosine kinases and activation of the receptor. This activates a large number of intracellular 

downstream molecules which lead to either cell survival, cell proliferation or cell migration. [By 

permission of A. Östman] 

 

 

2.2.4 PDGF in malignant disease 

 

One example of the role of PDGF in malignant disease is in chronic myelomonocytic 

leukemia, where a translocation fuses the intracellular part of the β-receptor with the 

transcription factor Tel, with a constitutive active PDGF-receptor as a result. [Carroll 

1996] [Sjöblom 1999] Treatment with the PDGF receptor antagonist STI-571 shows 

good therapeutic outcome. [Capdeville 2003]  
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2.3 Interstitial fluid pressure, IFP 

 

 

2.3.1 The Interstitium 

 

The space between the cells is collectively called the interstitium. It is approximately 

about 1/6 of the total body volume. The interstitium is composed of various components 

consisted of a collagen fiber network with hyaluronan, glucoseaminoglycans, GAG´s 

salts and plasma proteins. [Aukland 1993] The collagens fibers are absorbing mechanical 

stress [Aukland 1993] and prevent the tissue from swelling too much. [Meyer 1983]  

 

The exchange of nutrients, gases and other molecules between the blood and the extra 

cellular area is mainly made through diffusion and passive transport. Uncharged, lipid 

soluble and other small molecules like salts, small proteins and gases can freely diffuse 

between the interstitium and the endothelial cells of the capillaries. Transport of other 

plasma carried molecules can also be transported with plasmalemmal vesicles. These 

vesicles diffuse over the capillary endothelial layer and release their content into the 

interstitium.  

 

 

2.3.2 Interstitial Fluid Pressure 

 

The interstitial fluid pressure in the body is dependent on four different forces called the 

Starling forces. [Aukland 1993] These forces consist of the capillary pressure, Pc, the 

capillary osmotic pressure, IIc, and the interstitial fluid osmotic pressure, IIif. The first 

three forces act inside the vessel against the interstitium. The interstitial fluid pressure, 

IFP, is the fourth force and it acts against the other three forces, fig 3. 
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Fig 3. Illustration of the Starling forces and transvascular pressure element in normal and neoplastic tissues. 

The four forces consist of, capillary pressure, Pc, capillary osmotic pressure, IIc and the interstitial fluid 

osmotic pressure, IIif. The acting force against the summation of these three forces is called the interstitial 

fluid pressure, IFP. [Pietras thesis 2002] 

 

 

In normal tissue the IFP is about -1mmHg. [Aukland 1993] In this range of pressure the 

exchange is good. Certain pathological conditions, like burn injuries, give a drop in IFP 

down to -150 mmHg and thereby an edema is caused. [Lund 1988] It is well established 

that in solid tumors, the pressure is elevated up to 50 mmHg. [Less 1992]  

[Milosevic 2001]  

 

When the pressure is negative, fluids tend to retend in the interstitium and cause edema. 

In conditions with elevated pressure the state is the opposite. The flow directed into the 

interstitium is markedly decreased. [Pietras 2002] The etiology of elevation in IFP in 

solid tumors is poorly understood. Previous studies suggest that it depends on lack of 

functionally lymphatic vessels and thereby loss of drainage. [Jain 1987] 
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When the IFP is elevated the exchange of nutrients, gases and other molecules is 

significantly decreased. The main transvascular transport is based on passive transport 

and the raised IFP hinder this exchange dramatically. [Curti 1993]  

 

This pathological condition leads to starvation of the tumor. The lack of nutrients will 

eventually cause necrosis. The oxygen pressure will fall as well and thereby hypoxia 

arises. 

 

 

2.3.3 IFP affects uptake of cytotoxic drugs in solid tumors 

 

There are several reasons of why lowering of the IFP in tumors is desirable. 

