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ABSTRACT 
 
 
   Background: Angiogenesis is recognised as a critical step in tumour progression. The 
angiogenic switch is activated by various trigger signals, such as hypoxia, low pH, and 
genetic mutations. Renal cell carcinoma (RCC) is often an aggressive tumour, and 
advanced disease has limited treatment options and bad prognosis. This study was 
focused on markers of angiogenesis in RCC: endoglin (CD105) and CD31 assessing 
microvessel density (MVD), and carbonic anhydrase (CA) IX and hypoxia-inducible 
factor (HIF)-2α expressed at hypoxia. Upregulation of HIF is also associated with 
inactivation of the von Hippel-Lindau (VHL) tumour suppressor gene, which is 
common in conventional/clear cell (c)RCC.  
 
   Method: A tumour bank containing 308 tumours from patients operated 1982-2003 
was used. The tumours were well characterised regarding tumour type, TNM stage, 
nuclear grade, tumour size, and patient survival. The tumours were prepared in tissue 
microarrays and fresh frozen in whole sections. To analyse the expression of endoglin, 
CD31, CA IX, and HIF-2α mRNA, immunohistochemistry and real-time PCR were 
used.  
 
   Results: There was a higher endoglin expression in cRCC than in papillary (p)RCC 
and chromophobe (ch)RCC, and a higher CD31 expression in cRCC than in pRCC. 
MVD correlated inversely to TNM stage and nuclear grade in cRCC. There was also an 
inverse correlation between tumour diameter and CD31 expression in cRCCs. Patients 
with cRCC with high MVD had a more favourable prognosis than patients with lower 
MVD. Endoglin and CD31 were not independent prognostic factors. 
   The CA IX expression was higher in cRCC than in pRCC and chRCC. Patients with 
cRCC expressing low CA IX had a significantly less favourable prognosis compared 
with those with higher expression. CA IX is an independent prognostic factor.   
   There was a higher HIF-2α mRNA expression in cRCC than in pRCC and chRCC. In 
cRCC, there was a significant inverse correlation between HIF-2α mRNA expression, 
and TNM stage and nuclear grade. There was also an inverse correlation between HIF-
2α mRNA expression and tumour size among patients with cRCC. HIF-2α was not an 
independent prognostic factor. 
 
   Conclusion: In these studies, the factors related to hypoxia and vascularity were all 
inversely correlated to tumour aggressiveness in cRCC. MVD, CA IX, and HIF-2α 
expression were also higher in cRCC than in pRCC and chRCC. The relationship 
between angiogenesis, vascularity, and hypoxia is ambiguous. A line of reasoning 
including mutations increasing angiogenesis in advanced disease may also be applied to 
RCC. Measurements of individual angiogenic factors seem to provide prognostic 
information, and can potentially be combined in patient monitoring and treatment. 
 
   Key words: Endoglin/CD105, CD31, CA IX, HIF-2α, renal cell carcinoma, tissue 
microarray, immunohistochemistry, real-time PCR, stage, grade, prognosis
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ABBREVIATIONS 
 
 
AJCC American Joint Committee on Cancer 
Akt protein kinase B 
Ang-1/2 angiopoietin-1/2 
ARNT aryl hydrocarbon receptor nuclear translocator 
ATP adenosine triphosphate 
bFGF basic fibroblast growth factor 
BHD Birt-Hogg-Dubé 
CA IX  carbonic anhydrase IX 
CD cluster of differentiation 
cDNA complementary deoxyribonucleic acid 
chRCC chromophobe renal cell carcinoma 
CO2 carbon dioxide 
cRCC conventional renal cell carcinoma 
CT computerised tomography 
DAB 3,3’-diaminobenzidine 
DNA deoxyribonucleic acid 
EC endothelial cell 
ECM extracellular matrix 
ECOG Eastern Cooperative Oncology Group 
EGFR epidermal growth factor receptor  
ELISA enzyme linked immuno sorbent assay  
EPAS1 endothelial PAS (Per/Arnt/Sim) domain protein 1 
EpCAM epithelial cell adhesion molecule 
EPO erythropoietin 
ESR erythrocyte sedimentation rate 
FH fumarate hydratase 
FIH factor inhibiting HIF1 
Flk-1 fetal liver kinase-1 
Flt-1/3 FMS-like tyrosine kinase-1/3  
GLUT1 glucose transporter 1 
HHT1 hereditary hemorrhagic telangiectasia type 1 
HIF hypoxia-inducible factor 
IFN-α  interferon-α  
IL-2 interleukin-2 
IPAS inhibitory PAS (Per/Arnt/Sim) domain protein 
KDR kinase insert domain-containing receptor 
MAPK mitogen-activated protein kinase 
MDR-1 multidrug resistance gene 
MMP matrix metalloproteinases 
MRI magnetic resonance imaging 
mRNA messenger ribonucleic acid
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mTOR mammalian target of rapamycin 
MVD microvessel density 
PA plasminogen activator 
PBS phosphate buffered saline 
PCR polymerase chain reaction 
PDGF platelet-derived growth factor 
PDGFR platelet-derived growth factor receptor 
PECAM-1 platelet endothelial cell adhesion molecule-1 
pH potential of hydrogen 
PHD  prolyl hydroxylase 
PI3K phosphoinositide-3 kinase 
pRCC papillary renal cell carcinoma 
pVHL von Hippel-Lindau protein 
Raf Ras-activated factor 
RCC renal cell carcinoma 
RET rearranged during transfection 
RNA ribonucleic acid 
rRNA ribosomal ribonucleic acid 
RTK receptor tyrosine kinase 
siRNA small interfering RNA 
TGF-β  transforming growth factor-β 
TKI  tyrosine kinase inhibitors  
TMA tissue microarray 
TNM  tumour-node-metastasis 
U arbitrary units  
UICC Union International Contre le Cancer 
VE-cadherin vascular endothelial cadherin 
VEGF vascular endothelial growth factor 
VEGFR vascular endothelial growth factor receptor 
VHL von Hippel-Lindau 
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INTRODUCTION 
 
 
ANGIOGENESIS 
 
   Most cancer growth, if not all, is due to similar acquired alterations in cell 
physiology: self-sufficiency in growth signals, insensitivity to growth-
inhibitory signals, evasion of programmed cell death (apoptosis), limitless 
replicative potential, sustained angiogenesis, and tissue invasion and 
metastasis.1 During angiogenesis, new blood vessels develop from pre-existing 
blood vessels, unlike vasculogenesis, which is the de novo vessel formation 
from angioblasts or stem cells during embryonic development.2-4 Angiogenesis 
can be both normal and pathological. Physiological angiogenesis is observed in 
fetal and childhood growth, and in the formation of corpus luteum. 
Pathological angiogenesis is induced by tumours, myocardial infarction, 
stroke, chronic inflammation, psoriasis, diabetic retinopathy, macular 
degeneration, and wound healing,3-7 although the latter could also be labelled 
as a physiological response. 
 
   Angiogenesis can occur through sprouting, bridging, cooption, vascular 
mimicry, mosaic vessels, recruitment of circulating endothelial precursors, and 
intussusceptive growth from existing vessels.2, 6, 8 Angiogenic sprouting is a 
multi-step process normally including four sequential steps: (1) degradation of 
basement membrane and extracellular matrix (ECM) by proteases; (2) 
migration of endothelial cells (ECs) into the interstitial space and sprouting; 
(3) proliferation of ECs at the migrating tip; (4) lumen formation, generation of 
new basement membrane with the recruitment of pericytes for vascular 
stability, fusion of newly formed blood vessels, and finally blood flow.2, 4, 6, 8, 9  
 
 

Angiogenesis regulators 
 
   Tumour angiogenesis is regulated by the balance between angiogenic growth 
factors and inhibitors.4, 6-9 The vascular endothelial growth factor (VEGF) 
family is regarded as the most important proteins in angiogenesis.3, 6, 8-10 
VEGF-A binds to two receptor tyrosine kinases; VEGFR-1 (Flt-1) and 
VEGFR-2 (KDR, Flk-1), the latter of which is the main angiogenesis 
promoter.3, 10 VEGF and basic fibroblast growth factor (bFGF) act on ECs and 
induce angiopoietin-2 (Ang-2), which results in detachment of pericytes from 
the vascular wall and vessel destabilisation. Further stimulation of ECs 
promotes protease synthesis for degradation of ECM, and also EC migration 
and proliferation. ECs in new vessels produce platelet-derived growth factor 
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(PDGF), which attracts pericytes. Pericytes further produce Ang-1, which 
dominates Ang-2, which in turn leads to pericyte attachment and vessel 
stabilisation. At this stage, transforming growth factor-β (TGF-β) is activated, 
which causes maturation of neovessels.2-4, 9 During angiogenesis, several 
molecules are expressed in ECs, including matrix metalloproteinases (MMPs) 
and plasminogen activators (PAs) for ECM degradation, integrins for cell 
adhesion and migration, and vascular endothelial (VE)-cadherin for tube 
formation.4, 9  
 
   There are today 30-40 endogenous angiogenesis inhibitors identified, e.g. 
thrombospondin-1, endostatin, interferon-β, and angiostatin.4, 7, 9 Endostatin 
works through parallel mechanisms including direct interaction with VEGFR-2 
causing inhibition of VEGF-mediated signalling.11 Patients with Down 
syndrome have up to twofold elevated blood levels of endostatin due to a third 
copy of collagen XVIII on the trisomic chromosome 21.12 They have virtually 
no diabetic retinopathy,13 and the incidence of malignant tumours is <0.1%,14 
making them one of the most protected against cancer of all humans.7 
However, different reasons for this, apart from endostatin levels, should be 
taken into consideration.  
 
