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ABSTRACT

Hypoxia Inducible Factor-1a in Renal Cell Carcinoma
Departments of Surgical and Perioperative Sciences, Urology and Andrology; Radiation
Sciences, Oncology; Medical Biosciences, Pathology; and Medical Biosciences,
Clinical Chemistry, Umea University, Umea, Sweden

Background: Renal cell carcinoma (RCC) accounts for approximately 2-3% of all
human cancers. A distinguished feature of RCC is vascularisation and among the three
dominating RCC types conventional RCC (cRCC) generally is more vascularised than
papillary RCC (pRCC) and chromophobe RCC (chRCC). Angiogenesis is a critical step
in tumour progression controlled by a balance involving molecules that have positive
and negative regulatory activity. A balance distorted by metabolic stress such as
hypoxia, acidosis, and inflammation. Hypoxia-Inducible Factor 1o (HIF-1a) is a key
transcription factor in angiogenesis and tumour progression, targeting more than a 100
genes involved in vascular growth and regulation, iron metabolism and erythropoesis,
collagen matrix formation, regulation of extracellular pH, glucose uptake and
metabolism, proliferation, apoptosis, differentiation, and cell viability.

Methods: Tumour tissue and corresponding kidney cortex from nephrectomised RCC
patients was used in order to characterize HIF-1a expression and one of its target genes,
Glucose Transporter 1 (GLUT-1). All tumour samples were thoroughly described
regarding tumour type, TNM stage, nuclear grade, tumour size, vein invasion, and
patient survival. Utilizing RT-PCR, Westen Blot and Tissue micro array (TMA) we
studied HIF-1oo mRNA and protein expression as well as GLUT-1 protein expression,
correlating them to each other and clinicopathological parameters.

Results: Using Western Blot, HIF-1a protein expression differed significantly between
the different RCC types and kidney cortex. In cRCC, high expression of HIF-1a was an
independent prognostic factor for favourable prognosis.

TMA is a useful method to analyze HIF-1a protein expression in RCC. HIF-1a levels
were significantly lower in locally aggressive cRCC and patients with high levels of
HIF-1a tended to have a better prognosis.

GLUT-1 levels were higher in cRCC than in other RCC types and for cRCC a
correlation to HIF-1o was seen.

HIF-1ao mRNA levels were significantly lower in cRCC compared to other RCC types
and kidney cortex. An inverse correlation between HIF-la protein expression and
mRNA levels was observed.

Summary: These results demonstrate a discrepancy between RCC types, highlighting
the need to separately evaluate biological events in different RCC types. Overexpression
of HIF-1a protein is not necessarily all bad and translational regulation appears more
critical than anticipated. Further studies are encouraged to clarify angiogenic pathways

in RCC.
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ABBREVIATIONS

bHLH Basic helix-loop-helix

CAIX Carbonic anhydrase 9

chRCC Chromophobe renal cell carcinoma
cRCC Conventional (clear cell) renal cell carcinoma
EC Endothelial cell

EGF Epidermal growth factor

EPO Erythropoietin

FGF Fibroblast growth factor

FIH Factor inhibiting HIF-1

GLUT-1 Glucose transporter 1

HIF Hypoxia inducible factor

HRE Hypoxia response element

IFN Interferon

IGF Insulin-like growth factor

mTOR Mammalian target of rapamycin
MVD Micro vessel density

PAS Per-Arnt-Sim

PDGF Platelet derived growth factor
PFS Progress free survival

pRCC Papillary renal cell carcinoma
RCC Renal cell carcinoma

TMA Tissue micro array

VEGF Vascular endothelial growth factor
VHL von Hippel Lindau



INTRODUCTION
RENAL CELL CARCINOMA

Epidemiology and etiology

Renal cell carcinoma (RCC) accounts for approximately 2-3% of all
human cancers with a worldwide incidence of 189.000 cases in the year
2000 (Parkin et al. 2000). The worldwide annual, incidental increase is
roughly 2%, with exception for Denmark and Sweden where a decrease
is observed (Lindblad 2004). The single most important explanation to
increased incidence of people diagnosed with RCC is the use of
improved imaging techniques. However, this only explains the increase
in detection of early, localized RCC an increase in incidence is also noted
for advanced disease (Chow et al. 1999). That study, looking at RCC in
the US, also concluded that smoking, hypertension, obesity and diet
probably contribute to the increasing incidence. These factors are also the
ones proven to be of etiological importance for developing RCC. It has
been shown that smoking causes 20-30% of all RCC with an increase in
relative risk ranging from 1.2-2.3 when reviewing case-control studies
(Martel and Lara. 2003). Obesity shows convincing links to RCC with
relative risk increase of 1.9-5.9 (Martel and Lara. 2003, Pischon et al.
2006). A retrospective study showed that hypertension was associated
with RCC; the relative risk 1.9 for women and 1.8 for men, after
adjusting for age, updated BMI and smoking (Flaherty ez al. 2005).

Within the European Union, the mortality was 50% among 30000
patients diagnosed with RCC (1998) (European Network of Cancer
Registries, 2001). However the difference is vast between different stages
of RCC. The American Society of Cancer Surveillance Research (2004),
reports that stage differences between local disease and advanced disease
with distant metastases is 80% looking at 5-year survival rates (Figure 1).
In addition, approximately 4% of RCC’s are associated with familial
syndromes and can be found in any RCC subgroup (Cohen ef al. 2005).

Tumour types

The Heidelberg classification of renal cell tumours is based on a
combination of genetics and histology (Kovacs et al. 1997). The result of
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Figure 1. 5-year survival rates (%) by tumour stage (Adapted and
modified from American Society of Cancer 2004)

this workshop was a subdivision of renal cell tumours into benign and
malignant parenchymal neoplasms. The benign parenchymal neoplasms
comprises; metanephric adenoma and adenofibroma, papillary renal cell
adenoma, and renal oncocytoma. Malignant renal cell tumours are
further subdivided into the following five groups;

Common or conventional renal cell carcinoma, cRCC

Approximately 75% of renal cell neoplasms in surgical sequences are
cRCC, and the RCC type is separated from the other tumour types based
on specific deletion of chromosome 3p. Deletion of chromosome arms
69, 8p, 9p, and 14q as well as duplication of chromosome band 5q22 are
also characteristic. A majority of cRCCs are composed mainly of cells
with clear cell cytoplasm in regular sections (Figure 2:1). Its growth
pattern can be solid, trabecular, tubular, and cystic, though focal areas of
papillary growth can be seen (Kovacs et al. 1997). A common genetic
alteration observed in both hereditary and up to 80% of the sporadic
cRCC, is the inactivation of the tumour suppressor VHL gene on
chromosome 3p25 (Gnarra ef al. 1994, Herman et al. 1994). Identified in
1993, the VHL gene has come to play a central role in the pathobiology
of cRCC (Latif ez al. 1993).
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Papillary renal cell carcinoma, pRCC

pRCC accounts for about 10% of RCCs in surgical sequences. Trisomy
of chromosomes 3q, 7, 8, 12, 16, 17, and 20 and loss of chromosome Y
are the most common alterations. pRCC tumour cells may be small with
sparse cytoplasm, but they often present with moderate to profuse
cytoplasm (Figure 2:2). A papillary growth pattern predominates in
nearly all of these tumours although tubulopapillary and solid structural
design can be seen (Kovacs ef al. 1997).

Chromophobe renal cell carcinoma, chRCC

About 5% of RCCs in surgical sequences are chRCC. A typical pattern is
growth in large sheets with cells that are pale due to cytoplasmic
microvesicles (Figure 2:3). ChRCC is genetically characterized by a
combination of loss of heterozygosity and hypoploid DNA (Kovacs et al.
1997).

Figure 2. Hematoxylin-eosin staining in 1) cRCC, 2) pRCC, and 3)
chRCC.

Collecting duct carcinomas

1 % of renal cell carcinomas in surgical sequences belong to this
subgroup. Comprising carcinomas with differing appearances this group
presents morphological features characterized by uneven channels lined
by highly atypical epithelium (Kovacs et al. 1997).
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Renal cell carcinomas unclassified

Those renal cell tumours not finding its place in any other category, adds
up to 3-5% of all cases in surgical series. This group is not predisposed to
a certain definition since its members carry a variety of morphological
and genetic lesions (Kovacs et al. 1997).

RCC in the clinic

Symptoms

The classical manifestation of RCC, a triad of hematuria, flank pain, and
abdominal mass is now uncommon since this can only be observed in
less than 10% of the cases in the onset of RCC. 50% of RCCs present as
incidental radiographic findings revealed during workup of not related
conditions (Cohen and McGovern 2005). In symptomatic patients, more
than 50% have hematuria, approximately 40% have pain, 40% have an
abdominal mass, and 10% have symptoms related to an advanced
disease. RCC patients often have nonspecific signs and symptoms such
as weight loss, fever, malaise, hypercalcemia, anemia, or erythrocytosis
(Martel and Lara 2003). Approximately 33% of patients have at
presentation a metastatic disease, and 40% of individuals undergoing
nephrectomy eventually will develop metastases (Bukowski 1997). In
patients presenting with metastatic disease there are, 75% lung
metastases, 36% soft tissue metastases, 20% bone metastases, 18% liver
metastases, and 8% each have skin and CNS metastases (Maldazys and
deKernion 1986).

Prognosis

Tumour stage is the single most important factor for most RCC and the
latest update of American Joint Committee on Cancer (2002) staging is
presented in Table 1. In general, localized RCC has a good prognosis
while distant disease is more or less incurable. The five year survival
ranges from 91-100%, 74-96%, 59-70% and 16-32% for stage I-IV
respectively as reviewed by Pantuck ez al. (2001). The weaknesses in the
TNM staging system are debated and some authors propose a
reclassification of the system (Ficarra et al. 2007).
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Table 1. Stage grouping according to TNM classification.

Stage

. TNM Definition
grouping

TINOMO Tumour 7 cm or less in greatest
dimension, limited to the kidney
Stage I with no regional lymph node
metastases nor distant
metastasis

T2NOMO Tumour more than 7 cm in
greatest dimension, limited to
Stage 11 the kidney with no regional
lymph node metastases nor
distant metastases

T1-T2N1MO Tumour limited to the kidney
but with lymph node metastases

T3NO-1MO Tumour invading adrenal gland,
perirenal and/or renal sinus fat
(but not beyond Gerota’s fascia)
or renal vein

Stage I11

T4 (any N or M) Tumour invades beyond
Gerota’s fascia
Stage IV N2 (any T or M) Metastasis in more than one
regional lymph node
M1 Distant metastasis

The debate of to what extent histologic subtype is a determinant for
prognosis is also ongoing and there is some prognostic information to be
found. 5-year survival ranging from 43-76%, 61-86%, and 91-100% for
cRCC, pRCC, and chRCC respectively (Ljungberg et al. 1999, Moch et
al. 2000 and Amin et al. 2002).

Selections of patient-related factors that have been associated with a poor

clinical course, including symptomatic presentation, significant weight
loss, a poor performance status, and anemia as reviewed by Gold et al.
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(1996). A prognostic value for thrombocytosis was noted in localized as
well as metastatic disease (Bensalah ez al. 2006, Suppiah et al. 2006)

Nuclear grade is one of the most authoritative prognostic factors in
patients with RCC. Skinner et al. wrote that: “it is easier to invent one’s
own classification than to abide by another’s”. However, at present the
majority of pathologists use the Fuhrman (Fuhrman et al. 1982) nuclear
grading, though the difference against Skinner is slight. Four nuclear
grades are (1-4) defined in order of increasing nuclear size, irregularity
and nucleolar prominence. Fuhrman reported 5-year overall survival rates
of 64%, 34%, 31% and 10% for grades 1 through 4, respectively. The
discrepancy between grade 1 and 2 however, needs to be further
elaborated.

Emerging biomarkers are within the field of cell cycle regulation (Weiss
et al. 2007, Pertia et al. 2007), angiogenesis (Jacobsen et al. 2000,
Tawfik et al. 2007, Lidgren et al. 2005) and apoptosis (Kempkensteffen
et al. 2007) among others.

Treatment

Surgery is still the only curative therapy for localized disease. Ever since
1969, the standard is open radical nephrectomy, which is defined as
removal of the kidney and adrenal gland, leaving the fascia of Gerota’s
intact, and associated extended lymphadenectomy (Robson ef al. 1969).
Laparoscopic nephrectomy is now generally accepted as equivalent to
open radical nephrectomy for local control of RCC. Renal sparing
surgeries can be performed for patients without unconditional indications
for renal preservation and minimal invasive techniques are being tested
for these patients as well. Patients with genetic syndromes predisposing
to RCC require maximal renal preservation through utilization of these
new techniques (Nelson et al. 2007).

For metastatic RCC, surgery is only applicable when a solitary metastasis
is present along with the primary tumour, and mainly for lung, brain or
liver metastases (Kavolius ez al. 1998).