Pharmacological treatments are often very painful and destructive for the patient. Many 

compounds used are also very toxic. The concentration of a pharmacological agent inside 

the tumor is significantly lower in a patient with elevated IFP. [Curnis 2002]  

 

Therapeutic outcome from treatment is thereby poor in cases of high IFP. [Rubin 2000] 

By lowering the pressure, the cytostatic pharmacological compounds can diffuse in to the 

tumor and thereby do its action. This also gives the possibility to either choose to enhance 

the effects with the same given dose as before, or the opportunity to lower the dose of a 

toxic cytostatic compound with the same effects as before.  

When the IFP decreases, oxygen will easier diffuse in to the tumor and the oxygen level 

rises. High intratumoral oxygen levels enhance the effect of radiation therapy in solid 

tumors. [Lee 2000]  

 

 

2.3.4 PDGF-receptor antagonists in influencing IFP in solid tumors 

 

A large number of data show that IFP lowering drugs, for example PDGF-receptor 

antagonists, significantly increase the concentration of co-administered cytostatic drug. 

[Curnis 2002] The downstream signalling of the PDGF-β receptor is involved in 

regulation of the interstitial fluid pressure. Exact mechanism is poorly understood. Data 
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shows that homozygote mutated transgenic mice with a mutation in the binding site for 

PI3K on the PDGF-β-receptor will lack almost all response to PDGF receptor activation. 

[Heuchel 1999] 

 

This suggests that PI3K is involved in the downstream signalling of interstitial 

hypertension, fig. 4. Studies by Pietras 2001 showed for the first time that administration 

of the PDGF-receptor antagonist STI-571 lowers IFP in solid stroma rich tumors. The 

reduced pressure generates a 1.8 fold increase in transvascular transport of the low 

molecular weight compound 
51

Cr-EDTA. [Pietras 2001] Further investigations 

demonstrate a 4.1-fold increase of Taxol uptake in combination therapy with STI-571. 

[Pietras 2002] Thereby suggesting a novel strategy for combination therapy of cancer 

treatment. Combination therapy with STI-571 gives the opportunity of getting the same 

therapeutic index with a lower dose and thereby less toxicity and fewer side effects, fig 4. 

[Pietras 2003] 

 

 

2.4 STI-571 

 

STI571, brand name Gleevec® from Novartis, is a PDGF receptor antagonist that blocks 

specific tyrosine kinase activities in the intracellular domain.  

STI-571 also efficiently blocks c-Kit, [Buchdunger 2000] Abl, [Buchdunger 1996] and 

Arg. [Okuda 2001] STI-571 has low activity on other similar receptors like epidermal 

growth factor receptor, EGF-r, and vascular endothelial growth factor receptor, VEGF-r. 

Since 1999 STI-571 has successfully been used on more than 12 000 patients in clinic to 

treat cronic myelogenous leukemia, CML. [Capdeville 2003] STI-571 shows relatively 

low amount of side effects and can be administrated orally. It is well acceptable and the 

maximum tolerated dose is not yet known. STI-571 affects a narrow spectrum of tyrosine 

kinases which results in a low toxicity profile.  

 

Skin rash, fluid retention and edemas, minor elevated liver functions, mild nausea, 

myelosuppression and muscle cramps are some of the reported side effects. These side 
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effects are manageable and not life threatening. [Druker 2001] The exact mechanism is 

not fully understood. 

 

 

2.5 Hypoxia 

 

Hypoxia can arise in the body from different patholological circumstances including 

cancer. A solid tumor is always more or less hypoxic and angiogenesis is needed to 

support the elevating demands of nutrients and oxygen for further cell proliferation, 

motility and transformation. [Folkman1989] 

Hypoxia will cause an up regulation of the transcription factor, hypoxia inducing factor 

1α, HIF-1α, as a cellular adaptation to hypoxia. [Semenza 2002] Levels of HIF-1α 

expression is changing very rapidly and takes only a few minutes. [Wang 1995] HIF-1α 

is a regulator of vascular endothelia growth factor, VEGF, which is essential for the 

formation of new vessels. A strong correlation between HIF-1a and VEGF expression in 

cancer patients has been demonstrated. [Wong 2003] HIF-1a is overexpressed in the 

majority of primary and metastatic tumors. [Zhong 1999] 