 

Angiogenic switch and tumour dormancy 
 
   In the early 1970s, Folkman and co-workers proposed that tumour growth is 
angiogenesis-dependant, and that blocking of the angiogenesis process could 
be a strategy to arrest tumour growth.15 The diffusion limit of oxygen is 
approximately 100 μm, requiring all mammalian cells to be located within 
100-200 μm of blood vessels.16 Consequently, when tumours fail to recruit 
new vessels, they remain dormant and microscopic at <1-2 mm in size, and 
hence harmless to the host, regardless of tumour cell proliferation rates.7, 17-19  
 
   The prevalence of cancers in situ among adults is high, but only a fraction 
become detectable tumours: 39% of women age 40-50 have carcinoma in situ 
in the breast, while 1% in the same age range are diagnosed with cancer. 
Microscopic carcinoma of the thyroid is found in 98% of individuals age 50-
70, while only 0.1% in this age range are diagnosed with the disease.17, 20 
Tumour dormancy is also observed among patients being treated for primary 
cancers, who later suffer from disease relapse.21 Theories around tumour 
dormancy involve hormone withdrawal, immunity, and cells in G0 phase: yet, 
several studies show that the induction of blood vessels dramatically increases 
tumour growth.17, 19, 22, 23  
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   This induction of angiogenesis, the “angiogenic switch”, is recognised as a 
critical step for tumour progression.24 The switch is driven by increased 
expression of angiogenic factors and proteins, by decreased expression of 
angiogenic inhibitors by tumour and stroma cells, and sometimes by 
recruitment of bone marrow-derived endothelial precursors.17 The switch is 
furthermore dependant on the balance between the angiogenic stimulators and 
inhibitors.24 Various switch trigger signals, such as hypoxia, low pH, 
hypoglycaemia, mechanical pressure, inflammatory response, and genetic 
mutations, have been discovered.6, 25 Their interplay, and ultimately the cause 
of the angiogenic switch, is still unknown.  
 
 

Hypoxia in tumours 
 
   In order to survive in a hypoxic environment, organisms have developed a 
number of systemic and cellular responses, including glycolysis, angiogenesis, 
vasodilatation, and erythropoesis.26 Tumour hypoxia is associated with poor 
prognosis, tumour aggressiveness, metastases, recurrence following treatment, 
and resistance to radiation therapy.26-28 Hypoxia in tumours induces via 
hypoxia-inducible factor (HIF) upregulation of genes associated with 
angiogenesis, pH adaptation, erythropoesis, glycolysis, glucose transport, and 
apoptosis. This large group of genes includes VEGF, carbonic anhydrase (CA) 
IX, erythropoietin (EPO), endoglin, and glucose transporter 1 (GLUT1).27, 29-34  
 
 
HIF and VHL in renal cell carcinoma 
 
   HIF is a basic helix–loop–helix heterodimeric transcription factor consisting 
of a constitutively expressed β subunit (ARNT) and one of three oxygen 
sensitive α subunits (HIF-1α, HIF-2α [EPAS1] or HIF-3α [IPAS]).27, 29, 33-38 
HIF-1α is overexpressed in many human cancers, and high levels are 
associated with increased mortality in cancers of the uterine cervix, breast, 
brain, bladder, and uterine corpus. However, decreased mortality has been seen 
in relation to high HIF-1α expression among patients with head-and-neck 
cancer, non-small cell lung cancer, and conventional renal cell carcinoma 
(cRCC).29-32, 34, 39, 40  
 
   Under normoxic conditions, the HIF-α subunits are rapidly degraded by the 
26S proteosome after being targeted for ubiquitination in a process that is 
dependant on the von Hippel-Lindau (VHL) gene. The HIF-α/pVHL 
interaction is regulated through hydroxylation of two proline residues, 
executed by three prolyl hydroxylases (PHD1-3). Decoration of HIF with 
ubiquitin chains earmarks it for degradation by the 26S proteosome. Under 
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hypoxic conditions, the PHDs are no longer active and the unmodified prolyl 
HIF-α no longer interacts with VHL and subsequently accumulates. If another 
hydroxylase, factor inhibiting HIF-1 (FIH), is inactive, this results in binding 
to HIF-1β and activation of downstream target genes.27, 29-34, 38, 41, 42 HIF 
synthesis is upregulated via the mitogen-activated protein kinase (MAPK) 
pathway, and via the mammalian target of rapamycin (mTOR) pathway, 
involving PI3K/Akt.30-32, 42, 43 mTOR is a serine/threonine kinase regulating 
both cell growth, metabolism, and proliferation.44, 45  
 
   The HIF-α subunits are regulated in similar ways, but occasionally have 
different biological functions.27, 31-34, 38, 46, 47 HIF-2α expression has been related 
to poor outcome in several malignancies, such as non-small cell lung cancer, 
malignant melanoma, bladder, head-and-neck, and colorectal cancer.48-52 HIF-
2α overexpression is important in the development of RCC, and it is suggested 
to be more oncogenic than HIF-1α.33, 38, 47, 53-57 VHL-defective cRCC cells have 
shown a bias toward HIF-2α rather than HIF-1α expression,33, 58, 59 with HIF-
2α promoting and HIF-1α inhibiting tumour growth in a cell lines.60 Studies 
made on RCC cell line 786-0 showed that activation of the hypoxia-induced 
pathway depended on HIF-2α, not HIF-1α, while the opposite was seen in 
breast cancer.61 Both HIF-1α and HIF-2α have been reported to be present in 
cRCC while being absent, or seen in low levels, in other RCC cell types and in 
normal kidney cortex.39, 58, 59  
 
   In cancer, the HIF system is activated both by microenvironmental hypoxia 
and by genetic changes.29, 32, 33, 38, 40, 62 In VHL-defective cells, HIF-α is 
constitutively stabilised, resulting in upregulation of hypoxia-inducible genes. 
Consequently, normal cells accumulate HIF only under hypoxic conditions, 
whereas cells lacking pVHL contain high levels of HIF irrespective of changes 
in oxygen levels.63 VHL is sometimes regarded as a gate-keeping tumour 
suppressor gene for development of cRCC.40, 55, 64 It has been reported that 
presence of VHL mutation as well as loss of pVHL expression among patients 
with early-stage cRCC is associated with improved survival compared with 
patients without this defect.65, 66  
 
 
CA IX 
 
   Otto Warburg discovered in the 1920s that tumour cells, unlike normal cells, 
preferentially use glycolytic rather than oxidative metabolism to generate ATP, 
even in the presence of abundant amounts of oxygen (aerobic glycolysis or 
“Warburg effect”). The consequence is an overload in lactate and CO2 that 
contributes to tumours having a lower pH than normal tissue, something that 
might promote cancer growth and metastases.26, 29, 31, 32, 67, 68  
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   CA IX is a trans-membrane enzyme69 that catalyses the reversible hydration 
of carbon dioxide into carbonic acid.70-73 Under normal circumstances, CA IX 
has a limited expression, being only sparsely found in stomach, gallbladder, 
pancreas, and small intestine.70, 71, 73, 74 In tumour progression, CA IX is 
believed to maintain a favourable acidic microenvironment, which may permit 
continued tumour cell proliferation and metastasising.67, 68, 71-74 In cRCC, CA 
IX is strongly induced both by hypoxia-induced pathway and accumulation of 
HIF-α, as well as via VHL mutation.56, 71-76 High expression of CA IX in VHL-
defective RCC cells is suppressed if wild-type VHL is reintroduced in the 
cell.77 CA IX also promotes the activation of Akt, which induces HIF-α and 
further CA IX expression, i.e. a vicious CA IX circle.68, 73  
 
   CA IX is virtually not expressed in normal human kidney tissue, but is 
generally overexpressed in RCC and particularly in cRCC.78-83 Chromophobe 
(ch)RCC has been reported not to express CA IX.81 In papillary (p)RCC, CA 
IX has been reported to show a perinecrotic distribution while the expression 
in cRCC is more uniform.75  
   In a number of malignancies, such as lung, uterine cervix, breast, and head-
and-neck cancer, increased CA IX expression is correlated with poor prognosis 
and/or with more aggressive tumours.84-87 Contrary to this, in cRCC, high CA 
IX expression is reported to associate with improved prognosis.83, 88, 89 High 
CA IX expression in cRCC can also predict a prolonged survival after IL-2 
therapy.90  
 
 

Microvessel density 
 
   In cancer, conventional prognostic parameters such as tumour stage and 
nuclear grade are important but cannot fully predict the outcome for the 
individual patient. Finding more refined prognostic instruments is necessary 
for accurate patient monitoring. Quantification of various aspects of tumour 
vasculature has been suggested to be such a tool. In the early 1990s, Weidner 
and co-workers reported that measurement of microvessel density (MVD) 
within isolated regions of high vessel concentration (“hotspots”) using light 
microscope was a prognostic indicator in cancer.91, 92 Slight variants of the 
method have been presented, and the most frequently used approach has been 
assessing separate cells or cell clusters stained with endothelial cell markers, 
such as factor VIII, CD34, CD31, and endoglin.91, 93, 94  
  
  MVD has been demonstrated to correlate to advanced tumour stage and poor 
clinical outcome in various cancers, including breast, urinary bladder, and 
prostate cancer.91, 95, 96 The data relating MVD to prognosis in RCC are more 
contradictory. In different studies, the relationship between MVD and tumour 
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aggressiveness has been demonstrated as both negative,97-102 positive,103, 104 as 
well as non-existent.105, 106  
   The MVD method has been criticised for overlooking vessel function, and 
for mainly reflecting metabolic demand and not angiogenic activity, and to 
simplify and misinterpret the relationship between tumour growth and vascular 
count.92-94, 107-109  
 