Due to RCCs radioresistance, radiation serves only as palliation for
metastatic disease (Di Biase et al. 1997). No cytotoxic agent has proved
adequate response rates to validate its use in the treatment of metastatic
RCC, as reviewed by Motzer and Russo (2000). Cytokine therapy
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through Interleukin-2 (IL-2) and Interferon (IFN) opened interesting new
pathways for treating metastatic RCC. An efficacy of high-dose
interleukin-2 (HDIL-2) in RCC demonstrated up to a 20% response rate
with 7% of patients achieving a full response, some of which were long-
lasting (Rosenberg ef al. 1994, Fyfe et al. 1996). Unfortunately HDIL-2
is significantly toxic requiring inpatient administration and often
intensive care due to capillary leakage leading to a decrease in its clinical
applicability. Interferon response rates are probably between 5% and
15% though patients that responded were limited to 4-6 months and
complete responses were rare (Fossa 2000).

Future studies are ongoing in this field combining the two or utilizing the
promising future of targeted RCC therapies.

Focusing on the cause of RCC, that VHL defects leads to increased HIF-
o expression several rapamycin analogues have entered clinical trials.
Temsirolimus (CCI-779) antagonizes mTOR and associated signaling
pathways in preclinical trials (Lee et al. 2005). A Phase II trial of
Temsirolimus showed 7% response rate and a progress free survival
(PFS) of 5.8 months in patients with metastatic RCC refractory to
cytokine therapy (Atkins ez al. 2004).

Antibodies targeting angiogenic factors utilizing the hypervascular nature
of RCC have been tested. Bevacizumab (Avastin) is a monoclonal
antibody against VEGF. Studies in animal models demonstrate that it
drains plasma of VEGF and inhibits angiogenesis, thus inhibiting tumour
growth (Kim et al. 1993, Borgstrom et al. 1998). Yang et al. (2003)
showed prolonged time to progression using high-dose bevacizumab
compared to placebo, however no difference in survival could be seen.
Tyrosine kinase inhibitors sunitinib and sorafenib are approved by
U.S.food and drug administration (FDA) for use in advanced RCC and
sunitinib shows an almost twice as long PFS when compared to IFN
(Motzer et al. 2007). Sorefenib demonstrated similar figures with a PFS
of 5.5 months compared to 2.8 months in the placebo group.

ANGIOGENESIS AND HYPOXIA

Angiogenesis
Angiogenesis describes the development of new vessels from existing

vessels and occurs both in the embryo as well as post partum throughout
life. It is based on endothelial sprouting where proteolytic degradation of
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the extracellular matrix is trailed by chemotactic migration and
proliferation of local endothelial cells (EC), forming a lumen and a
mature, functional endothelium (Risau 1997). Angiogenesis can also
occur independent of local EC proliferation and capillary sprouting, a so
called non-sprouting microvascular growth. Non-sprouting angiogenesis
involves intussusception, endothelial progenitor cell recruitment, vessel
co-option, lymphangiogenesis, and vasculogenic mimicry. It has been
demonstrated that these alternative ways are more important than
previously believed since they independently can build up tumour
vasculature (Hillen ef al. 2007).

The range of diseases in which angiogenesis occurs is diverse and the
two major killers of Western populations are included, cancer and
atherosclerosis.

In the early 70’s, Folkmans group demonstrated that tumours implanted
in non-perfused organs did not grow, however if implanted close to blood
vessels angiogenesis was induced along with growth and metastasis.
Hence they anticipated that solid tumours could not grow beyond 2 mm
in size if they did not develop new blood vessels (Bicknell, Lewis and
Ferrara 1997). So the thrilling idea of preventing tumour growth by
controlling angiogenesis was woken. The following presentation will
focus on angiogenesis in tumour biology and RCC.

Angiogenic regulation, the angiogenic switch

Angiogenesis is controlled by a balance involving molecules that have
positive and negative regulatory activity (Table 2). Changing this balance
towards angiogenesis is often referred to as the “angiogenic switch”, an
angiogenic phenotype manifested by a tumour in order to progress from a
dormant state (Folkman et al. 1991). The balance is distorted by
metabolic stress such as hypoxia, acidosis, and inflammation or immune-
cell activation (Charlesworth et al. 2006). Increased activator gene
expression, changes in bioavailability/activity of the initiating proteins,
or reduction in concentrations of endogenous angiogenesis inhibitors
through changes in gene expression or processing also alters the
equlibrium (Hanahan et al. 1996, Bouck et al. 1996, Pandaya et al. 2006
and Ribatti ef al. 2007).
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Table 2. Molecules involved in the angiogenic switch.

Positive regulatory acitivity Negative regulatory activity

Adiponectin Angiostatin
Adrenomedullin Anti-thrombin 111
Angiogenin Canstatin
Angiopoietin-1 Endostatin
Angiotensin 11 Fibronectin fragment
Endothelins Ghrelin
EPO Heparinases
FGF IFN-0,8,%
1L-8 1L4, 1112, IL18
Leptin Natriuretic peptides
MCP-1 PAI
MMPs PEDF
NOS Prolactin 16 kDa fragment
PDGF Retinoids
Resistin Somatostatin
TGF TSP-1
TNF-a
Urotensin-11
VEGF

B-Estradiol

Abbreviations: EPO, erythropoietin; FGF, fibroblast growth factor; IL-8,
interleukin 8; IFN-0,B,y, interferon; MCP-1, macrophage chemoattractant
protein, MMPs, matrix metalloproteases; NOS, nitric oxide synthase; PDGF,
platelet derived growth factor; TGF, transforming growth factor; TNF, tumour
necrosis factor; PAI, plasminogen activator inhibitor; PEDF, pigment
epithelium derived growth factor; TSP-1, thrombospondin-1; VEGF, vascular
endothelial growth factor.

A few of these regulators need to be addressed since their discovery has
had a major impact in understanding the endogenous regulation of
angiogenesis. Vascular endothelial growth factor (VEGF) is an
angiogenic factor with mitogen effect on ECs. It is central in the control
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of blood vessel development and pathological angiogenesis since VEGF
and its receptors are the first EC specific signals activated during
vascular development (Ferrara et al. 2003). Elevated levels of VEGF are
found when angiogenesis is high and vice versa (Ferrara 2004, Hoeben et
al. 2004). Fibroblast growth factor (FGF) is another pro-angiogenic
growth factor that induces proliferation, migration, and protease
production in ECs in vitro and promotes neovascularisation in vivo
(Basilico and Moscatelli, 1992).

A number of endogenous inhibitors of angiogenesis have been found and
thrombospondin-1 (TSP-1) was the first to be discovered (Good et al.
1990). It inhibits EC proliferation and undermines EC adhesion. Animal
studies show that tumours in TSP-1 knock-out mice grow significantly
faster than wild type (Ribatti et al. 2007).

Angiostatin and endostatin were found in the Folkman laboratory by
O'Reilly ef al. in 1994 and 1997, respectively. Angiostatin inhibited
growth in 98% of human primary tumours in mice and sustained
dormancy in these tumours (O'Reilly ef al.1996). As reviewed by Ribatti
et al. (2007), endostatin diminish VEGF and FGF effects and induce
apoptosis in ECs. Ribatti er al. (2007) also lists several less known
angiogenic regulators and their corresponding receptors, many of which
exert their function through a direct crosstalk to VEGF and FGF either
inhibiting or augmenting their effects. In addition, tumour cells attract
inflammatory cells. These cells are utilized by the tumour to release pro-
angiogenic factors. One example is that VEGF, FGF, and platelet derived
growth factor (PDGF) stimulate mast cells to degrade extra-cellular
matrix, hence enabling sprouting (Ribatti ez al. 2007).

Hypoxia

Hypoxia, defined as the reduction of normal oxygen tension in a tissue,
such that cellular mechanisms are compromised or an adaptive response
occurs. It occurs in cancer, pulmonary disease, and acute as well as
chronic vascular disease. In 1955 Thomlinson and Gray presented
evidence that tumours grew as threads around blood vessels and that they
could not grow further away than 180 um from a vessel. Being a
radiation biologist Gray knew that hypoxia reduced the efficacy of
radiotherapy. These findings applied to chemotherapy treatment as well
since poor perfusion limits the access to the tumour and hypoxia itself
decreases the proliferation rate or even halts it.

18



Mammalian cells have developed adaptive systems restoring oxygen
homestasis, enabling them to endure moderate or even severe hypoxia.
The systems engaged involve cell survival, glycolysis, erythropoiesis,
iron metabolism, and angiogenesis, as reviewed by Semenza (2001). The
molecular response to hypoxia is mediated by a transcription factor
called HIF along the hypoxic response pathway.

Hypoxic response pathway and HIF

In 2001 a direct link between the availability of oxygen and an important
transcriptional cascade that regulates many responses to hypoxia in
higher organisms, including humans, was found. Ivan ef al. (2001) and
Jaakkola et al. (2001) showed that prolyl residues were attached to a key
molecule in hypoxia, HIF-1a. The enzyme prolyl hydroxylase utilize
oxygen as a substrate so that enzymatic activity is modulated by changes
in oxygen concentration under physiological conditions (Epstein et al.
2001, McNeill et al. 2002).

The transcription factor HIF (Wang ef al. 1993; 1995) is a heterodimer
consisting of two subunits, the o- and the constitutively expressed [3-
subunit which is situated in the nucleus (Chilov ef al. 1999). Both belong
to the PAS (Per-Arnt-Sim) subfamily of basic helix-loop-helix (bHLH)
transcription factors (Wang et al. 1995). Three isoforms of the a- and

three of the B-subunits of HIF involved in the hypoxic response have
been described (Brahimi-Horn ef al. 2005, Gruber ef al. 2006).

The HIF-a subunit isoforms are expressed by individual loci, however
there is considerable similarity in the protein sequences of HIF-la and
200 (also referred to as EPAS-1) and both are subject to the same
posttranslational regulation and the same target genes (Wiesener et al.
1998, Gruber et al. 2006).

Data to suggest that HIF-1a and -2a0 may be selective in the genes they
induce or repress has been provided (Raval ef al. 2005, Carroll et al.
2006), however the extent of overlap is still to be clarified.

HIF-3a (also referred to as IPAS) can exist as six splice variants
(Maynard et al. 2003) and appears to play a negative role in the hypoxic
response. It is also part of a negative feedback regulatory loop since it is
transcribed by HIF-1 (Makino ef al. 2001; 2007). Despite its rousing

19



function HIF-3 is less studied than its cousins only receiving 1/3 as many
hits on Pubmed.

In order to respond rapidly to hypoxia, cells continuously synthesize,
ubiquitinate, and degrade HIF-a protein under non-hypoxic conditions. A
hydroxylation of two prolyl residues on HIF-a. mediates interaction with
pVHL and an ubiquitin ligase complex target HIF-oo for proteasomal
degradation (Cockman et al. 2000, Ohh et al. 2000, Kamamura et al.
2000, Tanimoto et al. 2000). When the alpha subunit is exposed to
hypoxia or to hypoxia-mimicking reagents (cobolt chloride, iron
chelators) it instantaneously stabilizes and translocates to the nucleus
where it dimerises with the constitutively expressed B-subunit, forming
an active transcription factor (Kallio et al. 1998).

HIF-1a, regulation and target genes

Hypoxia is considered to be the major regulator of HIF activity, however
a number of non-hypoxic-dependent modes of regulation have been
described (Brahimi-Horn ef al. 2005). Growth factors, such as insulin,
insulin-like growth factor (IGF-1 and -2), epidermal growth factor
(EGF), PDGF, and FGF, have been shown to increase the levels of HIF-
la protein in some cell types. They are associated to tyrosine kinases that
phosphorylate tyrosine residues on substrates signalling through the
mitogen-activated protein kinase (MAPK) and phosphatidylinositol 3-
kinase (PI3K) pathways (Gschwind ef al. 2004). Other factors involved,
affecting these pathways are vast and the combinatory effects are
countless.

Loss of the tumour suppressor PTEN results in accumulation of HIF-1a
as well as the oncogenes H-Ras, v-Src, and HER2™". The latter even
proved to induce VEGF expression through HIF-1a (Brahimi-Horn ef al.
2005). Studies indicate that HIF-1a increases as a result of increased
synthesis /translation (van den Buecken et al. 2006). Translational
control of HIF-1a is intensively studied since the old belief that HIF-1a
mRNA levels and translational activity of HIF-1a is constant (Huang et
al. 1996, Lang et al. 2002) regardless of oxygen pressure is possibly
obsolete (van den Buecken et al. 2006, Lidgren et al. submitted 2007).
Posttranslational modification regulates cellular localization of proteins,
protein—protein
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Table 3. A selection of HIF-1 target genes.