 

 

 

 

 

 

 

 

Fig. 4. Summary of effects from STI-571on IFP.  STI-571 therapy results in a decrease of IFP and thereby 

a following enhanced transvascular transport over the interstitium. Elevated transvascular transport 

generates an enhanced uptake of cytostatica and thereby an increase in therapeutic response. Reduced IFP 

provides higher intracellular PO2 levels which leads to an increased effect of radiation therapy. Elevated 

PO2 will also rapidly lower the expression of HIF-1α in tumors and are used as a marker for hypoxia. 

 

 

 

STI-571 → ↓IFP → ↑Transvascular transport → ↑ PO2 → ↑ Radiation effect 

                                                  ↓                                       ↓ 

                                 ↑ Cytostactica effect                  ↓ HIF-1α 
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3. AIM 

 

The aim of the study was to investigate if STI-571 treatment of KAT-4 tumors would 

give a reduction of hypoxia by lowering IFP. High oxygen levels enhance therapeutic 

outcome of radiation therapy and RIT treatment. Hypoxia will be measured by 

immunohistochemistry detection of HIF-1α protein.  

 

Further aim was to investigate if a lowering of IFP with STI-571 would enhance the 

uptake of the monoclonal antibody Herceptin in human breast carcinoma, BT-474. 
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4. MATERIALS AND METHODS 

 

4.1 Chemicals 

 

BT-474 cell line from ATCC. Cell medium. AG1523, normal human fibroblast cell line, 

obtained from the Human genetic cell mutant repository, New Jersey. GIBCO Improved 

MEM zinc option, In Vitrogen Corp. Fermentas. PageRuler™ Prestained Protein Ladder, 

10-180 kDa. 25mMTris 190mM glycine17β-Estradiol tablets 60 days release from 

SIGMA, Cat nr: E8875. Matrigel, BD Bioscience, Cat Nr: 354234. WGA Sepharose, 

Amersham Bioscienses. Primary antibody HIF-1α antibody clone H1Alfa67, AB-Cam, 

UK. Secondary antibody, biotinylated rabbit anti-mouse antibody, DAKO, Cat. NoE0354. 

Pierce ECL Western Blot substrate Cat No: 32106. HRP-DAB, Vectastatin, SK-4100. 

Mountex mounting glue, Immunkemi. Modified Mayer’s Hematoxylin, Histolab. BCA-

protein assay kit from Thermo Scientific, CatNo. 23227. STI-571 supplied by Novartis 

Pharma AG. 
3
H-Taxol supplied from Swedish pharmacy, Apoteket. Cremaphore EL, 

SIGMA. 

 

4.2 Tissue culture 

 

Two cell lines KAT-4 and BT-474 were used. BT-474 was cultured under standard 

conditions in 37˚C, 5% CO2. GIBCO Improved MEM zinc option was used and 10 % 

fetal calf serum, FCS, and penicillin streptomycin, PS, was added.  

 

 

4.3 STI571 sensitivity assay 

 

To confirm that STI-571 did not affected the BT-474 cell line growth, a sensitivity test 

was made. BT-474 cells were trypsinised and counted using a Beckman Coulter, Z1, Cell 

and Particle Counter. The cells were diluted to a concentration of 40x10
3
 cells per ml 

medium. 
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1 ml cell suspension was seeded in each well of a 6 well dish. The concentration of STI-

571 used was 2μM, in vitro. All samples cells were counted three times in day 1, 8 and 

16, double samples. KAT-4 sensitivity assay of STI-571 shows no reduction in growth. 