 
CD31 
 
   CD31, or platelet endothelial cell adhesion molecule-1 (PECAM-1), is a 
transmembrane glycoprotein belonging to the immunoglobulin superfamily of 
cell adhesion molecules presenting on the surface of platelets, leukocytes, and 
endothelial cells. It is involved in various cellular mechanism, including 
leukocyte transmigration, cell migration, angiogenesis, cell signalling, and cell 
adhesion.110, 111 Thus, anti-CD31 antibody can react with vascular as well as 
non-vascular tissue. In ECs, CD31 is reported to be involved in formation and 
stabilisation of cell-cell contacts, maintenance of a vascular permeability 
barrier, modulation of cell migration, and formation of new blood vessels in 
angiogenesis.110, 111  
   In previous MVD studies on brain, lung, stomach, breast, and colon cancer, 
CD31 was found to be less specific compared to other endothelial cell markers, 
such as endoglin.112, 113  
 
 
Endoglin 
 
   Endoglin (CD105) is a homodimeric transmembrane glycoprotein that is 
highly expressed in proliferating ECs associated with angiogenesis, and is 
expressed at higher levels in tumour-associated vascular endothelium than in 
normal tissue. It is a receptor for TGF-β1 and -β3, and interacts with TGF-β 
receptors I and/or II leading to phosphorylation of downstream Smad proteins 
and further influence on angiogenesis.114-117 Endoglin is upregulated by 
hypoxia via HIF.116, 118  
   Endoglin plays an important role in cardiovascular development and vascular 
remodelling. This was demonstrated in knockout mice whose embryos die at 
11.5 days of gestational age because of vascular and cardiac abnormalities.119 
Moreover, the gene encoding endoglin is a target for hereditary hemorrhagic 

telangiectasia type 1 (HHT1), a vascular disorder.120  
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Anti-angiogenic therapy 
 
   Angiogenesis inhibitors can work in different ways by blocking a single or a 
broad spectrum of angiogenic factors and/or by upregulating endogenous 
angiogenesis inhibitors like thrombospondin-1. Many angiogenesis inhibitors 
are currently in clinical practice and trials, where inhibitors of the VEGF 
pathway are the most advanced. Various strategies to inhibit VEGF include 
anti-VEGF antibodies, VEGFR tyrosine kinase (RTK) inhibitors, soluble 
VEGFR such as the ”VEGF-trap”, extracellular aptamer-inhibitors, 
intracellular small-molecule VEGF RTK inhibitors, and antisense and siRNA 
targeting VEGF-A or its receptors.4, 121 
 
   Bevacizumab (Avastin), a humanised anti-VEGF-A monoclonal antibody, is 
approved for first-line treatment together with chemotherapy in metastatic 
colorectal cancer, breast cancer, and non-small cell lung cancer in Europe 
and/or the U.S.122, 123 It is currently included in phase III trials in RCC and 
other tumour types, showing promising preliminary results.124, 125 Erlotinib 
(OSI-774, Tarceva) is an inhibitor of epidermal growth factor receptor (EGFR) 
tyrosine kinase. It is approved for second- and third-line treatment of patients 
with advanced non-small cell lung cancer, and is used together with 
gemcitabine (Gemzar) in advanced pancreatic cancer.126  
 
   Anti-angiogenic treatment can be used together with chemotherapy or 
radiation. It is discussed why these drugs work synergistically. Tumour blood 
vessels are leaky, tortuous, dilated, saccular, and disorganised. This contributes 
to heterogeneity in tumour blood flow, interstitial hypertension, hypoxia, and 
acidosis.2-6 The abnormal vasculature forms an obstacle for cancer treatment 
for various reasons: non-functional tumour vessels lead to decreased drug 
delivery, the DNA damage mediated by radiation and some chemotherapeutics 
is oxygen dependant, and hypoxia influences cell proliferation and 
apoptosis.127 It is suggested that anti-angiogenic drugs initially improve the 
structure and function of tumour vessels, “vessel normalisation”, and thereby 
optimise the delivery of adjuvant therapies.5, 128 Anti-angiogenic therapy may 
also prevent rapid tumour cell repopulation, and increase the anti-vascular 
effect of chemotherapy.129  
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RENAL CELL CARCINOMA 
 
 

Epidemiology 
 
   The incidence of kidney cancer has been increasing worldwide since the 
1970s. The highest incidence rates are found in France, Italy, Germany, and 
the U.S., and the lowest in India, China, and Japan. In Sweden, the incidence 
rate is among the highest, but seems to remain stable.130 Between 1961 and 
1973, incidental diagnosis of RCC occurred in 13% of the cases,131 while the 
same was observed in 61% of the cases during 1989-93.132 The rise is 
presumably due to improvements in diagnosis and increased use of 
ultrasonography, computed tomography (CT), and magnetic resonance 
imaging (MRI). Still, both mortality and incidence of advanced tumours have 
also risen, which precludes the detection of pre-symptomatic tumours as a 
complete explanation of the rising incidence in RCC cases. The 5-year relative 
survival rate is, however, improving.133 When presenting with metastatic 
disease (stage IV), median survival time is 6-12 months,134 and 5-year survival 
rate is reported as low as 11%.135 In high-income countries, kidney cancer 
accounts for 2-3% of all adult malignancies with ~80% being renal cell 
carcinoma (RCC).136-139 In the U.S., median age at diagnosis is 65 years. RCC 
is more common among Afro-Americans than other ethnical groups within the 
U.S., and is twice as common among men than women.140  
 
 

Aetiology: risk factors and genetics 
 
   RCC is known to be associated with cigarette smoking. Smoking is claimed 
to cause 20-30% of all RCC, and current smokers run up to double the risk of 
getting the disease.136, 139, 141-144 Obesity increases the risk more than 
twofold,145, 146 although an inverse correlation between body mass index and 
survival has been reported.147 Hypertension is also strongly associated with 
development of RCC.146, 148 Other risk factors are abuse of analgetics,149 
urinary tract infections,150 low leisure-time physical activity,151 thiazidic drug 
intake,142 and hysterectomy and high number of births.152 Various occupational 
exposures, such as asbestos, petroleum products, heavy metals, and dry-
cleaning solvents, have also been reported to increase the risk.153 A diet low on 
proteins and rich on fruits, vegetables, calcium, and vitamin E has a protective 
effect,154 as well as moderate alcohol intake among women.155  
 
   Genetic susceptibility associated with both sporadic and inherited RCC has 
been reported. Mutations in the VHL tumour suppressor gene (3p25-26)156 are 
associated with sporadic cRCC in 50-70% of the patients,55, 157, 158 as well as 
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with the von Hippel-Lindau disease, an autosomal dominantly inherited 
familial cancer syndrome predisposing for cRCC. Hereditary pRCC is related 
to mutations in the MET proto-oncogene (7q31-34),159, 160 and in the fumarate 
hydratase (FH) gene (1q42.3-43).161 The Birt-Hogg-Dubé (BHD) syndrome, 
related to development of RCCs of all cell types,162 is associated with 
mutations in the BHD/folliculin gene (17p11.2).163 There is also a familial 
renal oncocytoma described.164 Out of all RCCs, 2-4% are found in association 
with inherited syndromes.162, 165  
 
 

Classification of tumour types 
 
   Renal cell neoplasms in adults are most commonly divided into different 
histological subtypes according to the Heidelberg and UICC/AJCC 
classification.166, 167 Benign tumours are subdivided into metanephric adenoma 
and adenofibroma, papillary renal cell adenoma, and renal oncocytoma. 
Malignant tumours are classified into common or conventional (clear cell) 
RCC, papillary RCC, chromophobe RCC, collecting duct carcinoma (variant: 
medullary carcinoma), and unclassified RCC (Figure 1).  
 

 

cRCC 

  

pRCC chRCC 
 

Figure 1. Immunohistochemical haematoxylin-eosin staining of malignant kidney 
tumours. Original magnification x20 (cRCC = conventional renal cell carcinoma; 
pRCC = papillary RCC; chRCC = chromophobe RCC). 
 
 
    cRCC is the most common renal carcinoma comprising 70-75% of cases in 
surgical series. They are characterised by cells with clear cytoplasm in routine 
sections, although foci with eosinophilic cytoplasm are common. They have a 
delicate, branching vasculature, and the growth pattern may be solid, 
trabecular, tubular, and cystic, although focal areas of papillary growth may be 
seen.166, 167  
   pRCC accounts for 10-15% of renal neoplasms in surgical series. A papillary 
growth pattern predominates, although tubulo-papillary and solid architecture 
may be seen. pRCC is further classified into type 1 and 2 according to 
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histological168 and genetic169 features. Cells in type 1 tumours are small with 
pale cytoplasm, whereas type 2 tumours have large cells, eosinophilic 
cytoplasm, and pseudostratified nuclei. Psammoma bodies, foamy 
macrophages, and oedema fluid are common in the papillary cores.166-168  
   chRCC comprises 5% of the cases in surgical series. The cells contain many 
microvesicles and have pale or eosinophilic granular cytoplasm that stains blue 
with Hale’s colloidal iron stain. Solid architecture is most common and cells 
vary widely in size. In routine sections, the cytoplasm condenses near the cell 
membrane, producing a halo around the nucleus.166, 167  
   Collecting duct carcinoma (variant: medullary carcinoma) accounts for <1% 
of renal cell neoplasms in surgical series. They are characterised by irregular 
channels lined by highly atypical epithelium that sometimes has a hobnail 
appearance. No consistent pattern of genetic abnormalities has been 
established.166, 167  
   Unclassified RCC is a category where renal carcinomas that do not fit into 
one of the categories are assigned. This subtype represents 3-5% of tumours in 
surgical series.166, 167  
 