ABCG2/BCRP ENOLASE 1 MDR 1
BREAST CANCER RESISTANCE
PROTEIN MULTI DRUG RESISTANCE 1
0,5~ ADRENERGIC ENOS MCL-1
RECEPTOR ENDOTHES%%S;?EIC'OXIDE MYELOID CELL FACTOR 1
ADENYLATEKINASE- EPO, NOS-2
3 ERYTHROPOEITIN NITRIC OXIDE SYNTHASE 2
GLUT 1
ADRENOMEDULLIN GLUCOSE TRANSPORTER 13 NIP3
GAPDH
ALDA,C
GLYCERALDEHYDE-3-PHOSPHATE NUR77
ALDOLASE A,C DEHYDROGENASE
GRPY4
ANP > CITED2
ATRIAL NATRIURETIC PEPTIDE ~ OLUCOSE RnglfgaTED PROTEIN p35stj
CAIX HO-1, PGK-1
CARBONIC ANHYDRASE 9 HEME OXYGENASE-1 PHOSPHOGLYCERATE KINASE 1
PFKFB3, PFKFB4
EGLN3 ’
CD18 6-PHOSPHOFRUCTO-2-
INTEGRIN B-2 HIF-lo. P ROL%{IS;{DROXYLASE KINASE/FRUCTOSE-2,6-
BISPHOSPHATASE-3 4
EGLN1 PAI-1
CERULOPLASMIN HIF-1o. PROLYL HYDROXYLASE PLASMINOGEN ACTIVATOR
PHD2 INHIBITOR 1
HGTD-P
PHo(I)
C-MET HUMAN GROWTH AND PROCOLLAGEN PROLYL-4-
TRANSFORI\gﬁgToEI\IJI—\IDEPENDENT HYDROXYLASE o)
CTGF D2 RORa
CONNECTIVE TISSUE GROWTH INHIBITOR OF RETINOIC ACID RECEPTOR-
FACTOR DIFFERENTIATION/DNA BINDING ~ RELATED ORPHAN RECEPTORa.
CYP3A6 IGF-2 SDF-1
CYTOCHROME P450 SUBGROUP  INSULIN-LIKE FROWTH FACTOR-2  STROMAL DERIVED FACTOR 1
CXCR4 TERT
CHEMOKINE RECEPTOR 4 INTEGRIN B, TELOMERASE
DEC1,2 INTESTINAL TREFOIL
DELETED IN ESOPHAGEAL TRANSFERRIN
CANCER 1.2 FACTOR
CD73 LDHA TRANSFERRIN
ECTO-5-NUCLEOTIDASE LACTATE DEHYDROGENASE A RECEPTOR
ENDOCRINE GLAND- TGF-a,p
LACTASE TRANSFORMING GROWTH
DERIVED VEGF FACTOR o, B
VEGF
ENDOGLIN LEPTIN VASCULAR ENDOTHELIAL
GROWT FACTOR
ET-1 MEMBRANE TYPE-1 FLT-1
ENDOTHELIN-1 -
MATRIX VEGF RECEPTOR-1
METALLOPROTEINASE
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interactions, protein stability, DNA binding, and transcriptional activity.
HIF-loo undergoes multiple posttranslational alterations. These
modifications include phosphorylation, proline, and asparagine (factor
inhibiting HIF-1, FIH) hydroxylation, ubiquitination, SUMOylation,
acetylation, and S-nitrosation (Mazure et al. 2004, Brahimi—Horn et al.
2005, Ke et al. 2006). Acetylation, prolyl-hydroxylation, and
ubiquitination controls stability and the remainders regulate activity. In
addition, the prolyl hydroxylases are targets to HIF thereby creating a
negative feedback loop (van den Buecken et al. 2006).

As mentioned previously, HIF-1oo and HIF-2a share the same target
genes but their relationship is to some extent reciprocal. In the following
text only HIF-1 will be addressed. Once HIF-1 is activated it binds to
hypoxia-response elements (HREs), initiating transcription of more than
one hundred genes. A selection of these is presented in table 3. The genes
are involved in vascular growth and regulation, iron metabolism and
erythropoesis, collagen matrix formation, regulation of extracellular pH,
glucose uptake and metabolism, proliferation, apoptosis, differentiation
and cell viability, excellently summarized by Hirota et al. and Ke et al.
(2006). In fact it is proven in a global gene expression study that HIF-1
regulates 2% of all genes in arterial endothelial cells in humans, either
direct or indirect (Manalo ef al. 2005). Looking at the target genes of
HIF-1 it is clear that HIF-1 is involved in almost every step of the
endothelial sprouting process of angiogenesis.

GLUT-1 was first discovered in 1986 (Birnbaum et al. 1986) and it
facilitates the basal transport of glucose across the cellular membrane.
The GLUT-1 promoter holds a HRE and is therefore at least to a certain
extent regulated by HIF-1 (Ebert et al. 1995). Overexpression of GLUT-
1 has been observed in a number of different malignancies as well as
RCC (Yamamoto et al. 1990, Nagase et al. 1995, Lidgren et al. 2007)
and is fundamental for the neoplastic process.

Angiogenesis, hypoxia, and HIF-1a in RCC

A number of studies show that initiation of the “angiogenic switch”, and
a resulting angiogenic phenotype, through angiogenic factors such as
vascular endothelial growth factor (VEGF), carbonic anhydrase 9
(CAIX), glucose transporter 1 (GLUT-1) and micro-vessel density
(MVD) correlate to a poor prognosis in a number of malignancies (Borre
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et al. 2000, Birner et al. 2000, Schindl ez al. 2002, Bono ef al. 2002 and
Hoskin et al. 2003).

A distinguished feature of RCC is vascularisation and among the three
dominating RCC types, cRCC generally is more vascularised than pRCC
and chRCC (Kovacs et al. 1997, Briger et al. 1999); though it is not
obvious that increased angiogenesis is all bad, at least not in cRCC. A
relationship between increased MVD and a favorable outcome has been
implied in RCC (Yagasaki et al. 2003). High levels of other angiogenic
markers such as CAIX (Bui et al. 2004, Sandlund ef al. 2007) and HIF-
la (Lidgren ef al 2005) also correspond to better survival in cRCC.

Why cRCC present differently than other malignancies and why it is
more vascularised than its siblings might in part be explained by the von
Hippel Lindau tumour suppressor gene (VHL). Mutation of VHL or loss
of VHL expression occurs in approximately 80% of cRCC (Pantuck ef al.
2003). The alterations of the VHL gene in cRCC leads to a defect protein
(pVHL) that fails to exert its role as an oxygen-dependent degrader of
HIF-1/2a.. In the absence of a functional pVHL, HIF-la incorrectly
amplifies and initiates the angiogenic response to hypoxia by transcribing
a number of oxygen-regulated factors such as VEGF, VEGF-receptor 1
(Flt-1), GLUT-1, and erythropoietin (EPO) (Maxwell et al. 1999, 2001).
Overexpression of HIF-1a is found in many human cancers (Zhong et al
1999, Talks et al. 2000) including RCC (Lidgren et al. 2005, 2006), most
likely as a result of intratumoural hypoxia and the genetic alterations
mentioned above. HIF-1a target gene upregulation of VEGF and GLUT-
1, has also been observed in cRCC (Jacobsen et al. 2004, Lidgren et al.
2007).
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AIMS OF THESE INVESTIGATIONS

To quantify and characterize the expression of HIF-1a
protein in renal cell carcinoma and Kidney cortex using
Western Blot, and to correlate the expression to
clinicopathological parameters

To investigate a large number of renal cell carcinomas
utilizing TMA to quantify the expression of HIF-la
protein in order to verify any association to clinical
parameters

To evaluate HIF-1a activity by studying the expression
of GLUT-1 in renal cell carcinoma, and correlate
GLUT-1 to HIF-1a protein expression in the different
RCC types

To quantify HIF-lo. mRNA expression in renal cell
carcinoma and correlate it to HIF-lo protein
expression and clinical parameters in the different RCC

types
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MATERIAL AND METHODS

PAPER I: The expression of hypoxia-inducible factor loa is a
favourable independent prognostic factor in renal cell
carcinoma

PAPER II: Hypoxia-inducible factor 1o expression in renal cell
carcinoma analyzed by tissue microarray

PAPER III: Glucose transporter 1 expression in renal cell
carcinoma and its correlation with hypoxia-inducible
factor la

PAPER 1V: Hypoxia inducible factor-1a mRNA and protein levels in
renal cell carcinoma and in relation to kidney cortex tissue
kidney cortex and papillary renal cell carcinoma

Patients

The studies were approved by the ethical committee of Umea University
All patients were nephrectomised at the Department of Urology, Umea
University Hospital between 1985 and 2003; 1987-1998 in paper I, 1982-
1997 in paper II and III, and 1985-2003 in paper IV. Informed consent
was obtained from all patients. All RCC patients were
histopathologically verified. From surgical specimens’ tumour and
kidney cortex samples were obtained, divided into two parts, one for
formalin fixation and the other for PAD, snap frozen in liquid nitrogen
and stored in -80°C until analysis.

Paper 1

Ninety-two patients (66 cRCC, 20 pRCC, and 6 chRCC) were included.
Non-malignant kidney cortex tissues samples from fifteen corresponding
patients and five other patients (two with cRCC and three oncocytomas)
were also analyzed. There were 53 men and 39 women, with a mean age
of 66.0 years (range: 25-87 years).
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Paper 11

216 patients (176 conventional, 26 papillary, and 14 chromophobe), 127
men and 89 women with mean age 65.3 years, ranging from 25-87 years
were included.

Paper 111

187 patients were included in the study, (148 cRCC, 26 pRCC, and 13
chRCC), 108 men and 79 women with mean age 65.0 years (range 25-87
years).

Paper 1V

202 patients were included (168 cRCC, 23 pRCC, and 11 chRCC), 117
men and 85 women with a mean age of 65.8 years, ranging from 34-85
years. Non-malignant kidney cortex tissues samples from 49
corresponding patients (37 with cRCC, nine with pRCC and three chRCC)
were also analyzed.

Staging, grading, vein invasion, tumour type, and follow up

Staging procedures included physical examination, chest radiography,
ultrasonography, and computerized tomography of the abdomen. Tumour
staging was performed according to the TNM stage classification system
1997 (Sobin et al. 1997/2002). Tumour grade classification was
performed according to Skinner et al. (1971). RCC type was defined
according to the Heidelberg consensus conference (Kovacs et al. 1997).
All patients were followed with clinical and radiological examinations.
Tumour size was measured on the surgical specimens and/or on
computerized tomographies. Vein invasion was defined as tumour
invasion in major renal veins verified microscopically in renal hilum.

Follow up, paper 1

Thirty-five of 66 patients with conventional RCC had died of the disease,
13 diseased of other causes and 18 were alive at the end of the follow-up.
Patients alive had a median follow-up time of 98 months, ranging from
67 — 142 months.

Follow up, paper I1
Among the 216 patients, 110 had died of the disease, 60 diseased of other
causes, and 46 were alive at the end of the last follow-up with a median
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survival of 152 months, range 59 to 272 months.

Follow up, paper 111

Amongst the 187 patients, 97 had died of the disease, 53 died of other
causes, and 37 were alive at the end of the last follow-up with a median
survival of 161 months, range 91 to 281 months.

Follow up, paper IV

Out of 202 patients, 106 had died of the disease, 40 diseased of other
causes, and 56 were alive at the end of the last follow-up with a median
survival of 106 months, range 49 to 254 months.

Protein extraction and quantification, paper 1.

All tumour samples were collected immediately after the nephrectomy,
snap frozen in liquid nitrogen, and stored at -80 °C. Sections of the fresh
frozen tissues were fractionated and homogenized in two different
extraction buffers, containing urea or tris. The urea buffer contained 7 M
urea, 10 % glycerol, 10 mM Tris-HCI (pH 6.8), 1 % SDS, Complete™
Mini protease inhibitors (Roche Diagnostics GmbH, Mannheim,
Germany) and was slightly modified from a protocol published by
Wiesener et al. (1998). The procedure for the tris extraction has been
described earlier (Hedberg et al. 1999). Protein expression levels were
quantified by chemiluminescence (RPN 2135, ECL Advance,
Amersham, England) detection using QuantityOne, Fluor-S Multi Imager
(BIO-RAD, CA, USA).

Western blot analysis, paper I

Electrophoresis with protein extract from each sample was performed on
7.5 % SDS-polyacrylamide gels and transferred to nitrocellulose
membranes (Hybond-N, Amersham). The membranes were probed with
anti-f-actin (1:3000, Chemicon International, CA, USA) and anti-HIF-1a
(1:250, Transduction Laboratories, KY, USA) monoclonal primary
antibodies. A second incubation was performed with an anti-mouse
antibody (NA 931 Amersham, 1:1000 for HIF-1a, 1:4000 for -Actin,).
The proteins were detected according to recommendations from the
manufactures using ECL Advance™ (Amersham) and Fluor-S Multi
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Imager (BIO-RAD, CA, USA) and quantified by Quantity One® (BIO-
RAD). To ensure that equal amounts of protein were loaded, the
membranes were stained with Ponceau-red and -actin was detected.