[Pietras 2002] 

 

 

4.4 Western Blot analysis of expression of PDGFβ-receptor in BT-474 

cells 

 

The cells were rinsed twice with ice cold PBS, pH 7.3 and lysed in a lysis buffer 

consisting of 0,5 % Triton X-100, 0,5 % deoxycholic acid, 150 mM NaCl, 20 mM Tris 

pH 7,5, 10mM EDTA and 1% Trasylol. The cells were then scraped off with a rubber 

policeman and transferred to a 1,5 ml Eppendorf tube and were kept on ice to extract 

proteins for 15 minutes. The tube was centrifuged in 16 000g for 15 minutes in 4°C and 

the supernatant was collected. A BCA-protein assay was made: 1 ml BCA reagent was 

mixed with 20 μl lysate and incubated for 30 minutes at 37˚C. The absorbance was 

measured in a photometer at 562 nm with lysis buffer used as blank.  

 

The lysate was mixed with lysis buffer to get the same amount of protein as the reference 

sample in total volume of 1 ml. 30 μl WGA sepharose was added and the samples were 

incubated for 1 h end-over-end in 4°C. The precipitate was washed three times in lysis 

buffer, and the precipitated proteins were separated on a 7% SDS-PAGE gel. The 

separated proteins were then transferred from the SDS-PAGE gel to a nitrocellulose 

membrane. The membranes were initially pre activated in one minute with methanol and 

then put in transfer buffer. The membrane was carefully mounted between sponge and 

paper and transfer buffer was added. The transfer was performed in 100V,250 mA in 60 

minutes, 4°C. The membrane was thereafter blocked in 5% dry milk PBS Tween20 

solution over night in 4°C. 

The membrane was washed in PBS Tween20 once and then the primary antibody was 

diluted in PBS Tween20 to 1:2000 and incubated in two hours in room temperature. The 

membrane was washed three times in PBS Tween20. The HRP conjugated secondary 

antibody was diluted in PBS Tween20 to 1:3000 and the membrane was incubated in 4°C 
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over night. A Pierce ECL Western Blot substrate kit was used to develop an image from 

the membrane. 50ml Falcon tube was prepared with 6 ml of solution A. Image 

development was performed in darkroom and 150µl of solution B was mixed with A and 

the membrane in a plastic box and incubated for 5 minutes. The membranes was then put 

in to the camera and exposed for one minute. The photo was put into fixation solution for 

30 seconds, and then rinsed in tap water. 

 

4.5 Animal studies 

 

Female Fox chase SCID mice, MB, Ry, Denmark, were housed in pathogen free 

environment at the animal facility at the biomedical centre, Uppsala. All animal 

experiments followed local restrictions. They were fed Ad libitum. 60 days release tablets 

of 17β-Estradiol were implanted subcutaneously by making a 3 mm cut in the back,  

3 cm behind the ear on the flank of the mice. A subcutaneous, 15-20 mm long pocket 

towards the head and ear was made with a forceps.  

 

The tablet was placed 10 mm behind the ear. The mice were monitored daily to confirm 

that the tablet stayed in place and that they did not suffer from any infections. Three days 

after the implantation of the tablet, BT-474 cells were injected at a concentration of 1x10
6
 

cells in 100 μl sterile PBS buffer mixed with 100 μl Matrigel. The Matrigel was mixed 

with the BT-474 cells just prior to the injection. 

 

4.6 Immunohistochemistry of HIF-1α on KAT-4 tumor sections 

 

Paraffin embedded slides from KAT-4 tumors were used for HIF-1α detection with 

immunohistochemistry. The tumors were embedded in paraffin blocks and sectioned in 

0,6 mm slides and put on glass. The sections were deparafinized stepwise in Xylene, 2x5 

minutes followed by hydration in absolute ethanol, 95% EtOH, 70% EtOH, PBS buffer, 

each in 2x5 minute steps. Endogenous peroxidase was blocked by adding 800 μl 0,3 % 

H2O2  in PBS for 15 minutes. H2O2 was carefully washed away with PBS three times.  
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Sections were further blocked with 3 % bovine serum albumin, in PBS for 30 minutes at 

room temperature. Samples were washed three times with PBS. Primary Antibody, 

H1Alfa67, was diluted 1:50 and the sections were incubated between 24 or 48 hours in 

either room temperature or 4°C.  