 

Prognostic factors 
 
Clinical and patient-related factors 
 
   Good performance status (low ECOG [Eastern Cooperative Oncology 
Group] score), metastases limited to one organ, low erythrocyte sedimentation 
rate (ESR), no tumour thrombus formation, and normal s-calcium are factors 
related to longer survival.170, 171 On the other hand, hypercalcaemia,172 and 
cachexia-related findings such as hypoalbuminaemia, weight loss, anorexia, 
and malaise, are reported to be predictors of poor prognosis.173, 174 The 
presence of thrombocytosis in patients with metastatic RCC treated with 
nephrectomy and various adjuvant therapies is a predictor of poor outcome.175  
 
 
Tumour type 
 
   Depending on histological subtype, RCCs present with different clinical 
outcome. Patients with cRCC have poorer survival rate than patients with 
pRCC or chRCC. The 5-year disease-specific survival rate in cRCC, pRCC, 
and chRCC is 55-75%, 65-85%, and 85-100%, respectively.135, 176, 177 cRCCs 
more often present with more advanced tumour stage and grade.135, 176, 178, 179 
Patients with chRCC are younger.135 pRCC type 2 tumours have been reported 
to be of higher tumour stage and grade, to have a worse prognosis, and to 
affect younger patients than those with pRCC type 1 tumours.168, 169  
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Table 1. TNM classification and stage grouping of RCC. 181 

T - Primary Tumour 

TX Primary tumour cannot be assessed 
T0 No evidence of primary tumour 
T1 Tumour 7 cm or less in greatest dimension, limited to the kidney 
T1a Tumour 4 cm or less in greatest dimension, limited to the kidney 
T1b Tumour more than 4 cm but not more than 7 cm in greatest dimension, 

limited to the kidney 
T2 Tumour more than 7 cm in greatest dimension, limited to the kidney 
T3 Tumour extends in major veins or invades adrenal gland or perinephric 

tissues but not beyond Gerota’s fascia 
T3a Tumour invades adrenal gland or perirenal and/or renal sinus fat but not 

beyond Gerota’s fascia 
T3b Tumour grossly extends into renal vein or its segmental branches or 

vena cava below diaphragm 
T3c Tumour grossly extends into vena cava above diaphragm or invades the 

wall of the vena cava 
T4 Tumour invades beyond Gerota’s fascia 

N - Regional Lymph Nodes 

NX Regional lymph node metastases cannot be assessed 
N0 No regional lymph node metastases 
N1 Metastases in a single regional lymph node 
N2 Metastases in more than one regional lymph node 

M - Distant Metastases 

MX Distant metastases cannot be assessed 
M0 No distant metastases 
M1 Distant metastases 

Stage grouping 

Stage I T1 N0 M0 
Stage II T2 N0 M0 
Stage III T1 N1 M0 
 T2 N1 M0 
 T3 N0, N1 M0 
Stage IV T4 N0, N1 M0 
 Any T N2 M0 
 Any T Any N M1 

 21



 

TNM stage 
 
   The tumour-node-metastasis (TNM) staging system is the most important 
and extensively used prognostic tool for RCC.144, 180 TNM stage reflects 
anatomic extension of the tumour and recognises four subdivisions. The 
system takes tumour size, extension of RCC beyond the renal capsule, 
involvement of renal vein or inferior vena cava, metastases to regional lymph 
nodes, and distant metastases into consideration (Table 1).181 The 5-year 
cancer-specific survival rate for patients with RCCs in the different stage 
groups is 91-100% for TNM I, 74-96% for TNM II, 55-70% for TNM III, and 
11-32% for TNM IV.135, 144, 170 
 
 
Nuclear grade 
 
   Various nuclear grading systems have been proposed (Table 2).182, 183 They 
take the nuclear content, size, and shape into account. The 5-year cancer-
specific survival rate is 76-94% for G1, 71-86% for G2, 46-59% for G3, and 
15-35% for G4.135, 184, 185 It has been suggested that nuclear grade has higher 
significance in low stages.186, 187  
 
 

Table 2. Nuclear grading system according to Skinner and Fuhrman.182, 183 

Grade Skinner Fuhrman 

1 Nuclei are round and uniform 
(~10 μm) with inconspicuous or  
absent nucleoli 

Nuclei are small and 
indistinguishable from those 
seen in normal cells 
Nuclei are slightly irregular and 
frequently pyknotic without 
abnormal nucleoli 

Nuclei are slightly irregular 
(~15 μm) with evident nucleoli  

2 

3 Nuclei are irregular, enlarged 
and pleomorphic with prominent 
nucleoli 

Nuclei are very irregular (~20 μm)  
with large and prominent nucleoli 

4 Nuclei are extremely large and 
bizarre 

Nuclei are bizarre and multilobated 
(>20 μm) with prominent nucleoli  
and chromatin clumped 
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Molecular markers 
 
   Different kinds of biochemical and molecular markers, such as ferritin, CA 
IX, HIF-1α, VEGF, VEGFR, bFGF, Ki-67, p53, γ-enolase, EpCAM, CD44, 
CD95, and loss of heterozygosity, have been tested in RCC. Some are 
promising, either individually or combined with others, but so far none fulfils 
the criteria to be considered an ideal marker for RCC.180, 188-191  
 
 

Clinical aspects 
 
Symptoms 
 
   Symptoms caused by RCC are generally due to growth beyond the renal 
capsule or extensive tumour mass, but can also be seen among localised 
tumours. The classic triad of Virchow is seen only in 5-15% of new cases 
presenting with RCC,192, 193 while macroscopic hematuria, palpable abdominal 
mass, and flank pain occur individually as onset symptoms among 50-60%, 
25%, and 40% of the patients, respectively.193, 194 Paraneoplastic 
manifestations, such as hypercalcaemia, cachexia, fever, night sweats, malaise, 
hepatic dysfunction, anaemia, and amyloidosis, are present in up to 20% of 
patients with RCC,195 most often in advanced stages. Roughly half of the cases 

are now detected because a renal mass is incidentally identified on 
radiographic examination.165  
 
 
Diagnosis 
 
   Hematuria is an important clinical clue to the diagnosis of RCC and should 
always be evaluated by CT, MRI, or ultrasound and intravenous urography. In 
patients older than 40 years, cystoscopy should be performed to rule out 
bladder cancer. When diagnosed, staging and evaluation of the presence of 
metastases is completed before treatment.165, 196 
 
 
Surgical treatment 
 
   Surgical excision is the only curative treatment for localised RCC. Open 
radical nephrectomy is most often performed, although laparoscopic and 
nephron/adrenal-sparing partial nephrectomy is gaining acceptance.165, 196, 197 
Nephrectomy in metastatic RCC has proven to increase overall survival. If 
presenting with single metastasis after nephrectomy, metastasectomi can be 
performed. Best results are obtained in pulmonary metastases.124, 197  
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Systemic treatment 
 
   Medical treatment of advanced RCC is largely unsuccessful. Response rate 
of chemotherapy alone is 5-10%.198, 199 The resistance to systemic 
chemotherapy might be related to the multidrug resistance gene (MDR-1), a 
possible neutraliser of cytotoxic agents that is commonly found in renal 
tumours,200 or to slow or unpredictable RCC growth rate, which might offer 
protection against chemotherapy designed to target rapidly dividing cells.197 
 
   Immunomodulatory therapy with cytokines is part of today’s treatment. The 
general mechanism of action is to boost tumour antigenicity and/or host 
surveillance. Interferon-α (IFN-α) is the only immunomodulater approved for 
use in Europe. The response rate for IFN-α alone is 8-26% with a complete 
response rate being 2-7%.201 IFN-α leads to an improved 1-year survival of 
12%, and an improvement in the median survival from 6.5 to 8 months, or 
from 37.6 to 67.6 weeks.202, 203 Another cytokine, interleukin-2 (IL-2), is 
approved for treatment of metastatic RCC in the U.S. IL-2 and IFN-α show 
similar response rates.124, 204 Cytokines are expensive and can cause significant 
side effects.192, 196, 204 
 
   In 2006, Sorafenib (Bay 43-9006, Nexavar), an inhibitor of Raf-1 kinase, 
VEGFR1-3, PDGFRβ, c-Kit (CD117), and FMS-like tyrosine kinase 3 (Flt3), 
was approved for treatment of advanced RCC.124, 126, 205 In a randomised phase 
III study, the median overall survival was 19.3 months for sorafenib versus 
15.9 months for placebo (p = 0.015).206  
   Sunitinib (SU11248, Sutent) is also approved for treatment of metastatic 
RCC. It is an oral inhibitor of VEGFR-2, PDGFRβ, c-Kit, and Flt3 
receptors.124, 126, 205 In a randomised phase III study, the median progression-
free survival was 11 months for sunitinib versus 5 months for IFN-α (p < 
0.0001).207 
   In May 2007, Temsirolimus (CCI-779, Torisel), a rapamycin analogue 
inhibiting mTOR kinase,124, 208 was approved in the U.S. for treatment of 
advanced RCC. In a phase III study, weekly intravenous treatment prolonged 
overall survival compared with interferon treatment. As a single agent, 
temsirolimus is better tolerated than interferon.209 
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AIMS OF THE THESIS 
 
 
 
 

I To evaluate the prognostic information of immunohistochemical 
expression of endoglin in patients with renal cell carcinoma 
(RCC) by using the tissue microarray (TMA) technique.  

 
 
II To investigate the prognostic impact of CD31 expression in 

patients with RCC by using immunohistochemistry and the TMA 
sectioning technique. 