The protein expression of HIF-1a was quantified using HeLa CoCl, Cell
lysate, (Transduction Laboratories) as a positive control (PC). Thus, 5
ug, 10 pg, and 15 pg PC were loaded on each gel to create the standard
curve. The relative HIF-1a concentration in the samples was thereafter
calculated according to the linear regression standard curve based on
HIF-1a expression of the PC.

Additionaly we tried to perform a protein detection of pVHL using
monoclonal anti-VHL antibodies (ab11191, Abcam and 550829, BD
Pharmingen, but the signal was absent and even though different
incubations, secondary antibodies, protein concentrations, gel
concentrations, RCC types/other tumours, filters and extraction buffers
were tested they rendered no results (data not presented).

TMA, antibody, and staining procedure, paper II and IIT

Paper I1

Tumour sections were screened by a pathologist and arranged pair-wise
in tissue micro array blocks, as described by Hedberg et al. (2003). Each
tumour was represented by two valid tissue cores on a tissue micro array
(TMA). Out of 237 tumous in the TMA, 21 were excluded due to
necrosis, defect cores, or more than 25% difference between the cores
when quantified. The formalin fixed tumour blocks used had been stored
for 3-19 years before TMA construction. Paraffine sections (4 um) from
the TMA blocks were deparaffinised and microwaved according to
standard procedures before being processed in an automatic
immunohistochemical staining machine (Ventana 320-202, Ventana Inc.,
Tucson). Expression of HIF-1a. was detected by a monoclonal antibody
diluted 1/2000 (Novus Biologicals), 1/20 dilution as well as another
antibody was tested, however without sucess. In order to verify that the
results were not dependent on tissue storage time, the percentage of
positively stained tumour cells were plotted for each year (data not
shown). The percentage was uniform throughout the study period and the
staining was therefore regarded as stable. The evaluation was performed
within one week after staining and HIF-1a expression was evaluated in
four groups according to staining intensity (0-3). Tumours that lacked
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staining were defined as group 0. Subsequent groups (1-3) were all HIF-
la positive but separated depending on intensity (1 = weak, 2 = medium,
3 = strong). The sections demonstrated very homogenous expression of
HIF-1a and no consideration to hot-spot evaluation had to be taken.

Paper 111

The TMA was arranged in the same way and stored as long as in paper
II. Out of 237 tumours in the TMA, 50 were excluded due to defect cores
or necrosis. More than 25% difference in staining intensity between the
cores when quantified was also an exclusion criteria, however none of
the tumours were excluded due to these criteria. Expression of GLUT-1
was detected by a monoclonal antibody diluted 1/100 (Alpha Diagnostics
International). Verification of storage time was performed as in paper II.
GLUT-1 expression was evaluated in four groups depending on staining
intensity, as described in paper II (Lidgren et al. 2006) and the HIF-1a
expression pattern from that study was used in this study as well.
Due to the same exclusion criteria as described in paper II, 14 tumours
failed to match when comparing GLUT-1 and HIF-1a, thus 173 (137
cRCC, 23 pRCC, 13 chRCC) samples had a counterpart.

RNA - cDNA preparation and mRNA quantification, paper IV

Total RNA was isolated from frozen specimens using the TRIzol method
(Invitrogen, Stockholm, Sweden). RNA concentrations were measured
spectrophotometrically at 260 nm (Lambda 2 UV/VIS, Perkin Elmer,
Stockholm, Sweden). Electrophoresis was then run and RNA verified by
ethidiumbromide staining of 18S and 28S rRNA. Complementary DNA
(cDNA) was made, all samples in duplicates by Superscript Il reverse
transcriptase (Invitrogen, Stockholm, Sweden). 250 ng total RNA was
transcribed in 20 pl reaction according to the manufacturer.

Quantification of HIF-loo mRNA was done using LightCycler FastStart
DNA Master SYBR Green I technology (Roche Diagnostics). PCR was
conducted in 20 pl reaction volume, containing 3 mM MgCl,, cDNA, 2
ul DNA Master SYBR Green I and 0.5 uM of each primer (HIF-1a Left:
5’ —agg agg atc acc ctc ttc gt — 3° Right: 5’ - gaa agg caa gtc cag agg tg —
3’). The PCR activation step was done by LightCycler instrument 1.0
(Roche). 10 min pre-incubation at 95 °C to activate the Hot Start DNA
polymerase and denaturation of DNA followed by amplification of the
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target DNA by 45 cycles at 95 °C, denaturation for 15 s, annealing 62 °C
“primerdependent”, and 72 °C extension for 10 s. A melting curve
program was run to verify PCR product specificity. Negative controls
were run to confirm that samples not were cross contaminated. Relative
mRNA values of HIF-1a in the samples were calculated from a standard
curve of five-fold serial dilution from one reference sample. Target
values are presented as relative values in comparison to reference sample.

Statistical analysis

Spearman’s test of correlation, Fisher’s exact test, Chi-square test and the
Mann-Whitney U-test were used for statistical analyses. The Kaplan-
Meier method was used for construction of survival curves and the log-
rank test for survival analyses. Multivariate analysis was performed
according to Cox proportional hazard model. The significance level was
set to 0.05 and all tests were two-sided. Statistical analyses were
performed using SPSS statistical software, version 11.0 (statistical
package for social sciences, SPSS Inc, Illinois).
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RESULTS AND DISCUSSION

PAPER1

Protein extraction and mobility shift

Initially there were some methodological challenges due to the absence
of commercially existing antibodies at this time. A monoclonal antibody
from Novus Biologicals (NB100-123) against HIF-1o. was also tested,
unfortunately without success (data not presented). Protein extractions
were performed using two buffers containing urea or tris. Using tris
extraction buffer the HIF-lo signal came out weak so proper
measurements were taken in order to amplify the signal. Amersham’s
biotin/avidin system gave rise to unspecific signals; hence the method
was not feasible. A third approach using Amersham’s AMDEX™-poly-
HRP secondary antibody was tested. Due to extensive background this
approach rendered no acceptable solution.

In contrast, using urea extraction buffer, the magnitude of the signal
became evidently stronger in comparison to tris extraction. Both HIF-1a
bands were persistently shifted towards a higher molecular weight in the
urea extracts compared with the tris extracts. Several, parallel gels were
run, using the same tumour but different extraction buffers and the results
were comparable except for the mobility shift and signal intensity.

In both buffers HIF-1oo was detected and quantified as two distinctly
separated bands. Our results confirm that in RCC and its corresponding
non-malignant kidney cortex, two distinct HIF-1a bands can be detected
with immunoblotting and that they are thought to represent different
posttranslational modifications (Powell ez al. 2002, Wang et al. 1995).
As mentioned previously, these modifications regulate HIF-1a stability
and activity.

HIF-10 expression

In the RCC tissue and in the kidney cortex samples, HIF-1a was detected
by Western blot as two distinct bands at ~116 kDa. In contrast, in the
positive control sample only a single band was detected. The larger HIF-
la band in the RCC samples was defined as HIF-10"™*" and the band
with a slightly lower molecular weight was defined as HIF-1a."""*". In
order to enable quantification 5, 10, and 15 pg PC protein was loaded on
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each gel. The PC values obtained were used for quantification of the
tissue samples by construction of a linear regression standard curve, the
average r-value for the positive controls on all gels were 0.97. Analysis
of 1, 5, 10, 20, 50, 100, and 200 pg PC showed a linear expression of
HIF-1a thus enabling extrapolation within the protein range. The relative
values of HIF-10"P**" and HIF-1a"""*" protein-expression significantly (r
= 0.906, p < 0.001) correlated and were uniform between the different
RCC types. Hence they were added together, defined as HIF-1a.'*® and
evaluated as a single value.

Protein expression of HIF-1o in RCC types and non-malignant kidney
cortex tissue

The relative concentration of HIF-1a"P"*", HIF-1a™"*, and HIF-10'*
varied between the different RCC types and non-malignant kidney
cortex. cRCCs had significantly higher levels of all three HIF-la-
parameters (HIF-1a"PP*, HIF-1a"°"*", and HIF-10""), compared with
the other RCC types and with kidney cortex. pRCC also expressed
significantly higher relative values of all HIF-parameters compared with
chromophobe RCC. When comparing pRCC and kidney cortex tissue,
significant differences were observed only for HIF-1a"" and HIF-
1a™. There was no difference in HIF-la levels between chRCC and
kidney cortex. A comparison between 12 cRCC and their corresponding
non-malignant kidney cortex tissue demonstrated significantly higher
HIF-1a expression in cRCC for all three parameters.

The accumulation of HIF-1a in cRCC is very likely due to the loss of
function in pVHL as described earlier and this is supported by other
studies from our group (Jacobsen et al. 2004, Sandlund et al. 2007). The
fact that pRCC expressed HIF-1a levels higher than kidney cortex might
simply mirror a hypoxic environment in this tumour type. The divergence
seen between pRCC and cRCC could reflect an additive effect of hypoxia
and VHL-defects in cRCC. Wiesener et al. (2001) showed that HIF-1a
immunostaining was most intense in regions related to areas of necrosis
in a majority of their tumours. In contrast, in cRCC we observed HIF-1a
immunoreactivity in cells throughout the tumour.

HIF-1¢""" and clinicopathological parameters

When using mean, median, or upper quartile (22.9 and 12.2 relative
concentration in chRCC and pRCC, respectively) HIF-1a™% as cut-off
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. Total .
values, no correlation between HIF-1a ®* expression and tumour stage,

nuclear grade, gender, tumour size, vein invasion, or DNA ploidy was
noted neither in conventional (n = 66) nor in papillary RCCs (n = 20).
One could have expected that HIF-la levels would have an inverse
correlation to tumour stage and grade but as described no correlation was
observed. No statistical analysis was performed in chRCC due to the
relative low number of patients.

The mean relative concentration of HIF-la expression value of
kidney cortex + 2 SD (4.4 + 3.6) was defined as the cut-off of normal
value (corresponding to 11.6 ug PC protein). Based on this cut-off value
two groups of tumours were defined as high HIF-1a"™ and low HIF-
10" In patients with conventional RCCs, those 44 with high HIF-
1™ tumour survived significantly longer than the 22 patients with low
HIF-10™ (p = 0.024). In the 20 patients with pRCC no such survival
difference could be seen (p = 0.224). In a multivariate analysis of cRCC
only, tumour stage but also HIF-lo remained as an independent
prognostic factor when stratified to stage. The fact that high levels of
HIF-1a represents a better prognosis can probably in part be explained
by HIF-1a's inverse correlation to HIF-2a, which also appears to be
dependent on VHL functional ability (Raval et al. 2005). Furthermore it
has been shown that in VHL-patients, lacking a functional VHL, HIF-1a
expression is an early feature of the disease whereas HIF-2a upregulation
occurs later in larger and more dysplastic lesions (Mandriota et al. 2002).
Previous studies from our group have shown both adverse (Jacobsen et
al. 2000) and favourable (Sandlund et al. 2007) survival for high
expression of HIF-la target genes. This highlights the complexity in
regulation and expression of HIF in RCC.

Total

PAPER 11

HIF-1a expression on TMA

TMA was first described by Kononen et al. (1998) and is a brilliant
technique for determining protein expression in clinical samples. Even
though only 0.6 mm of tumour mass is analyzed the correlation to whole
tissue sections are surprisingly high (Camp et al. 2000, Nocito et al.
2001, Torhorst et al. 2001 and, Fernebro et al. 2002). This makes the

33



method fast and inexpensive both in terms of tumour tissue used as well
as actual money spent.

Utilizing this technique we found HIF-la staining mainly in the
cytoplasm. Given the fact that HIF-1a is a transcription factor it would
have been very exciting to identify nuclear staining. However, despite
attempts with different antibodies and dilutions, nuclear staining was
observed only sparsely and therefore not further evaluated. Zagzag et al.
(2005) successfully studied HIF-1o immunhistochemical nuclear staining
in RCC. The only methodological difference from our study was the
length of time in target retrieval solution.

The tumours were subdivided according to HIF-1a expression into two
groups where negative (0, n=43) and weak stained (1, n=50) were
gathered and defined as HIF-1a*°". Tumours with medium (2, n=87)
and strong HIF-1a staining (3, n=36) were defined as HIF-1a"“". The
distribution of HIF-1a. "°" expression versus HIF-10/"'" expression did
not differ between the three RCC types. Neither was there any statistical
difference between the RCC types comparing negative versus stained
tumours nor those with strong HIF-1a staining compared with weaker
HIF-1a staining.

Our result contradicts previous studies showing higher levels of HIF-1a
in cRCC compared with other RCC types (Wiesener et al. 2001, Lidgren
et al. 2005). The lack of consistency between the studies might be due to
the use of different methods to detect HIF-1a protein expression. A
similar discrepancy was also noticed by Jacobsen et al. (2004, 2005)
when analyzing VEGF protein expression and comparing Western blot to
immunohistochemical analysis. Our study shows that TMA is a feasible
method to analyze HIF-1a expression in a large number of RCCs. By the
use of two tissue cores from the same tumour the immunohistochemical
information could be validated. However, the limited tumour areas that
are analyzed need to be recognized when interpreting the data.