 

Primary antibody was removed by washing three times in PBS. Secondary antibody, a 

biotinylated rabbit anti-mouse from DAKO, was diluted in concentrations 1:50 or 1:100 

and incubated for 30 minutes at room temperature followed by washing three times with 

PBS. ABC-HRP kit from DAKO was prepared. 9 μl of solution A and 9 μl of B per ml 

PBS and were mixed and incubated for 30 minutes. Each sample was incubated with 200 

μl ABC-HRP for 30 minutes. Sections were washed 3 times.  

 

The sections were developed with a DAB staining kit. 2 droplets of DAB buffer were 

added in 5 ml H2O and mixed. 2 droplets of DAB stock solution were added and mixed 

again. 

 

Further, 2 droplets of H2O2 were added and mixed. 200 μl DAB solution were put on 

each glass. Development of the samples was in the range of 2 to15 minutes. Development 

was terminated by rinsing the sections in H2O. 

 

All sections were then counterstained with Modified Meyers Hematoxylin for 30 seconds. 

The samples were then dehydrated stepwise from H2O to absolute ethanol in the same 

way as the hydrating steps but backwards. Each glass was then mounted with glue and 

cover slip. Two different concentrations of the antibodies were used. 

 

Dilutions of 1:100 were the standard concentration but 1:50 was also tested. The 

incubation time of primary antibody was set to either 24 or 48h. To confirm the 

specificity of the antibodies used, an anti-mouse Ig-G antibody was tested as primary 

antibody. 
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4.7
 3
H-Taxol uptake 

 

Prior to injection with 
3
H-Taxol, the mice were fed daily with either 100μl PBS or 100μl 

PBS containing 100 mg/ml STI571 for three days prior to the study. The day before 
3
H-

Taxol injection, 
3
H-Taxol, and vehicle Cremaphore EL were mixed. One hour after the 

last PBS/ STI571 administration, a radiation dose of 6 μCi/mouse 
3
H-Taxol was given. 

200 μl 
3
H-Taxol was injected subcutaneously in opposite flank from the tumor on each 

mouse. 24 hours later the mice were anesthetized with 3% Isofluran,  

 

 

0,02 % N2O and then Pentobarbital, 0.15ml, 20 mg/ml i.p was administered. All needles 

and tubes was Heparin treated to avoid coagulation.  

 

Blood was taken via heart puncture and the mice were immediately sacrificed and the 

tumors were excised. The quantity of blood and tumor weight was measured and the 

amount of 
3
H-Taxol in blood and tumor was determined by usage a scintillation counter.  
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5. RESULTS 

 

 

5.1 STI-571 sensitivity assay on BT-474 cells 

 

An assay was made to confirm that the cell line did not respond with regression of growth 

in presence of STI-571 compared with normal medium. STI-571 was prepared and 

diluted to an end concentration in medium of 2 μM. 

No significant reduction in growth was found after 8 days and a small but still no 

significant reduction was noted after 16 days, figure 6. Cell line BT-474 is not sensitive 

to STI-571. 

 

 

 

Fig. 6. STI-571 sensitivity assay on BT-474 cells. The cells were counted and diluted to a concentration of 

40x10
3
 cells per ml. 1 ml cell suspension was seeded in each well, 6 well plates were used. Medium was 

changed every third day and the plates were incubated under previous circumstances. The cells were 

counted after day 1, day 8 and day 16, double samples. No reduction in growth was found after 8 days and 

a small reduction of growth after day 16.  
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5.2 Expression of PDGF-β receptor in BT-474 cells 

 

To establish a model system for targeting PDGF-r in the stroma in mammary tumors, we 

investigated the PDGF-r expression in BT-474 tumor cell line. To confirm that BT-474 

did not express PDGF-r a WGA, precipitation followed by a Western blot was performed. 