 
 
III   To assess whether CA IX expression gives prognostic 

information in RCC using immunohistochemistry on tissue 
microarray sections containing a large number of archived RCC. 

 
 
IV To evaluate the prognostic role of hypoxia-inducible factor-2α 

(HIF-2α) mRNA expression in human RCC using real-time PCR.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 25



 

MATERIAL AND METHODS 
 
 

Patients 
 
   Patients included in the study all had histopathologically verified RCC and 
underwent nephrectomy between 1982 and 2003 at Umeå University Hospital, 
Sweden. None had prior treatment with radiation, chemotherapy, or 
immunotherapy. The patients underwent a physical examination, chest 
radiography, and CT of the abdomen. When vena cava tumour thrombus 
invasion was suspected, cavography or MRI was performed. Patients with 
skeletal-associated pain or elevated serum alkaline phosphatase were assessed 
with bone scintigraphy. After treatment, the patients were followed-up 
according to a program including regular clinical and radiological 
examinations. 
 
   Papers I-III include patients operated between 1982 and 1997, and patients 
included in Paper IV were operated between 1985 and 2003. A total of 308 
patients were included in the study. There were 210 patients included in Paper 
I, 208 in Paper II, 228 in Paper III, and 202 in Paper IV (Table 3). In Paper I-
III, a total of 229 patients from the same tissue microarrays (TMA) were 
included (Figure 2). The patients are further described in each paper, including 
follow-up characteristics, and age and gender distribution. 
   All tumour samples were obtained after permission from the patients, and 
during the last years with informed and signed consent. The study was 
approved by the ethics committee of Umeå University.  
 
 

Table 3. Patient distribution in the human renal cell carcinoma material. 

Tumour type  Angiogenic factor Patients (n) 

cRCC pRCC chRCC 

Endoglin (CD105) 210 168 28 14 

CD31 (PECAM-1) 208 167 28 13 

19
82

- 
19

97
 

CA IX 228 183 31 14 

19
85

- 
20

03
 

HIF-2α 202 168 23 11 
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Figure 2. Distribution of patients in Paper I-III using tissue microarray.  
 
 

Classification, staging, and grading 
 
   The RCC types were assessed according to the Heidelberg and UICC/AJCC 
classification. 166, 167 Further tumour staging was performed according to the 
TNM stage classification system 2002,181 and nuclear grading initially 
according to Skinner et al.,182 with a second review according to Fuhrman et 
al.183 Tumour size was measured at the maximum diameter on CT or on the 
surgical specimens from the pathological report. Stage and grade distribution 
in the material is further described in the individual papers.  
 
 

Tissue collection and preparation 
 
   From the surgical specimen, tumour and kidney cortex tissue samples were 
selected and divided into smaller pieces. One part was immediately frozen in 
liquid nitrogen and stored in -80°C until analysis. Other parts were formalin-
fixed and paraffin-embedded for routine morphological examination and 
immunohistochemical staining.  
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Immunohistochemistry and tissue microarray 
 
   Representative paraffin tumour blocks, selected by primary evaluation of 
haematoxylin/eosin-stained slides, were chosen for TMA preparation. Two 
tissue cores were taken from each tumour with a sample needle (0.6 mm 
diameter) and placed in a recipient paraffin-block occupied by 98 tissue cores 
(Beecher Instruments, USA) (Figure 3).  

Figure 3. Principles of tissue microarray. Photomicrograph courtesy of David 
Seligson, M.D., University of California at Los Angeles.  
 
 
   For microscopic evaluation, 4-µm paraffin sections were sliced and 
processed following standard procedures with de-paraffinisation and 
rehydration. The slides were stained with antibodies according to Table 4. 
Processing in Paper I-II took place in an automated immunohistochemistry 
stainer (Ventana ES, Ventana Medical Systems, USA) with iView DAB, and 
Proteas 1 for proteolytic induced epitope retrieval. In Paper III, antigen 
retrieval was carried out by microwave treatment in citrate buffer, followed by 
blocking of endogenous peroxidase in PBS with 3% H2O2. After antibody and 
avidin-biotin complex incubation, the slides were developed in DAB. Finally, 
amplifying with chromogen enhancer (Paper I-II), and counterstaining with 
haematoxylin were implemented. More detailed description is to be found in 
the individual papers. In addition, in Paper I, one out of the six array glasses, 
as well as large regular formalin tissue samples from ten tumours with 
negative and high endoglin expression in the corresponding TMA, 
respectively, were stained with endoglin to evaluate the technique.  
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Table 4. An overview of the primary antibodies used for immunohistochemistry in 
this thesis.  

Specificity Antibody Manufacturer Dilution 
 

Endoglin (CD105) 
 

SN6h 
 

Dako, Denmark 
 

1:10 

CD31 (PECAM-1) JC70A Dako, Denmark 1:20 

CA IX M75 Experimental Urology,  1:100 
University Medical Center  
Nijmegen, the Netherlands 

 
 
   The immunostaining was evaluated by one (Paper I-II) or three (Paper III) of 
the authors without any knowledge of patient data. The staining was assessed 
in the entire tissue core (0.283 mm2) at 25x magnification (Paper I-II), and at 
10x magnification and additionally in 25x/40x in cases where scoring was 
more difficult (Paper III), respectively. All positively stained cells or distinct 
and separable cell clusters were counted or scored, regardless of staining 
intensity. In Paper I-II, the presence of a visible blood vessel lumen was not 
required to be defined as positive.91, 210 In Paper III, the extent of staining was 
recorded as a percentage (five-percent intervals) of the tumour cells that had 
positive CA IX expression. A consensus was reached after individual 
assessments.  
   For each tumour, the mean value of the two biopsies was used in further 
analysis. Samples from tumours with only one assessable tissue core were 
excluded from the study, a fact that explains some of the differences in the 
number of patients between Paper I-III.  
 
 

mRNA quantification with real-time PCR 
 
   Total RNA was isolated from the frozen specimens using the TRIzol method 
(Invitrogen, Sweden). RNA concentrations were quantified 
spectrophotometrically at 260 nm (Lamda 2 UV/VIS, Perkin Elmer, Sweden). 
Electrophoresis was run and RNA quality verified by ethidium bromid staining 
of 18S and 28S rRNA, and/or with Agilent 2100 Bioanalyzer (Agilent 
Technologies, Germany) on selected samples. Complementary DNA (cDNA) 
was made from 250ng total RNA (all samples in duplicates) by SuperScript II 
reverse transcriptase (Invitrogen, Sweden) in 20 μl reaction, according to the 
manufacturer’s instructions by PCR. 
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   Quantification of HIF-2α mRNA was done by real-time PCR using 
LightCycler FastStart DNA Master SYBR Green I technology (Roche Applied 
Science) and a LightCycler instrument (Roche). PCR was performed in 20 μl 
reaction volume, containing cDNA corresponding to 25 ng RNA, 3mM MgCl2, 
2 μl DNA Master SYBR Green I, and 0,5 μM of each primer  (Hif-2α Left: 5`- 
TTG ATG TGG AAA CGG ATG AA – 3` Right: 5`- GGA ACC TGC TCT 
TGC TGT TC – 3`). The PCR reaction was initiated with a 10-min activation 
step at 95°C, followed by 45 cycles of 95°C denaturation for 15 s, 62°C primer 
annealing for 10 s, and 72°C extension for 10 s. A melting curve at 98°C for 
PCR product identification was done (Figure 4). Negative controls were run to 
confirm that the samples were not cross-contaminated. The relative mRNA 
values of HIF-2α in the samples were calculated from a standard curve of five-
fold serial dilution of reversed transcribed total RNA from a reference sample 
and one control (Figure 5). The target values were presented as relative values 
in comparison to the reference sample.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. A melting curve with tumour samples run with HIF-2a primer pair        
(-d(F1)/dT = Rate of change of fluorescence units with time [T]).  
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Figure 5. A standard curve of five-fold serial dilution of reversed transcribed 
total RNA (cDNA) from a reference sample. 

 
 

Storage time 
 
   As a control of the stability in the material, the relationship between 
expression of every individual angiogenic factor and storage time was 
evaluated. There were differences between some of the groups, such as a 
decline in CD31 expression by time. Still, none was constantly repeated in the 
material, and therefore interpreted as being due to chance.  
 
 

Statistics 
 
   In Papers I-III, tumours with TNM stages I and II, and nuclear grades 1 and 
2, respectively, were evaluated together for statistical analyses, due to 
relatively few observations in stage II and grade 1. Statistical analysis was 
performed using non-parametric tests: Mann-Whitney U-test and Kruskal-
Wallis test when analysing differences in mean value between independent 
groups, and Pearson Chi-square test and Fisher’s exact test when analysing 
relationships between categorical variables. Spearman correlation coefficient ρ 
(rho) was computed to express relationships between variables. Survival was 
assessed and illustrated using the Kaplan-Meier method,211 and survival time 
was compared using the log-rank test. Multivariate regression analysis was 
performed by the Cox proportional-hazards model.212 Statistical analysis was 
performed using the SPSS 12.0 software. P-values of <0.05 were considered 
statistically significant. 
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RESULTS AND DISCUSSION 
 
 
PAPER I-II 
 

Results 
 
   The results in Paper I and II showed similar patterns and are therefore 
presented together. The correlation coefficient r between the expression of 
CD31 and endoglin in RCC was 0.44 (p <0.001). In total, 210 patients were 
included in Paper I, and 208 in Paper II, with 203 patients being included in 
both studies. Further analysis was mainly focused on the cRCC patients, 168 
and 167, respectively, due to few observations of pRCCs and chRCCs. 
 