RCC and clinicopathological parameters

There was no correlation between HIF-1a expression and age or gender
in ¢cRCC. For patients with HIF-loo ™" staining, a trend (p=0.055)
towards better survival was observed compared to those with HIF-10"°V.
This supports our previous finding using Western blot analysis, where
high HIF-la expression was found to be an independent inverse
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prognostic factor in cRCC in contrast to findings in papillary RCC
(Lidgren et al. 2005). Thus an upregulation of HIF-1a is not necessarily
all negative, at least not in cRCC.

When comparing HIF-1a*®V versus HIF-1a to TNM stage we saw
that locally advanced cRCCs had significantly (p=0.024) lower HIF-1a
expression compared with tumours confined to the kidney and those with
metastatic spread. Looking at nuclear grade, vein invasion and tumour
size (p=0.009, p=0.0041, p=0.012) respectively, it appeared as if less
aggressive tumours, based on these parameters, had high HIF-la
expression. Supporting these findings are studies on vascular density
(Kohler et al. 1996, Delahunt et al. 1997, and Sandlund ef al. 2006).

In pRCC, HIF-1a expression did not correlate to age, gender or tumour
size. There was no difference in survival between HIF-1a"°" and HIF-
10" pRCCs also supporting previous findings where we could not
observe any survival differences in pRCC (Lidgren ef al. 2005). HIF-1a
expression differed significantly in pRCC when compared to tumour
grade (p=0.05) but not to TNM stage or vein invasion. 14 chRCCs
disabled further statistical analyses for that tumour type.

HIGH

PAPER III

GLUT-1 expression on TMA

In order for tumours to maintain their proliferative characteristics, a main
task of HIF-1a is to ensure the rapid delivery of energy; hence glucose
transport is very important. As presented in paper II we showed that
TMA was a feasible method in RCC. In this paper our aim was to
quantify GLUT-1 utilizing the same technique and correlate GLUT-1 to
HIF-1a expression. Some of the advantages of TMA were mentioned
previously but an additional strength is the relative obviation of
heterogeneity, a widespread problem when studying tumour tissue
(Ljungberg et al. 1985), since consecutive, thin sections of the same
tissue core are used when following a series of intracellular events, e.g.
HIF-1o and its target gene GLUT-1.

GLUT-1 staining was present mainly in the cell membrane and the

cytoplasm; there was only sparse nuclear staining and this was not further
evaluated. The tumours were subdivided according to GLUT-1
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expression into two groups where the negative (0, n=5) and weak stained
(1, n=68) were gathered and defined as GLUT-1"°V. Tumours with
medium (2, n=76) and strong GLUT-1 staining (3, n=38) were defined as
GLUT-1""",

A striking discovery in the present study was that cRCC had significantly
higher incidence of GLUT™ " expression than both ¢chRCC (p<0.001)
and pRCC (p=0.002). This supports our previous findings (Lidgren et al.
2005), showing the importance of separating the different RCC types
when assessing protein expression in RCC. The difference in GLUT-1
expression is once again probably explained in part by a functional VHL
gene in most of both chRCC and pRCC, in contrast to cRCC, where up to
80% has a dysfunctional pVHL, causing loss of HIF-la degradation
(Gnarra et al. 1994, Herman et al. 1994).

RCC and clinicopathological parameters

In the present study, out of 148 cRCC’s 103 had GLUT-1"" expression.
This finding support previous studies showing GLUT-1 overexpression
in most solid tumours, including cRCC (Yamamoto et al. 1990, Nishioka
et al. 1992, Nagase et al. 1995 and, Wang et al. 2000). Furthermore,
GLUT-1 was overexpressed mainly in cRCC but not in pRCC, indicating
other pathways for glucose metabolism in the different RCC types.
Neither in pRCC nor cRCC was there a correlation between GLUT-1
HIGH and "9V expression and age, gender, grade, tumour size, or vein
invasion. However, in pRCC but not in cRCC a significant (p=0.043)
correlation between tumour stage and GLUT-1 expression was observed.
pRCC and cRCC patients with GLUT-1 “°% staining had a non-
significant trend (p=0.14, p=0.44 respectively) towards better survival
compared to those with GLUT-1""“". This finding, possibly indicating,
that high GLUT-1 is associated with adverse survival in both cRCC and
pRCC, has not been reported previously.

Since there were only 13 chRCCs, no further statistical analyses were
performed though they served excellently when illustrating the difference
between tumour types.

These results show a discrepancy between the RCC types, highlighting
the need to separately evaluate biological events in different RCC types.

GLUT-1 versus HIF-a expression

When comparing GLUT-1 versus HIF-1a expression in 137 cRCC’s and
23 pRCC’s a significant (p=0.007) correlation was observed in cRCC.
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Thus high levels of GLUT-1 correlated to high levels of HIF-1a. For
pRCC no correlation could be observed. Although there was a correlation
between GLUT-1 and HIF-1la, as reported previously, it is perplexing
that the clinical outcomes for patients with these two proteins are so
different, especially regarding survival. This might be because the HIF-
la staining reported here was mainly in the cytoplasm; in most tumours
nuclear staining was weak or absent, and this might be due to the
antibody or technique used in the present analysis (Lidgren et al. 2006).
However, several different antibodies were tested to achieve nuclear
staining. It is possible that nuclear staining might have given other
survival information in addition to that from cytoplasmic HIF-la
staining.

PAPER 1V

HIF-1aa mRNA expression in different RCC types and kidney cortex.
HIF-1amRNA association to HIF-1«a protein

In RCC, only limited information is available on HIF-laa mRNA
expression and the data is scattered with results that claim both higher
HIF-1ao mRNA levels in tumours compared to kidney cortex (Turner et
al. 2002), as well as comparable HIF-1a expression between tumour
types and kidney cortex (Wiesener et al. 2001). Furthermore, in a number
of in vitro studies, it has been reported that HIF-1ao mRNA levels (Huang
et al. 1996) as well as the translational activity of HIF-1oo mRNA (Lang
et al. 2002) remain constant, despite difference in oxygen pressure.

Relative HIF-1lao mRNA levels in this study ranged from 0 to 217.2
(median 18.0) in all RCCs. In our study cRCC HIF-1lao mRNA levels
were significantly lower compared with pRCCs and kidney cortex tissues
(p=0.001 and p=<0.000, respectively), a trend (p=0.077) was observed
when compared to chRCCs. There was no significant difference in HIF-
la mRNA levels between pRCC, chRCC and kidney cortex tissue. When
comparing the HIF-lo mRNA levels in the RCC types with their
corresponding kidney cortex tissues only cRCC had significantly lower
HIF-1a levels than its corresponding kidney cortex tissue (p=<0.000).

We have previously shown (Lidgren et al. 2005) that HIF-1o protein
levels are higher in cRCC in comparison to kidney cortex and other RCC
types. Low mRNA levels of HIF-la in cRCC could reflect a
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compensatory state due to VHL-mutations since we also observed a high
HIF-1a protein/low HIF-1ao mRNA relationship. This theory is in line
with the results of Krieg et al. (2000) where HIF-1ao mRNA levels were
elevated in the presence of a functional VHL protein in renal carcinoma
cells. The differences in HIF-lao mRNA levels seen between tumour
types and kidney cortex, as well as the HIF-lo protein/mRNA
association as in pRCC makes one theoretically assume that this reflects
a hypoxic response and an autocrine stimulation restraining the cellular
reply through a regulation in the internal ribosome entry site (IRES).

HIF-1a mRNA and clinicopathological parameters

Looking at the clinic for the patients in this study we observed that males
with cRCC had significantly lower HIF-laa mRNA levels (p=0.024)
compared with females. Older patients with cRCC had significantly
higher HIF-1ao mRNA levels (p=0.047) than younger patients though
there was no difference in age between genders. In pRCC no correlation
to age or gender and HIF-1oo mRNA expression could be seen.

Using the median HIF-1ao mRNA level for each tumour type, two groups
were created in order to proceed with additional statistical analyses.
Neither for cRCC nor pRCC could any differences be observed when
HIF-1oo mRNA was compared to tumour size, tumour stage, or nuclear
grade. Looking at survival there was no statistical difference between the
groups in cRCC, but for pRCC it appeared as if patients with low HIF-1a
mRNA levels had a better prognosis (p=0.076). The finding in this study
regarding HIF-loo mRNA/protein relation along with previous results
(Lidgren et al. 2006) supports this discovery. Additionally, high micro-
vessel density has also been shown to be related to favourable outcome in
RCC (Yagasaki et al. 2003, Sandlund et al. 2006) further supporting this
finding. This indicates that angiogenesis may not be all bad, at least not
in RCC.

Given HIF’s position in angiogenesis its tempting to try to find ways to
inhibit its expression. Mammalian target of rapamycin (mTOR) is
activated through the PI3K/AKT pathway and is an inducer of HIFa
expression as well as translational activity in general (Nelson et al.
2007). Rapamycin analogues such as temsirolimus have displayed
antagonizing activity towards mTOR in phase II trials, with a response
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rate of 7% (Atkins et al. 2004). The response to mTOR inhibition
appears to be determined by the tumour type dependence of mTOR
(Thomas et al. 2006). However, it remains to be elucidated when to strike
against angiogenesis in tumours, given the fact that the overall amount of

angiogenesis is diverse in different RCC types, maybe at different times,
and may not always be all bad.
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CONCLUSIONS

Using Western Blot in order to study HIF-1a protein expression
in RCC renders two forms that correlate significantly to each
other, and can be added together when analyzing HIF-1a in RCC.

Protein expression of HIF-lo in renal cell carcinoma differs
significantly between RCC types and corresponding kidney

cortex.

Increased expression of HIF-1a appears to correspond to a better
prognosis for patients with pRCC and cRCC.

TMA is a feasible method for studying angiogenic factors and
their relationship in renal cell carcinoma.

GLUT-1 protein is highly expressed in renal cell carcinomas and
correlates to HIF-1a protein expression.

GLUT-1 protein levels differs significantly between RCC types.

HIF-1lo. mRNA expression is significantly lower in ¢cRCC in
comparison to other RCC types and corresponding kidney cortex.

High HIF-la protein levels correspond to low HIF-lao mRNA
levels in pRCC and cRCC.

40



ACKNOWLEDGEMENTS

This work was carried out at the Department of Surgical and
Perioperative Sciences, Urology and Andrology in cooperation with the
Department of Medical Biosciences, Pathology, Clinical Chemistry and

the Department of Radiation Sciences, Oncology

This work was funded by the Swedish Cancer Society, Cancer Research
Foundation in Northern Sweden, and Medical Faculty, Umea University,
Umeéd

Borje Ljungberg My supervisor. Not as harsh as most people think,
though he loves to hear it... Thanks for supervising me and straightening
me out whenever needed. When you’re not an invited speaker out
travelling, writing articles, playing hockey, orienteering, performing
nephrectomies, attending FUN or the clinic it’s great to sit down and talk
to you about everything from angiogenesis to getting your hair (or
moustache) cut.

Kjell Grankvist My co-supervisor. Whenever I was short on fuel you
always had some to lend, taking things forward despite steep hills. Your
encouragement and positive attitude is golden. Thanks for helping me
overcome the problem of having four supervisors and dragging me past
the finish line!

Anders Bergh My co-supervisor. Your massive knowledge and magic
sense of logic thinking makes difficult things sound easy. This thesis
could not have afforded your absence.

Torgny Rasmuson My co-supervisor. Always calm, seeing things from
a different perspective. Statistical guru that at all times gave me feedback
despite being the furthest away.

Ylva Hedberg Co-author and colleague. I just don’t know where to
start.. Every article holds a touch of Hedberg, all the things you’ve taught
me through the years from Western Blots and SPSS to patience and being
organized. Thanks!!

41



Solveig Isberg my extra mom, making sure I had track of all important
deadlines and paperwork. Kerstin Almroth and Britt-Inger Dahlin
helping me out with patient material and information.

Pawel Grabowski and Dan Gustafsson (Shared first name) Without
you guys I would not have made it this far, for sure!!! Two boys in their
best age, revitalizing an old man and making him laugh. Thanks for
helping me overcome my ethnical issues by spending so much time with
people with a strange accent that also smells funny. We sure rediscoved
anatomy through fruitful discussions about girls. We still need to hook up
and get drunk beyond all recognition.

Jorgen Andersson and Niklas Thurfjell (1337) Pheew... You made me
work hard in order to defend the “sLaXXor” title at the Department.
Helicopter games, poker, intelligence tests, exploring the internet (and I
mean EXPLORING the internet..) and just discussing the latest online
games in general forced me to go to work.

Magnus Borssén For being a great colleague and a besserwisser, always
keeping me on my toes when discussing strictly work related issues such
as hypermethylation or the homosexual prevalence in the world in the
short time of a 2 hour coffebreak or 3 hour lunch.

Gudrun Lindh Excellent co-authorship as well as technical assistance.
Despite being on different floors it has always been nice knowing that
you have been there if I ever wanted to discuss methodological issues or
the management...