 

As seen in figure 5, lane 2 shows no expression of PDGF-β. In lane 3, a positive control 

of fibroblast cell line AG-1523 used. Fermentas Page Ruler™ Prestained Protein Ladder 

was used for Mw confirmation in lane 1. 

 

 

 

 

Fig. 5. Western Blot on BT-474 cell line to detect expression of PDGF-receptor. Sample was separated on a 

7 % SDS-PAGE gel. Lane 1, Fermentas Pre-stained protein ladder. Lane 2 shows no expression of PDGF-β 

receptor. Fibroblast cell line AG-1523, was used as positive control. 

 

 

5.3 Animal studies 

 

The tumor growth and bodyweight were supervised every 3 days. The general tumor 

growth in vivo was very slow and three mice became suffering from some unexplained 

and severe genital ulcer. These animals were sacrificed and send to SVA, statens 

vetrinär-medicinska anstalt, for autopsy. The autopsy showed no cause of infection. 
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Reason for the genital ulcer was suggested to be correlated to the implant of the17β-

estradiol tablet. 20 weeks after the injection had only 4 animals desirable tumor volume 

for 
3
H-Taxol uptake study. 

 

 

5.4 Immunohistochemistry HIF-1α expression in KAT-4 tumors 

 

HIF-1α expression in KAT-4 tumors was investigated by IHC. Morphology of the tumor 

samples are the same regardless of treatment in all samples. Peripheral parts of all tumor 

samples contain cell rich regions. All tumor samples have more or less severe necrosis 

located in the central parts of the tumors. Fig.9A shows severe necrotic areas, only a few 

islets of viable cells are seen. Layers between consist of apoptotic and leukocyte rich 

tissue. Necrotic areas in samples were distinct brown in all samples but do not represent 

positive HIF-1α signals, fig. 8C. Negative control shows no background staining in any 

of the samples, regardless of treatment, fig. 8C and 8D.   

 

In neither of the samples were any background staining detected from the rabbit anti-

mouse antibody, fig.9D. HIF-1α is only expressed in living tumor tissue and not in high 

leucocyte containing or necrotic regions of the tumor, fig. 8. Tumor samples too necrotic 

were removed from the test. The most frequent HIF-1α signals are located in the 

peripheral parts of the tumors, in layers between the solid tumor and muscle or 

connective tissue. The expression is also highly frequent in adipose rich areas, fig. 7. The 

mostly occurred signal from the tumor samples was from single HIF-1α positive cells, fig. 

9A. 

 

There seem to be a slight difference in expression of HIF-1α between STI-571 treated 

and control group. The variation is located inside the tumors and not in the peripheral 

regions. STI-571 treated group seems to contain less HIF-1α signals than the control 

group. High concentration of antibodies and longer incubation times gave a stronger 

signal. The staining was still specific without any background, fig. 9C. 
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 Fig. 7. Occurrence of HIF-1α signals in KAT-4 tumors. Morphology of the tumor samples are regardless 

of treatment the same in all samples. Peripheral in all tumor samples contain cell rich regions. All tumor 

samples have more or less severe necrosis located in the center of the tumor. Layers between consist of 

apoptotic and leucocyte rich tissue. These samples are from control group treated animals with no IFP 

lowering STI-571. A, x100 magnification, macroscopic picture demonstrating high positive signals in 

perifier part of tumor. Arrow shows a hair follicle. B, x200, this section shows also high HIF-1α signaling 

in perifier parts of tumor sample, arrow demonstrate an adipose cell. C, x400, a distinct HIF-1α positive 

cell. D, x400, distinct HIF-1a positive cell in more central parts of the tumor near located to adipose cells. 
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Fig 8. These sections are taken from STI-571 treated mice. The occurrence of HIF-1α signals are in small 

amounts. A, x100 magnification, more random expressions of HIF-1α. B, x400, one single positive cell and 

no background staining at all. C, x40, necrotic areas are distinct brown in all samples but does not represent 

positive HIF-1α signals. D, x200, Negative control shows no background staining at all in any sample, 

regardless treatment. 
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Fig. 9. Samples with higher concentrations of antibodies, 1:50 and also longer incubation periods, 48h.  