   Among the cRCCs, 25% did not express endoglin, while 7% did not express 
CD31. There was a higher endoglin expression in cRCC than in pRCC and 
chRCC. There was also a higher CD31 expression in cRCC than in pRCC, but 
no difference was observed compared to chRCCs. In cRCC there was an 
inverse correlation between MVD, and TNM stage and nuclear grade. There 
was also an inverse correlation between tumour diameter and CD31 expression 
(r = -0.224) in cRCC tumours. This was not observed in Paper I. There was no 
correlation between MVD and patient age or gender.  
 
   Survival was evaluated according to the Kaplan–Meier method. The median 
follow-up time from diagnosis for surviving patients was 152 (Paper I) and 
150 (Paper II) months (range 73–263). Patients with cRCCs in the highest 
quartile of both endoglin and CD31 expression had a more favourable 
prognosis compared with patients with tumours in the three lower quartiles. 
Contrary to this observation, patients with pRCC tumours and a MVD level 
below the median tended to have a better prognosis, but not statistically 
significantly.  
   Endoglin and CD31 expression, age, gender, nuclear grade, and TNM stage 
in cRCC were included in a multivariate analysis using a Cox proportional-
hazards model. After the final step analysis, endoglin and CD31 added no 
prognostic information, while stage and grade remained as independent 
prognostic factors.  
 
 

Comments 
 
   In these studies, it was shown that decreasing endoglin and CD31 expression 
is associated with more advanced TNM stage, nuclear grade, and worse 
prognosis in cRCC. There was also an inverse correlation between tumour 
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diameter and CD31 expression in localised cRCC tumours. Similar inverse 
correlation between tumour aggressiveness and MVD in cRCC has previously 
been shown.97-102 Opposite103, 104 and non-predictive105, 106 observations have 
also been reported.  
   An increased MVD has been observed to associate with advanced 
pathological stage and poor clinical outcome in various types of malignant 
neoplasms, such as breast, urinary bladder, and prostate cancer.91, 95, 96 An 
opposite relationship in cRCC could be explained by the close connection with 
mutation in the VHL tumour suppressor gene; this is further discussed below.  
   Higher MVD in cRCC compared to pRCC (endoglin and CD31) and chRCC 
(endoglin) was also found, which has been shown by others using CD31,98, 106 
and factor VIII.105  
 
   MVD can be measured with immunostaining using various antibodies. CD31 
has previously been found to be less specific and produce more false-positive 
immunohistochemical staining compared to endoglin.112, 113 Endoglin is 
believed to have a greater affinity for activated ECs participating in 
angiogenesis, whereas CD31 reacts with vascular as well as non-vascular 
tissue. This could explain why the CD31 expression in general was higher than 
the endoglin counts. The CD31 and endoglin expression showed a similar 
pattern. Furthermore, CD31 and endoglin showed a corresponding expression 
in relation to nuclear grade. In correlation to survival, CD31 had a higher 
predictive value compared to endoglin, whereas endoglin showed a stronger 
correlation to TNM stage compared to CD31. Overall, a higher prediction of 
one of the vascular factors over the other could not be found. These findings 
are contradictory to the suggestion that endoglin is superior to CD31 in the 
evaluation of microvessel density in selected neoplasms. On the other hand, 
Mineo et al.213 found that CD34, a pan-endothelial marker such as CD31, was 
an independent prognostic indicator in non-small cell lung cancer while 
endoglin was not, but neither was CD31. It was speculated that CD34 and 
tumour vessel invasion are more strictly related to the metastatic process than 
to angiogenesis by itself. 
 
   However, CD34 is believed to be expressed in differentiated ECs, whereas 
CD31 is expressed in both differentiated and undifferentiated endothelia.214 
Yao et al.215 found that higher undifferentiated MVD (CD31+/CD34-/CD105-) 
correlated with higher tumour grade and worse prognosis in patients with 
cRCC, while the opposite was observed in tumours with higher differentiated 
MVD (CD34+/CD105+). Undifferentiated MVD was an independent 
prognostic factor. Each individual EC marker still had an inverse correlation to 
tumour aggressiveness, similar to the results presented here. Differentiated and 
undifferentiated MVD correlated inversely to each other, and patients 
presenting with a combination of high differentiated and low undifferentiated 
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MVD had a better prognosis compared with patients with the opposite 
combination. This reveals a difference in tumour microvasculature that seems 
to have prognostic implications.  
 
   The interpretation of MVD is subject for further discussion. MVD in RCC is 
higher than in many other cancer forms, but lower than in normal kidney,216 
indicating that MVD is not equivalent to angiogenic activity or dependence. 
Opposite observations have also been reported.217 Since all tumours depend on 
angiogenesis,15 MVD is rather a measurement of intercapillary distance and 
the metabolic needs of the cancer cells, something that is tissue-specific and 
dependant on tumour progression. Tumours are usually hypoxic, with lower 
oxygen and nutrient consumption rate than corresponding normal tissue. In 
addition, tumour cells show resistance to apoptosis under hypoxic 
conditions,218 which allows greater intercapillary distance.92 Rak et al.219 
suggest that MVD reflects the “vascular demand” of the tumour, i.e. the ability 
of a cancer cell to withstand the compound effect of blood vessel withdrawal 
and chronic ischaemia. High MVD could therefore reflect the inability of 
certain cancer cells to reach and thrive at long distances from nearby vessels. 
Genetic changes that promote resistance to hypoxia and apoptosis may reduce 
the vascular demand.  
 
   Besides being a prognostic tumour marker, MVD has been suggested to be a 
tool for planning and evaluating anti-angiogenic treatment. It has been shown, 
however, that MVD is of limited use in predicting anti-angiogenic effect220 and 
measuring treatment response.92 Therapy-related changes in MVD are 
determined based on the reduction of both vessel and tumour cells, something 
that is not consecutive. Tumour blood vessels are abnormal and dysfunctional, 
contributing to heterogeneity in tumour blood flow.5, 128 A tumour can also be 
over-vascularised due to overproduction of angiogenic factors. This indicates 
that successful anti-angiogenic treatment not necessarily leads to immediate 
reduction of tumour cells or MVD.92, 109  
 
   MVD is measured using endothelial markers. Since vessel recruitment in 
tumours can occur through different mechanisms apart from sprouting 
angiogenesis,2, 8 it should be taken into consideration that some aspects of 
tumour vascularity might not be highlighted using this technique.  
 
   The TMA technique is commented in the next section (Paper III).  
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PAPER III 
 

Results 
 
   CA IX staining was evaluated in 228 patients. The CA IX expression was 
significantly higher in cRCC than in pRCC and chRCC, but there was no 
difference between pRCC and chRCC. No CA IX expression was found in 45 
(38%) tumours, of which 21 were cRCC (12% of all cRCC), 15 pRCC (48% of 
all pRCC), and 9 chRCC (64% of all chRCC).  
   No correlation between CA IX expression, and TNM stage, nuclear grade, 
patient age, gender, or tumour diameter was observed in any of the three RCC 
tissue subtypes.  
 
   The median follow-up time from diagnosis for surviving patients was 152 
months (73-263). Survival analysis was mainly focused on the 183 patients 
with cRCC since the number of patients with pRCC or chRCC was limited. 
The cRCC patients were divided arbitrarily into three groups according to CA 
IX expression (0-10%, 11-90%, and 91-100%). Patients with cRCC in the 
lower group had a significantly less favourable prognosis than those with 
higher expression. When the patients were subdivided according to stage, CA 
IX expression had no impact on prognosis for those with TNM stage IV, but 
only for patients with stage I-III disease.  
   To evaluate the prognostic impact of CA IX expression for patients with 
pRCC, the group was subdivided by the median of 2.5. Disease-specific 
mortality was 53% for those with expression below, and 50% for those with 
expression above median, a non-significant difference.   
   To assess the prognostic impact of CA IX expression in patients with cRCC, 
a multivariate analysis was performed. Disease-specific survival, age, gender, 
nuclear grade, and TNM stage were included in the analysis. After the final 
step evaluation, patients with low CA IX expression (0-10%), higher stage, 
and nuclear grade, respectively, had a significantly worse prognosis.  
 
 

Comments 
 
   Normal human kidney tissue does not express CA IX.78, 81, 83 In this study, a 
difference in CA IX expression between different tumour cell types was 
observed. cRCC tumours showed very high CA IX expression (median 95%) 
with few negative cases, while pRCCs and chRCCs presented with lower CA 
IX expression (median 2.5% and 0%, respectively). This is also demonstrated 
by others.75, 79-82 CA IX expression is a direct consequence of the VHL 
mutation that is often seen in cRCC, while CA IX expression in pRCC and 
chRCC is solely hypoxia-related. 
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   Patients with cRCC tumours with low CA IX expression had a less 
favourable prognosis compared to those with higher expression. This has 
previously been observed by others.83, 88, 89 Prognostic significance was found 
in patients without metastases (TNM stage I-III), which is opposed to the 
results presented by Bui et al.83 They found a prognostic difference only 
among patients with metastatic (stage IV) disease. The reason for this 
difference in result is not known. 
   Among patients with pRCC and chRCC, CA IX expression gave no 
prognostic information. Whether this difference between RCC subtypes can be 
explained by VHL-mutation status alone is uncertain. In tumours such as lung, 
uterine cervix, and breast carcinoma, an increased CA IX expression has been 
associated with an unfavourable prognosis.84-86  
 
   There was no correlation between CA IX expression, and stage or grade in 
the assessed RCCs. Previously, high CA IX expression has been found to 
associate with higher grade, tumour necrosis, higher relapse rate, and negative 
oestrogen receptor in breast cancer,86 and with more advanced T stage and 
necrosis in head-and-neck and non-small cell lung cancer.84, 87 High CA IX 
expression in non-cRCC tumours is hypoxia-related, and generally more 
prevalent in high stage and grade tumours.  
 