Bjorn Tavelin SPPS mercenary, helping me out with statistical analyses,
Veronica Janson, Word and Excel freelancer, making things look good..

All the personal on Floor 2 and the old 3B corridor For being good
colleagues making this place a great place to work! “Torsdagsfikat” is
renowned and a lot of important disagreements in the world could easily
be solved over chocolate chip cookies and a cup of coffee at that weekly
happening.

GRANDE LUXE® GOD if we would have been 10 years younger, we
could have conquered the fucking world!!! Thanks for making me endure

42



writing a doctoral thesis by giving me the number one satisfaction in life,
playing music with you guys! Matte you are a fucking musical genius
and a great friend, MEN ARU HEEELT!!.. Per, you are the glue keeping
us together through your musicality, amazing social intelligence and
nudity. Larra, never modest, extremely musical and a good friend. But
try  counting the number of letters in this  word:
OMGWTFSTFUFFSROFLPILLASALITAPAKOKE!

Per Lonnberg Grande Luxe band member, business associate and best
friend. Thanks for being a great friend, as far away from the academic
world that is just possible, putting things in my life in perspective. Keep
on wandering around in your Meindl boots and Hagl6éfs rucksack,
wearing only that, secretly longing for the US title... /mestyvnar. Mikael
Nordendahl Best friend and admirable entrepreneur that has borrowed
me some great ideas applicable in academic corridors, eg rationality and
that anything is possible. Thanks for always being around. Jonas
Wranding, good friend that has taught me fly fishing and protected me
from raging bears. Magnus Andersson, thanks for helping me with the
cover and for taking me fishing in the bush, finding deserted houses.
Give up medical science, Fernet Branca is the solution to everything!
Thomas Andersson, thanks for excellent work on the cover, actually
making this book interesting... Erik Aberg, Derrik Astrém, Kongo and
the rest of you crazy fucks in Team 15. Thanks to a shitload of my
friends that | forgot to thank, but did not... Friends and family is all that
matters in life and this thesis would not have been finished if it was not
for all of you. You know who you are. Thanks a million times.

My family Mom and dad for always believing in me, showing me that
blood really is thick. The ways in which you have helped me are never-
ending!! Susanne and Veronica, my favourite sisters, thanks for putting
up with your somewhat over-energetic brother, pep-talking him into
pursuing his goals despite sibling rivalry, stupid spouses or relational
differences. You are the framework holding my life together. Grandma
Margith, here is an academic title for you!

Yvonne, Tilde, and Filippa.
My beautiful daughters and their fantastic mother!
Everything I accomplish | owe to your mere presence in my life!
Love you endlessly!

43



REFERENCES

American Cancer Society. Cancer facts and figures. American Cancer
Society; 2004

Amin MB, Amin MB, Tamboli P, Javidan J, Stricker H, de-Peralta
Venturina M, Deshpande A, Menon M. Prognostic impact of histologic

subtyping of adult renal epithelial neoplasms: an experience of 405 cases.
Am J Surg Pathol 2002, 26:281-91.

Atkins MB, Hidalgo M, Stadler WM, Logan TF, Dutcher JP, Hudes GR,
Park Y, Liou SH, Marshall B, Boni JP, Dukart G, Sherman ML.
Randomized phase II study of multiple dose levels of CCI-779, a novel
mammalian target of rapamycin kinase inhibitor, in patients with
advanced refractory renal cell carcinoma. Clin Oncol 2004, 22:909-918.

Basilico C and Moscatelli D. The FGF family of growth factors and
oncogenes. Adv Cancer Res 1992 59:115-165.

Bensalah K, Leray E, Fergelot P, Rioux-Leclercq N, Tostain J, Guillé F,
Patard JJ. Prognostic value of thrombocytosis in renal cell carcinoma. J
Urol 2006, 175:859-863.

Bicknell, Lewis and Ferrara, “Tumour angiogenesis”, Oxford University
Press, 1997.

Birnbaum MJ, Haspel HC, Rosen OM. Cloning and characterization of a
cDNA encoding the rat brain glucose-transporter protein. Proc Natl Acad
Sci USA 1986, 83:5784-5788.

Birner P, Schindl M, Obermair A, Plank C, Breitenecker G, Oberhuber
G. Overexpression of hypoxia-inducible factor lo is a marker for an

unfavourable prognosis in early-stage invasive cervical cancer. Cancer
Res 2000, 60:4693-4696.

Bono AV, Celato N, Cova V, Salvadore M, Chinetti S, Novario R.

Microvessel density in prostate carcinoma. Prostate Cancer Prostatic Dis
2002, 5:123-127.

44



Borgstrom P, Bourdon MA, Hillan KJ, Sriramarao P, Ferrara N.
Neutralizing anti-vascular endothelial growth factor antibody completely
inhibits angiogenesis and growth of human prostate carcinoma micro
tumours in vivo. Prostate 1998, 35:1-10.

Borre M, Nerstrom B, Overgaard J. Association between
immunohistochemical expression of vascular endothelial growth factor
(VEGF), VEGF-expressing neuroendocrine-differentiated tumour cells,
and outcome in prostate cancer patients subjected to watchful waiting.
Clin Cancer Res 2000, 6:1882-1890.

Bouck N, Stellmach V, Hsu S. How tumours become angiogenic. Adv
Cancer Res 1996, 69:135-174.

Brahimi-Horn MC, Pouysségur J. The hypoxia-inducible factor and
tumour progression along the angiogenic pathway. In Rev Cytol 2005,
242:157-213.

Brahimi-Horn C, Mazure N, Pouysségur J. Signalling via the hypoxia-
inducible factor-lalpha requires multiple posttranslational modifications.
Cell Signal 2005, 17:1-9.

Brieger J, Weidt EJ, Schirmacher P, Storkel S, Huber C, and Decker HJ.
Inverse regulation of vascular endothelial growth factor and VHL tumour
suppressor gene in sporadic renal cell carcinomas is correlated with

vascular growth: an in vivo study on 29 tumours. J Mol Med 1999,
77:505-510.

Bui MH, Visapaa H, Seligson D, Kim H, Han KR, Huang Y, Horvath S,
Stanbridge EJ, Palotie A, Figlin RA, Belldegrun AS. Prognostic value of
carbonic anhydrase IX and KI67 as predictors of survival for renal clear
cell carcinoma. J Urol 2004, 171:2461-6.

Bukowski RM. Natural history and therapy of metastatic renal cell
carcinoma: the role of interleukin-2. Cancer 1997, 80:1198-220.

Camp RL, Charette LA, Rimm DL. Validation of tissue microarray
technology in breast carcinoma. Lab Invest 2000, 12:1943-49.

45



Carroll VA, Ashcroft M. Role of hypoxia-inducible factor (HIF)-1alpha
versus HIF-2alpha in the regulation of HIF target genes in response to
hypoxia, insulin-like growth factor-I, or loss of von Hippel-Lindau
function: implications for targeting the HIF pathway. Cancer Res 2006,
66:6264-70.

Charlesworth PJ, Harris AL. Mechanisms of disease: angiogenesis in
urologic malignancies. Nat Clin Pract Urol 2006, 3:157-69.

Chilov D, Camenisch G, Kvietikova I, Ziegler U, Gassmann M, Wenger
RH. Induction and nuclear translocation of hypoxia-inducible factor-1
(HIF-1): heterodimerization with ARNT is not necessary for nuclear
accumulation of HIF-1alpha. J Cell Sci 1999, 112:1203-12.

Chow WH , Susan SD, Warren JL, Fraumeni, Jr JF. Rising incidence of
renal cell cancer in the United States. JAMA 1999, 281:1628-1631.

Cockman ME, Masson N, Mole DR, Jaakkola P, Chang GW, Clifford
SC, Maher ER, Pugh CW, Ratcliffe PJ, Maxwell PH. Hypoxia inducible
factor-alpha binding and ubiquitylation by the von Hippel-Lindau tumour
suppressor protein. J Biol Chem 2000, 275:25733-41.

Cohen HT, McGovern FJ. Renal-cell carcinoma, N Engl J Med 2005,
353:2477-2490.

Delahunt B, Bethwaite PB, Thornton A. Prognostic significance of
microscopic vascularity for clear cell renal carcinoma. Br J Urol 1997;
80:401-4.

DiBiase SJ, Valicenti RK, Schultz D, Xie Y, Gomella LG, Corn BW.
Palliative irradiation for focally symptomatic metastatic renal cell
carcinoma: support for dose escalation based on a biological model, J
Urol 1997, 158:746-749.

Ebert BL, Firth JD, Ratcliffe PJ. Hypoxia and mitochondrial inhibitors

regulate expression of glucose transporter-1 via distinct Cis-acting
sequences. J Biol Chem 1995; 270:29083-29089.

46



Epstein AC, Gleadle JM, McNeill LA, Hewitson KS, O'Rourke J, Mole
DR, Mukherji M, Metzen E, Wilson MI, Dhanda A, Tian YM, Masson
N, Hamilton DL, Jaakkola P, Barstead R, Hodgkin J, Maxwell PH, Pugh
CW, Schofield CJ, Ratcliffe PJ. C. elegans EGL-9 and mammalian
homologs define a family of dioxygenases that regulate HIF by prolyl
hydroxylation. Cell 2001, 107:43-54.

Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, Siebels M,
Negrier S, Chevreau C, Solska E, Desai AA, Rolland F, Demkow T,
Hutson TE, Gore M, Freeman S, Schwartz B, Shan M, Simantov R,
Bukowski RM; TARGET Study Group: Sorafenib in advanced clear-cell
renal-cell carcinoma. N Engl J Med 2007, 356:125-134.

European Network of Cancer Registries. Eurocrim version 4.0. European
incidence database V2.3, 730 entity dictionary (2001). Lyon, France,
2001.

Fernebro E, Dictor M, Bendahl PO, Ferno M, Nilbert M. Evaluation of
the tissue microarray technique for immunohistochemical analysis in
rectal cancer. Arch Pathol Lab Med 2002, 126:702-5.

Ferrara N, Gerber HP, and Le Couter J. The biology of VEGF and its
receptors. Nat Med 2003, 9:669-676.

Ferrara N. Vascular endothelial growth factor: basic science and clinical
progress. Endocr Rev 2004, 25:581-611.

Ficarra V, Novara G, lafrate M, Cappellaro L, Bratti E, Zattoni F,
Artibani W. Proposal for reclassification of the TNM staging system in
patients with locally advanced (pT3-4) renal cell carcinoma according to
the cancer-related outcome. Eur Urol 2007, 51:722-9.

Flaherty KT, Fuchs CS, Colditz GA, Stampfer MJ, Speizer FE, Willett
WC, Curhan GC. A prospective study of body mass index, hypertension,

and smoking and the risk of renal cell carcinoma (United States). Cancer
Causes Control. 2005, 16:1099-106.

Folkman J, Hanahan D. Switch to the angiogenic phenotype during
tumourigenesis. Princess Takamatsu Symp 1991, 22:339-47.

47



Fossa SD, Interferon in metastatic renal cell carcinoma, Semin Oncol
2000, 27:187-193.

Fuhrman, L.C. Lasky and C. Limas, Prognostic significance of
morphologic parameters in renal cell carcinoma, Am J Surg Pathol 1982,
6:655.

Fyfe GA, Fisher RI, Rosenberg SA, Sznol M, Parkinson DR and Louie
AC. Long-term response data for 255 patients with metastatic renal cell

carcinoma treated with high-dose recombinant interleukin-2 therapy. J
Clin Oncol 1996, 14:2410-2411.

Gnarra JR, Tory K, Weng Y, Schmidt L, Wei MH, Li H, Latif F, Liu S,
Chen F, Duh FM,Libensky Y, Duan DR, Florence C, Posatti R, Walther
MM, Bander NH, Grossman HB, Brauch H, Pomer S, Brooks JD, Isaacs
WB, Lerman MI, Zbar B, Linechan WM. Mutations of the VHL tumour
suppressor gene in renal carcinoma. Nat Genet 1994, 7:85-90.

Gold PJ, Fefer A, Thompson JA. Paraneoplastic manifestations of renal
cell carcinoma. Semin Urol Oncol 1996, 14:216-22.

Good DJ, Polverini PJ, Rastinejad F, Lebeau MM, Lemons RS, Frazier
WA, and Bouck NP. A tumour-suppressor dependent inhibitor of
angiogenesis is immunologically and functionally indistinguishable from
a fragment of thrombospondin. Proc Natl Acad Sci U S A 1990, 87:6624-
6628.

Greene FL, editor, AJCC cancer staging handbook. 6" edition,
Philadelphia, Lipincott Raven Publishers, 2002.

Gruber M, Simon MC. Hypoxia-inducible factors, hypoxia, and tumour
angiogenesis. Curr Opin Hematol 2006, 13:169-174.

Gschwind A, Fischer OM, Ullrich A. The discovery of receptor tyrosine
kinases: targets for cancer therapy. Nat Rev Cancer 2004, 4:361-70.