A, x100 magnification, macroscopic view of severe necrotic tissue. Brighter parts of the sample are islets of 

living cells. The HIf-1α signals are also very high. B, x400 magnification of the same sample confirms high 

positive signals but also a large quantity of necrosis. C, x400, negative control of same sample 

demonstrates a total lack of background staining. D, x100, to confirm the specificity of the antibodies used, 

an anti-mouse Ig-G was tested. No background staining was detected. 

 

 

5.5 
3
H-Taxol Uptake in STI-571 treated mice 

 

The tumor growth was very slow and some animals did not achieve any distinct tumor at 

all even 20 weeks post injection. Two reduced studies were made with totally 4 animals. 
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5.5.1 
3
H-Taxol Uptake study 1 

 

One mouse was fed with STI-571 and one mouse was used as control and fed only with 

PBS. Excised tumor weight for STI-571 treated mouse was 0,69 gram, blood volume 

from heart puncture 240 μl. Control mouse tumor weight was 0,94 gram, blood volume 

from heart puncture 370 μl. 
3
H-Taxol activity was measured in 10 minutes and in triplets. 

Values from the SCINT counting were not stable and gave big variations. Tumor value in 

fig.10 show a low uptake in STI-571 treated mice compared to control mice. 
3
H-Taxol 

blood values are less different from each other.  
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Fig.10, Taxol uptake study 1.  
3
H-Taxol uptake in STI-571 treated SCID mice on BT-474 breast carcinoma. 

3
H-Taxol was higher in control animals, the opposite was suspected. STI-571 treated mice show 

significantly lower 
3
H-Taxol uptake in solid tumor. The difference between the blood measurements was 

not so big but still indicates the opposite expected trend.  

 

 



 

 

32 

 

5.5.2 
3
H-Taxol uptake study 2  

 

A second 
3
H-Taxol uptake study was made with additional two mice. Same procedure 

was made during this study. The excised tumor weight from STI-571 treated mouse was 

0,7 g, serum volume 200 μl. Control animal tumor weight was 1,2g, serum volume 150 μl. 

The activity was measured on serum instead of whole blood. 
3
H-Taxol activity was 

measured in 10 minutes and in triplets. Stable values were achieved during study 2. 

Increase of uptake was 17 % in solid tumor and 65 % in serum, fig 11. 
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Fig.11, Taxol uptake study 2, 
3
H-Taxol uptake in STI-571 treated SCID mice on BT-474 breast carcinoma.  

3
H-Taxol was measured on serum and not whole blood, and the expected elevation of uptake in STI-571 

treatment was seen. Difference in uptake was bigger in the serum measurement than in the tumor. The trend 

supports the theory of an enhanced drug uptake in solid tumors with co treatment of  STI-571. 
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6. DISCUSSION 

 

Previous data has shown that inhibition of PDGF-receptor signalling reduces IFP in solid 

tumors. High tumor IFP acts like an efficient barrier against accurate transvascular 

transport of nutrients, gases and drugs. Several PDGF-receptor antagonists have been 

demonstrated to have IFP lowering properties. STI-571, that also blocks Abl and c-Kit 

efficiently, has been proven favourable in blocking the PDGF-receptor because of good 

bioavailability, high specificity and low amount of side effects.  

 

The present investigation was originally set for usage of a cytotoxic monoclonal antibody, 

Herceptin. Taxol was later on chosen for the uptake study. Combination treatment of 

STI-571 and 
3
H-Taxol in breast carcinoma BT-474 increase uptake of Taxol compared 

with control not treated with STI-571. A 17 % increase in uptake in solid tumor and a 

65% increase in serum were seen. A new cell line, BT-474 was set up. The cells grew 

slow in vitro for the first 6 weeks. In vivo growth was also very slow and it took 5 

months to achieve tumors big enough for uptake studies. If the long period of time caused 

any additional morphological alterations in vessel density or rate of necrosis in the 

tumors that later on could affect our results is not known. Only two animals were used 

during this study and no significance was seen.  