   Tissue microarrays were first described by Kononen et al. in 1998.221 The 
strength of the TMA technique is the enablement of experimental 
standardisation and simultaneous analysis of a large number of tumours. This 
allows identification of correlations between markers. Limitations of the 
technique are the restricted sample volume and a risk that tumour 
heterogeneity may affect the representativity of the samples.44, 222, 223 In Paper 
I, however, the two tissue core evaluation technique of TMA sections was 
validated with endoglin immunohistochemistry in larger tissue sections and 
found to be trustworthy. When analysing the two samples from each tumour, 
there were just minor differences between the two samples. Conformity has 
previously been shown in the same material when comparing VEGF 
expression on large tissue sections and TMA,224 and also in other studies on 
MVD in cRCC.215 When comparing immunohistochemical staining in large 
tissue sections from breast cancer with two to ten corresponding tissue cores, it 
was shown that the analysis of two tissue cores was reliable compared to the 
analysis of a large tissue section in 95% of the cases.225 On a more extended 
breast cancer material, one tissue core identified 70-95% of the selected 
markers, and the prognostic value was not diminished compared to larger 
sections.226 Since RCC, in comparison with prostate cancer or Hodgkin’s 
lymphoma, is a histologically homogeneous tumour, TMA is a reliable 
technique that shows high representative accuracy in RCC.222, 223 
   When using archival paraffin-embedded tissue sections, the proteins seem to 
retain their antigenicity for at least 60 years,225 although shorter time spans 
have also been reported.222, 227  



 

PAPER IV 
 

Results 
 
   All tissue samples expressed HIF-2α mRNA. cRCC had higher HIF-2α 
mRNA expression compared with both pRCC and chRCC, but there was no 
difference between pRCC and chRCC. No difference in HIF-2α mRNA levels 
between any RCC tissue subtype and corresponding kidney cortex was 
observed. Since there was no difference in HIF-2α mRNA expression between 
kidney cortex taken from different tumour cell types, these data were added 
together in the analysis. There was no correlation between HIF-2α mRNA 
expression, and patient age or gender.  
 
   Among patients with cRCC, there was a significant difference in HIF-2α 
mRNA expression between TNM stage I and stage II-IV tumours, where those 
with TNM stage I tumours had a higher HIF-2α mRNA expression. In analogy, 
there was a significant inverse correlation between HIF-2α mRNA expression 
and tumour size (r = -0.252) among patients with cRCC. This was not 
observed among pRCC or chRCC patients. There was a significant inverse 
correlation between HIF-2α mRNA expression and nuclear grade in cRCC. 
This was not seen in pRCC or chRCC.  
 
   According to HIF-2α mRNA expression, the cRCC material was divided into 
two groups at the median (29.10 arbitrary units [U]) when evaluating survival 
information. No correlation was seen between survival of the patients and HIF-
2α mRNA expression in cRCC or in the other two RCC cell types.  
   To analyse the prognostic information of HIF-2α mRNA expression in 
cRCC, a multivariate analysis using the Cox proportional-hazards model 
evaluating tumour specific survival was performed. Age, gender, TNM stage, 
and nuclear grade were evaluated. After the final step analysis, only stage 
presented as an independent prognostic factor. HIF-2α mRNA added no 
prognostic information.  
 
 

Comments 
 
   In this study, it was shown that HIF-2α mRNA expression is higher in cRCC 
than in pRCC and chRCC, which is in line with previous studies.58, 59 In 
cancer, the HIF system is activated both by microenvironmental hypoxia and 
by genetic changes, independently of each other,29, 32, 33, 38, 40, 62 which suggests 
that upregulation of HIF plays a functional role in RCC associated with VHL 
mutation. In studies made on RCC cell lines, HIF-2α was shown to promote 
tumour progression.53, 54 Small interfering RNA-mediated downregulation of 
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HIF-2α itself suppresses tumour formation by VHL-defective RCC cells.228, 229  
However, other investigators have found that overexpression of a mutated HIF-
1α gene does not block the tumour suppressor action of VHL in RCC cells,53 
raising the possibility that despite their similarities, and common upregulation 
in many types of cancer, HIF-1α and HIF-2α may have non-equivalent effects 
in the pathogenesis of VHL-associated RCC. Studies made on RCC cell line 
786-0 showed that hypoxia responses depended on HIF-2α, not HIF-1α.61 
Carroll et al.230 reported that HIF-2α, but not HIF-1α, regulates a constitutive 
VEGF expression in VHL-defective RCC cells, and the expression of a 
number of HIF targets is primarily driven by HIF-2α. Raval et al.60 
demonstrated a suppressive interaction between HIF-1α and HIF-2α, as well as 
an inhibiting effect of HIF-1α on tumour growth. Whether the positive effect 
of tumour growth seen for HIF-2α is due to direct effects, or indirect effects 
due to downregulation of HIF-1α, or a combination of both pathways, is 
unclear.60, 68 However, high HIF-1α expression is reported to associate with 
decreased mortality among patients with cRCC.39  
 
   Among patients with cRCC, an inverse correlation between HIF-2α mRNA 
expression, and TNM stage, nuclear grade, and tumour size was observed. This 
was not seen among patients with pRCC or chRCC. Whether this is due to 
VHL status is presently uncertain. 
   Previously, HIF-2α has been reported to be present only in cRCC and not in 
any other RCC cell type or in normal kidney cortex, or only seen at low 
levels.58, 59 In this study, however, both pRCC and chRCC expressed HIF-2α 
mRNA, and the levels in normal kidney cortex were no different from those 
assessed in corresponding tumour tissue. It has been shown that cells adjacent 
to a tumour might be phenotypically normal, but genotypically abnormal or 
exhibit altered gene expression profiles because of the proximity to the 
tumour,231, 232 which could explain the results presented here.  
 
   The real-time PCR technique allows quantification of small amounts of 
mRNA. Before real-time PCR is done, mRNA is copied to cDNA. It has been 
shown that the reverse transcriptase step contributes to most of the variation 
when quantifying mRNA.233, 234 High accuracy is therefore needed in this part 
of the experiment, as well as during the processes of storing and handling of 
samples. Since SYBR green does not distinguish between one DNA segment 
and another, an important quality control is the melting curve, which is used to 
visualise that all samples have a similar melting temperature, i.e. that there is 
no contamination, mispriming, or primer-dimer artefacts.  
   PCR analysis gives no information on the proteins, the biologically active 
products of the genes. As a complement, the protein expression could be 
studied using methods such as Western blot, ELISA, or 
immunohistochemistry. Still, genomic studies have demonstrated a tight 
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correlation between the function of a protein and the expression patterns of its 
gene.232, 235  
 
   Renal artery clamping could itself lead to hypoxic induction of HIF-α. It has 
been shown, however, that HIF-1α levels remain constant at least 60 min after 
ligation of blood supply during nephrectomy.236  
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SUMMARISING COMMENTS PAPER I-IV 
 
 
   Both hereditary and sporadic cRCC are commonly associated with VHL 
mutation, which is found in 50-70% of sporadic cRCC.55, 157, 158 This leads to a 
constitutive stabilisation of HIF-α, resulting in upregulation of hypoxia-
inducible genes regardless of oxygen levels. In contrast, upregulation of the 
HIF system in pRCC and chRCC is solely hypoxia-related. In these studies, 
the factors related to hypoxia and vascularity were all inversely correlated to 
tumour aggressiveness in cRCC. This could be explained by the improved 
survival seen among patients with VHL-defective early-stage cRCC compared 
with patients without this defect.65, 66 Among patients in the material having 
pRCC and chRCC, high expression of HIF-2α, CA IX, and MVD tended to 
correlate to a less favourable prognosis and/or higher stage and grade. This 
indicates a difference between the VHL-associated cRCC subtype and these 
two other RCC cell types. Whether this difference can be explained by VHL-
mutation status alone is uncertain. High expression of these factors has been 
found to be associated with more aggressive tumours in various other cancers, 
including malignant melanoma, lung, head-and-neck, colorectal, uterine 
cervix, breast, urinary bladder, and prostate cancer.48-52, 84-87, 91, 95, 96 The 
difference could be a reflection of the molecular mechanisms responsible for 
induction of the HIF pathway, which is hypoxia-related in non-cRCC tumours, 
and generally more prevalent in their high stage and high grade tumours. 
 
 
Table 5. Nonparametric correlations between angiogenic factors in 96 
patients with RCC (r = Spearman’s correlation coefficient).  
 Endoglin CD31 CA IX HIF-2α 

r 1.0    Endoglin 
p -    
r 0.364 1.0   CD31 
p <0.001 -   
r 0.201 0.325 1.0  CA IX 
p 0.050 0.001 -  
r 0.191 0.168 0.454 1.0 HIF-2α 
p 0.062 0.103 <0.001 - 
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   While GLUT1 is upregulated mainly by HIF-2α, CA IX appears to be an 
exclusive HIF-1α target.60, 76 In this RCC material, CA IX and HIF-2α showed 
a direct correlation to each other (Table 5). In VHL-defective RCC cells, HIF-
1α appears to be expressed in early stages, while HIF-2α is expressed in later 
stages; something that could explain the observation.40, 56, 60 Furthermore, both 
CD31 and endoglin showed a direct correlation to CA IX, but no correlation to 
HIF-2α mRNA (Table 5). Previously, a direct correlation between CA IX and 
MVD has been shown in non-small cell lung cancer (CD31),84 and in cRCC in 
patients with VHL disease (CD31/CD34).56 VEGF transcription appears to be 
regulated by both pH and oxygen levels, where acidic pH induces VEGF 
expression separately from the HIF pathway.5 In bladder cancer, an inverse 
correlation between HIF-2α-positive tumours and MVD (CD31) in invasive 
(≥T2) tumours has been observed, but without correlation between HIF-2α and 
MVD when all tumours were included.51 In other studies, hypoxia in bladder, 
oesophageal, and cervical carcinoma (measured as pimonidazol, HIF-1α, and 
ATP content, respectively) correlated with increased MVD (CD31/34, CD34, 
factor VIII).237-239 West et al.240 found no correlation between MVD (CD31/34) 
and hypoxia measured with Eppendorf needle electrode in uterine cervix 
tumours. All this highlights the fact that interaction and interpretation of 
factors related to angiogenesis, vascularity, and hypoxia are ambiguous.  
 