Hanahan D, Folkman J. Patterns and emerging mechanisms of the
angiogenic switch during tumourigenesis. Cell 1996; 86:353-364.

48



Hedberg Y, Davoodi E, Roos G, Ljungberg B, Landberg G. Cyclin D1
expression in renal cell carcinoma. Int J Cancer 1999, 84:268-72.

Hedberg Y, Ljungberg B, Roos G, Landberg G. Expression of cyclin D1,
D3, E and p27 in human renal cell carcinoma analysed by tissue micro
array. Br J Cancer 2003, 88:1417-1423.

Herman JG, Latif F, Weng Y, Lerman MI, Zbar B, Liu S, Samid D, Duan
DS, Gnarra JR, Linehan WM, et al: Silencing of the VHL tumour-

suppressor gene by DNA methylation in renal carcinoma. Proc Natl Acad
Sci USA 1994, 91:9700-9704.

Hillen F, Griffioen AW. Tumour vascularization: sprouting angiogenesis
and beyond. Cancer Metastasis Rev 2007, 26:489-502.

Hirota K, Semenza GL. Regulation of angiogenesis by hypoxia-inducible
factor 1. Crit Rev Oncol Hematol 2006, 59:15-26.

Hoeben A, Landuyt B, Highley MS, Wildiers H, Van Oosterom AT, and
De Bruijn EA. Vascular endothelial growth factor and angiogenesis.
Pharmacol Rev 2004, 56:549-580.

Hoskin PJ, Sibtain A, Daley FM, Wilson GD. GLUT1 and CAIX as
intrinsic markers of hypoxia in bladder cancer: relationship with

vascularity and proliferation as predictors of outcome of ARCON. Br J
Cancer 2003, 89:1290-7.

Huang LE, Arany Z, Livingston DM, Bunn FH. Activation of Hypoxia-
inducible Transcription Factor Depends primarily upon Redox-sensitive
Stabilization of Its oo Subunit. J Biol Chem 1996, 271:32253-32259.

Ivan M, Kondo K, Yang H, Kim W, Valiando J, Ohh M, Salic A, Asara
JM, Lane WS, Kaelin WG Jr. HIFa targeted for VHL-mediated

destruction by proline hydroxylation: implications for O, sensing.
Science 2001, 292:464-468 .

Jacobsen J, Rasmuson T, Grankvist K, and Ljungberg B. Vascular
endothelial growth factor as prognostic factor in renal cell carcinoma. J
Urol 2000, 163:343-347.

49



Jacobsen J, Grankvist K, Rasmuson T, Bergh A, Landberg G, Ljungberg
B. Expression of vascular endothelial growth factor protein in human
renal cell carcinoma. BJU Int 2004, 93:297-302.

Jacobsen J, Grankvist K. Rasmuson T, Ljungberg B. Different isoform
patterns for vascular endothelial growth Factor and significance of
isoforms in human renal cell between clear cell and papillary renal cell
carcinoma. BJU Int 2006, 97:1102-8.

Jaakkola P, Mole DR, Tian YM, Wilson MI, Gielbert J, Gaskell SJ,
Kriegsheim Av , Hebestreit HF, Mukherji M, Schofield CJ, Maxwell PH,
Pugh CW, Ratcliffe PJ. Targeting of HIF-alpha to the von Hippel-Lindau
ubiquitylation complex by O2-regulated prolyl hydroxylation. Science
2001, 292:468-72.

Kallio PJ, Okamoto K, O'Brien S, Carrero P, Makino Y, Tanaka H,
Poellinger L. Signal transduction in hypoxic cells: inducible nuclear
translocation and recruitment of the CBP/p300 coactivator by the
hypoxia-inducible factor-1alpha. EMBO J 1998, 17:6573-86.

Kamura T, Sato S, Iwai K, Czyzyk-Krzeska M, Conaway RC, Conaway
JW. Activation of HIFlalpha ubiquitination by a reconstituted von
Hippel-Lindau (VHL) tumour suppressor complex. Proc Natl Acad Sci
USA. 2000, 97:10430-5.

Kavolius JP, Mastorakos DP, Pavlovich C, Russo P, Burt ME, Brady
MS. Resection of metastatic renal cell carcinoma. J Clin Oncol 1998,
16:2261-6.

Ke Q, Costa M. Hypoxia-inducible factor-1 (HIF-1). Mol Pharmacol
2006, 70:1469-80.

Kempkensteffen C, Hinz S, Christoph F, Kollermann J, Krause H,
Schrader M, Schostak M, Miller K, Weikert S. Expression parameters of
the inhibitors of apoptosis cIAP1 and cIAP2 in renal cell carcinomas and
their prognostic relevance. Int J Cancer 2007, 120:1081-6.

50



Kim KJ, Li B, Winer J, Armanini M, Gillett N, Phillips HS, Ferrara N.
Inhibition of vascular endothelial growth factor-induced angiogenesis
suppresses tumour growth in vivo. Nature 1993, 362:841-4.

Kohler HH, Barth PJ, Siebel A, Gerharz EW, Bittinger A. Quantitative
assessment of vascular surface density in renal cell carcinomas. Br J Urol
1996, 77:650-4.

Kononen J, Bubendorf L, Kallioniemi A, Barlund M, Schraml P,
Leighton S, Torhorst J, Mihatsch MJ, Sauter G, Kallioniemi OP. Tissue

microarrays for high-throughput molecular profiling of tumour
specimens. Nat Med 1998, 4:844-7.

Kovacs G, Akhtar M, Beckwith BJ, Bugert P, Cooper CS, Delahunt B,
Eble JN, Fleming S, Ljungberg B, Medeiros LJ, Moch H, Reuter VE,
Ritz E, Roos G, Schmidt D, Srigley JR, Storkel S, van den Berg E, Zbar
B. The Heidelberg classification of renal cell tumours. J Pathol 1997,
183:131-3.

Krieg M, Haas R, Brauch H, Acker T, Flamme I, Plate KH. Up-
regulation of hypoxia-inducible factors HIF-lalpha and HIF-2alpha
under normoxic conditions in renal carcinoma cells by von Hippel-

Lindau tumour suppressor gene loss of function. Oncogene 2000,
19:5435-43.

Lang KJD, Kappel A, GJ Goodall. Hypoxia-inducible factor-lalpha
mRNA contains an internal ribosome entry site that allows efficient

translation during normoxia and hypoxia. Mol Biol Cell 2002, 13:1792-
801.

Latif F, Tory K, Gnarra JR, Yao M, Dub F, Orcutt ML, Stackhouse T,
Kuzmin I, Modi W, Geil L, et al. Identification of the von Hippel-Lindau
disease tumour suppressor gene. Science 1993, 260:1317-1320.

Lee L, Sudentas P, Donohue B, Asrican K, Worku A, Walker V, Sun Y,
Schmidt K, Albert MS, El-Hashemite N, Lader AS, Onda H, Zhang H,
Kwiatkowski DJ, Dabora SL. Efficacy of a rapamycin analog (CCI-779)
and IFN-gamma in tuberous sclerosis mouse models, Genes
Chromosomes Cancer 2005 42:213-227.

51



Lidgren A, Hedberg Y, Grankvist K, Rasmuson T, Vasko J, Ljungberg
B.The expression of hypoxia-inducible factor lalpha is a favorable

independent prognostic factor in renal cell carcinoma. Clin Cancer Res.
2005, 11:1129-35.

Lidgren A, Hedberg Y, Grankvist K, Rasmuson T, Bergh A, Ljungberg
B. Hypoxia-Inducible Factor low expression in renal cell carcinoma
analyzed by tissue micro array. Eur. Urol. 2006; 50:1272-7.

Lidgren A, Bergh A, Grankvist K, Rasmuson T, Ljungberg B. Glucose
Transporter 1 (GLUT 1) expression in Renal Cell Carcinoma and its
correlation to Hypoxia Inducible Factor 1o (HIF-1a). BJU Int 2007, 8.

Lidgren A, Bergh A, Grankvist K, Lindh G, Ljungberg B. Hypoxia-
Inducible Factor-loo mRNA and protein levels in Renal Cell Carcinoma
and in relation to kidney cortex tissue. Submitted 2007.

Lindblad P. Epidemiology of renal cell carcinoma. Scand J Surg 2004,
93:88-96.

Ljungberg B, Stenling R, Roos G. DNA content in renal cell carcinoma
with reference to tumour heterogeneity. Cancer 1985, 56:503-8.

Ljungberg B, Alamdari FI, Stenling R, Roos G. Prognostic significance
of the Heidelberg classification of renal cell carcinoma. Eur Urol 1999,
36:565-9.

Makino Y, Cao R, Svensson K, Bertilsson G, Asman M, Tanaka H, Cao
Y, Berkenstam A, Poellinger L. Inhibitory PAS domain protein is a

negative regulator of hypoxia-inducible gene expression. Nature 2001,
414:550-4.

Makino Y, Uenishi R, Okamoto K, Isoe T, Hosono O, Tanaka H,
Kanopka A, Poellinger L, Haneda M, Morimoto C. Transcriptional up-
regulation of inhibitory PAS domain protein gene expression by hypoxia-
inducible factor 1 (HIF-1): a negative feedback regulatory circuit in HIF-
I-mediated signaling in hypoxic cells. J Biol Chem 2007, 282:14073-82.

52



Maldazys JD and deKernion JB. Prognostic factors in metastatic renal
carcinoma. J Urol 1986, 136:376-379.

Manalo DJ, Rowan A, Lavoie T, Natarajan L, Kelly BD, Ye SQ, Garcia
JG, Semenza GL. Transcriptional regulation of vascular endothelial cell
responses to hypoxia by HIF-1. Blood. 2005, 105:659-69.

Mandriota SJ, Turner KJ, Davies DR, Murray PG, Morgan NV, Sowter
HM, Wykoff CC, Maher ER, Harris AL, Ratcliffe PJ, Maxwell PH. HIF
activation identifies early lesions in VHL kidneys: evidence for site-
specific tumour suppressor function in the nephron. Cancer Cell 2002

1:459-68.

Martel CL and Lara PN. Renal cell carcinoma: current status and future
directions. Crit Rev Oncol Hematol 2003, 45:177-190.

Mazure, NM, Brahimi-Horn, MC, Berta, M, Benizri, E, Bilton, RL,
Dayan, F, Ginouves, A, Berra, E. and Pouysségur, J. HIF-1: Master and
commander of the hypoxic world. A pharmacological approach to its
regulation by siRNA. Biochem Pharmacol 2004, 68:971-980.

Maxwell PH, Wiesener MS, Chang GW, et al. The tumour suppressor
protein VHL targets hypoxia-inducible factors for oxygen-dependent
proteolysis. Nature 1999, 399:271-275.

Maxwell PH, Pugh CW, Ratcliffe PJ. Activation of the HIF pathway in
cancer. Curr Opin Genet Dev 2001, 11:293-299.

Maynard MA, Qi H, Chung J, Lee EH, Kondo Y, Hara S, Conaway RC,
Conaway JW, Ohh M. Multiple splice variants of the human HIF-3 alpha
locus are targets of the von Hippel-Lindau E3 ubiquitin ligase complex. J
Biol Chem 2003, 278:11032-40.

McNeill LA, Hewitson KS, Gleadle JM, Horsfall LE, Oldham NJ,
Maxwell PH, Pugh CW, Ratcliffe PJ, Schofield CJ. The use of dioxygen
by HIF prolyl hydroxylase (PHD1). Bioorg Med Chem Lett 2002,
12:1547-50.

53



Moch H, Gasser T, Amin MB, Torhorst J, Sauter G, Mihatsch MJ.
Prognostic utility of the recently recommended histologic classification
and revised TNM staging system of renal cell carcinoma: a Swiss
experience with 588 tumours. Cancer 2000, 89:604-14.

Motzer RJ, Russo P. Systemic therapy for renal cell carcinoma. J Urol
2000, 163:408-17.

Motzer RJ, Hutson TE, Tomczak P, Michaeclson MD,Bukowski RM,
Rixe O, Oudard S, Kim ST, BaumCM, Figlin RA: Sunitinib versus
interferon alfa in metastatic renal-cell carcinoma. N Engl J] Med

2007, 356:115-124.

Nagase Y, Takata K, Moriyama N, Aso Y, Murakami T, Hirano H.
Immunohistochemical localization of glucose transporters in human renal
cell carcinoma. J Urol 1995, 153:798-801.

Nelson EC, Evans CP, Lara PN Jr. Renal cell carcinoma: current status
and emerging therapies. Cancer Treat Rev 2007, 33:299-313.

Nishioka T, Oda Y, Seino Y, Yamamoto T, Inagaki N, Yano H, Imura H,
Shigemoto R, Kikuchi H. Distribution of the glucose transporters in
human brain tumours. Cancer Res 1992, 52:3972-3979.