 

The results in uptake study 1 show the opposite trend with a lower uptake than control 

mice. During this measuring “time-point” the values achieved were very varying and 

unstable. Reasons for what made the results in study 1 hard to interpret. A problem with 

measurement on whole blood is suggested as the cause of this. The scintillation did not 

work correctly. The reason for this is not known. During uptake study 2 the result 

followed however the expected trend with an increased uptake of Taxol in STI-571 

treated mice compared to untreated controls.  
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Previous studies from Pietras 2002 showed an over 400% increase in uptake in a KAT-4 

tumor model. In this study using BT-474 model, the same trend could be seen but not to 

the same degree.  

The following enhanced intratumoral concentration of Taxol will raise the therapeutic 

response of cytotoxic therapy. Another possibility is to lower the given dose to reduce 

toxic side effects and still achieve the same therapeutic response. The increase of 

transvascular transport in STI-571 treatment also suggests that PO2 levels will rise 

considerably. High oxygen levels are correlated to an increase in radio sensitization with 

an enhanced effect from radiation therapy as a result. Collected conclusions from STI-

571 treatment strongly support the suggestion for a novel and general strategy in 

combination therapy treatment of all types of solid tumors. Administration of STI-571 

was made for a 3 days period prior to the IFP uptake study. Is this enough for a reduction 

in HIF-1α expression? 

Hypoxia is present in all solid tumors and it is correlated to IFP through decreased 

transport of oxygen from the capillaries to the interstitium. A marker for hypoxia is HIF-

1α, a rapid inducible transcription factor for pro angiogenetic factors like VEGF, 

responding in cases of hypoxia. HIF-1α supports cellular adaptation and stimulates the 

rate of angiogenesis. 

Expression and breakdown of HIF-1α in vivo occurs in a matter of minutes. 

The result from the IHC staining of STI-571 treated tumors and untreated controls are 

hard to quantify and evaluate with light microscopy. Morphology, size, leucocyte 

occurrence and rate of necrosis are varying a lot between the tumor samples. 

The expression pattern of HIF-1α shows no particular difference between STI-571 treated 

tumors and untreated controls. However, a bit deeper inside of the tumor tissue the 

expression pattern is somewhat different. In the STI-571 treated mice a decrease of HIF-

1α was noted. The specificity of the IHC staining was assured by using a primary mouse 

IgG-antibody as a control. The fact that the secondary antibody did not bind at all when 

this antibody was used verifies the fact that an accurate binding to HIF-1α occurs. 

This study includes a 3 days treatment of STI-571 before evaluation. It is very hard to 

know whether that length of treatment is sufficient for optimal results. Perhaps a longer 

treatment period would enhance the positive effects seen.  
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The positive trend can possibly be explained through the fact that a reduction of IFP 

gives an increased oxygenation of the tumor and additional reduction of HIF-1α.  

However, the rapid breakdown of HIF-1α protein in presence of oxygen could possibly 

be a problem when investigating its expression pattern. When removing the tumor from 

the mice it is directly exposed to normoxic conditions. Therefore, it would be desirable to 

further determine however this exposure to air influenced the change in HIF-1α 

expression presented in this study.  
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7. FURTHER PERSPECTIVES 

 

It would be interesting to do a Herceptin uptake study on mice treated with STI-571. If 

that study also point towards an increase in uptake one could also assume that it would be 

applicable on other antibodies. 

Cancer treatment with radio labeled antibodies (RIT) would in that case be improved. 

A further optimization of IHC protocol for HIF-1α would be desirable. Usage of a 

fluorescent labelled secondary antibody would decrease the amount of subjectiveness in 

the assessment of the results. In this case computer programs could be used for 

interpreting the results. 

Furthermore, more material from normal tissue and from other type of tumor models is 

wanted to get an even better reference system. 
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