   A line of reasoning including mutations increasing angiogenesis in advanced 
disease could also be applied to RCC. Although the relationship between 
hypoxia, vascularity, and angiogenesis might vanish in the transition from 
localised to advanced disease, measurements of individual angiogenic factors 
seem to provide prognostic information, and can potentially be combined in 
patient monitoring and treatment.  
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FUTURE DIRECTIONS 
 
 
   A growing understanding of the underlying biology of RCC has led to the 
development of promising targeted therapy for metastatic disease. Strategies to 
inhibit VEGF in RCC include the usage of anti-VEGF antibodies like 
Bevacizumab, and small-molecule tyrosine kinase inhibitors such as Sunitinib, 
Sorafenib, AG-013736 (Axitinib), and GW786034 (Pazopanib). Bevacizumab 
is currently being tested in phase III trials, while Sunitinib and Sorafenib are 
approved for use in advanced RCC. AG-013736 (Axitinib) is an RTK inhibitor 
targeting VEGFR1-3, PDGFRβ, and c-Kit. In a phase II study, 24 out of 52 
patients (46%) showed partial response. Decreased tumour perfusion was also 
observed in all patients responding to therapy. GW786034 (Pazopanib) targets 
VEGFR1-3, PDGFR-α/β, and c-Kit. It is currently going through phase II and 
III studies in multiple tumour types including RCC.241-244 Combination therapy 
with Bevacizumab and Erlotinib is also being evaluated.245  
 
   Trials to develop an RCC tumour vaccine targeting CA IX are currently 
being carried out.246, 247 Selective inhibitors of CA IX have also been 
developed and evaluated, based on the idea that pH normalisation might lead 
to regression of the tumour, especially when used in combination with 
chemotherapy.248  
 
   Other molecular targeting therapies currently being evaluated is Everolimus 
(RAD-001, Certican), an oral mTOR inhibitor,208 and Thalidomid (Thalomid). 
Thalidomid affects angiogenesis by promoting apoptosis of new vessels and 
inhibiting the production of TNF-α, VEGF, and bFGF, and increasing the 
production of IL-2. It is approved in the U.S. for treatment of multiple 
myeloma in combination with dexamethasone, and is showing promising 
results in phase I/II studies on RCC.249  
 
   Several angiogenesis inhibitors have been introduced on the market in recent 
years. Most likely, they will show to be more effective in combinations. 
Distribution could induce a horizontal blockade, where multiple separate 
signalling pathways are targeted simultaneously. This could include inhibiting 
RTKs, PI3K-AKT-mTOR, and Ras/Raf/Map kinase pathways, or numerous 
target molecules downstream from HIF-α. A vertical blockade would target the 
same pathway at two or more levels, e.g. VEGF and its RTK.250 Anti-
angiogenesis could also be used as adjuvant therapy to surgery when the risk 
of recurrence is high. The need for molecular biomarkers is therefore high. 
Finding more refined prognostic instruments is important in accomplishing 
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more precise prediction of individual tumour behaviour, and eventually tailor-
make cancer treatment. 
 
   This field comprises areas in need of further exploration. How does 
microvessel density correlate to individual angiogenic factors like VEGF? 
What are the pathways and interactions between hypoxia and acidosis in RCC? 
Can genetic profiling of tumour cells and refined imaging of tumour vascular 
morphology and function (e.g. maturation status of endothelial cell) predict 
efficacy of anti-angiogenic therapy? How would different combinations of 
angiogenesis inhibitors affect tumour progression? 
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SAMMANFATTNING PÅ SVENSKA 
 
 
   Bakgrund: Angiogenes (nybildning av blodkärl) är centralt vid 
tumörtillväxt. Utan nya blodkärl blir tumörer inte större än 1-2 mm. 
Kärlnybildning regleras via en balans mellan s k angiogena faktorer och 
inhibitorer, varav vascular endothelial growth factor (VEGF) är en viktig 
stimulator. Angiogenes uppkommer bl a till följd av hypoxi (syrebrist), lågt 
pH, hypoglykemi (låg blodsockerhalt), mekaniskt tryck, inflammation och 
genmutationer. Hypoxi i tumörer är ofta förenat med metastasering, återfall i 
sjukdom och sämre prognos. 
 
   För att överleva i en syrefattig miljö har organismer utvecklat en rad 
skyddande mekanismer, bl a angiogenes, vidgning av blodkärl, ökad 
glukosnedbrytning och ökad produktion av röda blodkroppar. Detta regleras 
via hypoxia-inducible factor (HIF). Vid normala syrenivåer inaktiveras HIF-α i 
en process som är beroende av von Hippel-Lindau-genen (VHL). HIF-
aktivering leder till uppreglering av ett flertal gener inklusive VEGF, endoglin, 
erytropoeitin (EPO), glukostransportören GLUT1 och karbanhydras (CA) IX. 
CA IX är ett membranbundet enzym som katalyserar omvandlingen av 
koldioxid till kolsyra.  
   Microvessel density (MVD), dvs kärldensitet, har föreslagits som ett möjlig 
prognostiskt instrument vid cancersjukdom. Med denna metod analyseras 
uttrycket av en immunhistokemiskt färgad endotelcellsmarkör, t ex faktor VIII, 
CD31 eller endoglin.  
   HIF-α, CA IX och MVD överuttrycks vid flera cancerformer och höga 
nivåer är ofta associerat med högre dödlighet. 
 
   Njurcancer (renal cell carcinoma; RCC) drabbar ca 1000 personer i Sverige 
varje år och ca 600 personer avlider i sjukdomen under samma tid. 
Sjukdomens orsak är oklar, men personer som exponeras för tobaksrök, är 
överviktiga eller har högt blodtryck har en ökad risk att insjukna. Om tumören 
är begränsad till njuren är behandlingen kirurgisk och prognosen god. Om 
tumören däremot är spridd är behandlingsmetoderna begränsade och 
prognosen sämre. Medicinsk behandling med hormoner eller 
immunstimulerande medel har osäker eller kortvarig effekt och cytostatika är 
inte framgångsrik.  
   I klarcellig/konventionell njurcancer (cRCC) är HIF-systemet aktiverat till 
följd av både hypoxi och VHL-mutationer. Celler som saknar VHL får då ett 
högt HIF-uttryck oberoende av syrenivåer. 
 
   Material och metod: Förekomsten av endoglin, CD31, CA IX och HIF-2α 
bland 308 patienter med cRCC, papillär (pRCC) och kromofob (chRCC) 
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njurcancer studerades. Tumörer från patienter som opererats mellan 1982 och 
2003 analyserades med immunhistokemisk färgning på tissue microarrays 
samt med real-time PCR på färskt fruset tumörmaterial. Tumörerna var väl 
karaktäriserade med avseende på stadium, grad, tumörtyp och patienternas 
överlevnad.  
 
   Resultat: Det finns ett högre uttryck av endoglin i cRCC än i pRCC och 
chRCC samt ett högre CD31-uttryck i cRCC än i pRCC. MVD i cRCC är 
omvänt korrelerat till tumörstadium och nukleär grad. Det finns också en 
omvänd korrelation mellan tumördiameter och CD31-nivåer i cRCC. För 
patienter med cRCC så talar ett högt MVD för en bättre prognos jämfört med 
patienter med lågt MVD. Endoglin och CD31 är inte oberoende prognostiska 
faktorer.  
   CA IX-uttrycket är högre i cRCC än i pRCC och chRCC. Patienter med 
cRCC-tumörer med lågt CA IX-uttryck har en sämre prognos jämfört med 
patienter med högt uttryck. CA IX är en oberoende prognostisk markör.  
   Uttrycket av HIF-2α mRNA är högre i cRCC än i pRCC och chRCC. Bland 
patienter med cRCC finns en omvänd korrelation mellan HIF-2α mRNA-
uttryck och tumörstadium, nukleär grad och tumörstorlek. Uttrycket av HIF-2α 
mRNA ger ingen oberoende prognostisk information.  
 
   Konklusion: Dessa studier visar att ett lågt uttryck av faktorer relaterade till 
hypoxi och kärldensitet är korrelerade till mer aggressiva tumörer och sämre 
prognos hos patienter med klarcellig njurcancer. Kopplingen mellan 
angiogenes, kärltäthet och hypoxi i tumörer är uppenbarligen svårförståelig. 
Förklaringsmodeller som inkluderar mutationers påverkan på angiogenes kan 
antagligen appliceras på njurcancer. Kartläggning av individuella angiogena 
faktorer verkar tillföra prognostisk information. Dessa kan potentiellt användas 
för att följa sjukdomsförlopp och bör kunna leda till en behandling som är mer 
tumör- och individanpassad. Då njurcancer är en tumörtyp med dokumenterad 
motståndskraft mot cytostatikabehandling är det angeläget att utvärdera 
angiogeneshämmande läkemedel som kan komma att få stor betydelse för 
behandling av patienter med njurcancer. 
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