Nocito A, Bubendorf L, Tinner EM, Suess K, Wagner U, Forster T,
Kononen J, Fijan A, Bruderer J, Schmid U, Ackermann D, Maurer R,
Alund G, Knonagel H, Rist M, Anabitarte M, Hering F, Hardmeier T,
Schoenenberger AJ, Flury R, Jager P, Fehr JL, Schraml P, Moch H,
Mihatsch MJ, Gasser T, Sauter G. Microarrays of bladder cancer tissue
are highly representative of proliferation index and histological grade.
J Pathol 2001, 194:349-57.

Ohh M, Park CW, Ivan M, Hoffman MA, Kim TY, Huang LE, Pavletich
N, Chau V, Kaelin WG. Ubiquitination of hypoxia-inducible factor
requires direct binding to the beta-domain of the von Hippel-Lindau
protein. Nat Cell Biol 2000, 2:423-7.

O'Reilly MS, Holmgren L, Shing Y, Chen C, Rosenthal RA, Moses M,
Lane WS, Cao Y, Sage EH, and Folkman J. Angiostatin: a novel

54



angiogenesis inhibitor that mediates the suppression of metastases by a
Lewis lung carcinoma. Cell 1994, 79:315-328.

O'Reilly MS, Holmgren L, Chen C, and Folkman J. Angiostatin induces
and sustains dormancy of human primary tumours in mice. Nat Med
1996, 2:689-692.

O'Reilly MS, Boehm T, Shing Y, Fukai N, Vasios G, Lane WS, Flynn E,
Birkhead JR, Olsen BR, and Folkman J. Endostatin: an endogenous
inhibitor of angiogenesis and tumour growth. Cell 1997, 88:277-285.

Pandya NM, Dhalla NS, Santani DD. Angiogenesis--a new target for
future therapy. Vascul Pharmacol 2006, 44:265-74.

Pantuck AJ, Zisman A, Belldegrun AS. The changing natural history of
renal cell carcinoma. J Urol. 2001, 166:1611-23.

Pantuck AJ, Zeng G, Belldegrun AS, Figlin RA. Pathobiology,
prognosis, and targeted therapy for renal cell carcinoma: exploiting the
hypoxia-induced pathway. Clin Cancer Res 2003, 9:4641-4652.

Parkin DM, Bray F, Ferlay J, Pisani P. Estimating the world cancer
burden: Globocan 2000. Int J Cancer 2001, 94:153-6.

Pertia A, Nikoleishvili D, Trsintsadze O, Gogokhia N, Managadze L,
Chkhotua A. Loss of p27(Kipl) CDKI is a predictor of poor recurrence-

free and cancer-specific survival in patients with renal cancer. Int Urol
Nephrol 2007, 39:381-7.

Pischon T, Lahmann PH, Boeing H, Tjenneland A, Halkjaer J, Overvad
K, Klipstein-Grobusch K, Linseisen J, Becker N, Trichopoulou A,
Benetou V, Trichopoulos D, Sieri S, Palli D, Tumino R, Vineis P, Panico
S, Monninkhof E, Peeters PH, Bueno-de-Mesquita HB, Biichner FL,
Ljungberg B, Hallmans G, Berglund G, Gonzalez CA, Dorronsoro M,
Gurrea AB, Navarro C, Martinez C, Quir6és JR, Roddam A, Allen N,
Bingham S, Khaw KT, Kaaks R, Norat T, Slimani N, Riboli E. Body size
and risk of renal cell carcinoma in the European Prospective
Investigation into Cancer and Nutrition (EPIC). Int J Cancer 2006,
118:728-738.

55



Powell JD, Elshtein R, Forest DJ, Palladino MA. Stimulation of hypoxia-
inducible factor-1 alpha (HIF-1a) protein in the adult rat testis following

ischemic injury occurs without an increase in HIF-1a messenger RNA
expression. Biol Reprod 2002, 67:995-1002.

Rasmuson T, Grankvist K, Jacobsen J, Ljungberg B. Impact of serum

basic fibroblast growth factor on prognosis in human renal cell
carcinoma. Eur J Cancer 2001 37:2199-203.

Raval RR, Lau KW, Tran MG, Sowter HM, Mandriota SJ, Li JL, Pugh
CW, Maxwell PH, Harris AL, Ratcliffe PJ. Contrasting properties of
hypoxia-inducible factor 1 (HIF-1) and HIF-2 in von Hippel-Lindau-
associated renal cell carcinoma. Mol Cell Biol 2005, 25:5675-86.

Ribatti D, Nico B, Crivellato E, Roccaro AM, Vacca A. The history of
the angiogenic switch concept. Leukemia 2007, 21:44-52.

Ribatti D, Conconi MT, Nussdorfer GG. Nonclassic endogenous
regulators of angiogenesis. Pharmacol Rev 2007, 59:185-205.

Risau W. Mechanisms of angiogenesis. Nature 1997, 386:671-4.

Robson CJ, Churchill BM and Anderson W, The results of radical
nephrectomy for renal cell carcinoma. J Urol 1969, 101:297-301.

Rosenberg SA, Yang JC, Topalian SL, Schwartzentruber DJ, Weber JS,
Parkinson DR, Seipp CA, Einhorn JH, White DE.Treatment of 283

consecutive patients with metastatic melanoma or renal cell cancer using
high-dose bolus interleukin 2. JAMA 1994, 271:907-913.

Sandlund J, Hedberg Y, Bergh A, Grankvist K, Ljungberg B, Rasmuson
T. Endoglin (CD105) expression in human renal cell carcinoma. BJU Int
2006, 97:706-10.

Sandlund J, Oosterwijk E, Grankvist K, Oosterwijk-Wakka J, Ljungberg

B, Rasmuson T. Prognostic impact of carbonic anhydrase IX expression
in human renal cell carcinoma. BJU Int 2007, 100:556-60.

56



Schindl M, Schoppmann SF, Samonigg H, et al. Overexpression of
hypoxia-inducible factor 1a is associated with an unfavourable prognosis
in lymph node-positive breast cancer. Clin Cancer Res 2002, 8:1831-
1837.

Semenza GL. HIF-1 and mechanisms of hypoxia sensing. Curr Opin Cell
Biol 2001, 13:167-71.

Skinner DG, Colvin RB, Vermillion CD, Pfister RC and Leadbetter WF,
Diagnosis and management of renal cell carcinoma. A clinical and
pathological study of 309 cases. Cancer 1971, 28:1165.

Sobin LH, Fleming ID. TNM Classification of Malignant Tumours, fifth
edition (1997). Union Internationale Contre le Cancer and the American
Joint Committee on Cancer, Cancer 1997, 80:1803-4.

Sobin LH, Wittekind CH. Eds: International Union Against Cancer
(UICC). TNM classification of malignant tumours. 6th ed. New York:
2002, 193-195.

Suppiah R, Shaheen PE, Elson P, Misbah SA, Wood L, Motzer RJ,
Negrier S, Andresen SW, Bukowski RM. Thrombocytosis as a
prognostic factor for survival in patients with metastatic renal cell
carcinoma. Cancer 2006, 107:1793-800.

Talks KL, Turley H, Gatter KC, Maxwell PH, Pugh CW, Ratcliffe PJ,
Harris AL. The expression and distribution of the hypoxia-inducible
factors HIF-lalpha and HIF-2alpha in normal human tissues, cancers,
and tumour-associated macrophages. Am J Pathol 2000, 157:411-21.

Tanimoto K, Makino Y, Pereira T, Poellinger L. Mechanism of
regulation of the hypoxia-inducible factor-1 alpha by the von Hippel-
Lindau tumour suppressor protein. EMBO J 2000, 19:4298-309.

Tawfik OW, Kramer B, Shideler B, Danley M, Kimler BF, Holzbeierlein
J. Prognostic significance of CD44, platelet-derived growth factor

receptor alpha, and cyclooxygenase 2 expression in renal cell carcinoma.
Arch Pathol Lab Med 2007, 131:261-7.

57



Thomas GV, Tran C, Mellinghoff IK, Welsbie DS, Chan E, Fueger B,
Czernin J, Sawyers CL. Hypoxia-inducible factor determines sensitivity
to inhibitors of mTOR in kidney cancer. Nat Med 2006, 12:122-7.

Thomlinson RH, Gray LH. The histological structure of some human

lung cancers and the possible implications for radiotherapy. Br J Cancer
1955, 9:539-49.

van den Beucken T, Koritzinsky M, Wouters BG. Translational control
of gene expression during hypoxia. Cancer Biol Ther 2006, 5:749-55.

Torhorst J, Bucher C, Kononen J, Haas P, Zuber M, Kochli OR, Mross F,
Dieterich H, Moch H, Mihatsch M, Kallioniemi OP, Sauter G. Tissue

microarrays for rapid linking of molecular changes to clinical endpoints.
Am J Pathol 2001 159:2249-56.

Turner KJ, Moore JW, Jones A, Taylor CF, Cuthbert-Heavens D, Han C,
Leek RD, Gatter KC, Maxwell PH, Ratcliffe PJ, Cranston D, Harris AL.
Expression of hypoxia-inducible factors in human renal cancer:

relationship to angiogenesis and to the von Hippel-Lindau gene mutation.
Cancer Res 2002, 62:2957-61.

Wang GL, Semenza GL, Characterization of hypoxia-inducible factor 1
and regulation of DNA binding activity by hypoxia. J Biol Chem 1993,
268:21513-21518.

Wang GL, Jiang B, Semenza GL. Effect of protein kinase and
phosphatase inhibitors on expression of hypoxia-inducible factor 1.
Biochem Biophys Res Comm 1995, 216:669-75.

Wang GL, Semenza GL, Purification and characterization of hypoxia-
inducible factor 1. J Biol Chem 1995, 270:1230-1237.

Wang GL, Jiang BH, Rue EA, Semenza GL. Hypoxia-inducible factor 1

is a basic-helix-loop-helix-PAS heterodimer regulated by cellular O2
tension. Proc Natl Acad Sci U S A. 1995, 92:5510-4.

58



Wang BY, Kalir T, Sabo E, Sherman DE, Cohen C, Burstein DE.
Immunohistochemical staining of GLUTI1 in benign, hyperplastic, and
malignant endometrial epithelia. Cancer 2000, 88:2774-2781.

Weiss RH, Borowsky AD, Seligson D, Lin PY, Dillard-Telm L,
Belldegrun AS, Figlin RA, Pantuck AD. p21 is a prognostic marker for
renal cell carcinoma: implications for novel therapeutic approaches. J
Urol 2007, 177:63-8.

Wiesener MS, Turley H, Allen WE, Willam C, Eckardt KU, Talks KL,
Wood SM, Gatter KC, Harris AL, Pugh CW, Ratcliffe PJ, Maxwell PH.
Induction of endothelial PAS domain protein-1 by hypoxia:
characterization and comparison with hypoxia-inducible factor-1a. Blood
1998, 92:2260-2268.

Wiesener MS, Miinchenhagen PM, Berger I, Morgan NV, Roigas J,
Schwiertz A, Jirgensen JS, Gruber G, Maxwell PH, Loning SA, Frei U,
Maher ER, Grone HJ, Eckardt KU. Constitutive activation of hypoxia-
inducible genes related to overexpression of hypoxia-inducible factor-1a
in clear cell renal carcinoma. Cancer 2001, 61:5215-22.

Yagasaki H, Kawata N, Takimoto Y, Nemoto N. Histopathological
analysis of angiogenic factors in renal cell carcinoma. Int J Urol 2003,
10:220-7.

Yamamoto T, Seino Y, Fukumoto H, Koh G, Yano H, Inagaki N,
Yamada Y, Inoue K, Manabe T, Imura H. Over-expression of facilitative
glucose transporter genes in human cancer. Biochem Biophys Res
Commun 1990, 170:223-230.

Yang JC, Haworth L, Sherry RM, Hwu P, Schwartzentruber DJ, Topalian
SL, Steinberg SM, Chen HX, Rosenberg SA. A randomized trial of
bevacizumab, an anti-vascular endothelial growth factor antibody, for
metastatic renal cancer. N Engl ] Med 2003, 349:427-34.

Zagzag D, Krishnamachary B, Yee H, Okuyama H, Chiriboga L, Ali

MA, Melamed J, Semenza GL. Stromal cell-derived factor-lalpha and
CXCR4 expression in hemangioblastoma and clear cell-renal cell

59



carcinoma: von Hippel-Lindau loss-of-function induces expression of a
ligand and its receptor. Cancer Res 2005, 65:6178-88.

Zhong H, De Marzo AM, Laughner E, Lim M, Hilton DA, Zagzag D,
Buechler P, Isaacs WB, Semenza GL, Simons JW. Overexpression of
hypoxia-inducible factor 1 alpha in common human cancers and their
metastases. Cancer Res 1999, 59:5830-5.

60






UMEA UNIVERSITY MEDICAL DISSERTATIONS
New Series No. 1141 ISSN 0346-6612 ISBN 978-91-7264-452-6

Edited by the Dean of Faculty of Medicine

“I'M OUTNUMBERED.
OUTGUNNED.

BUT THE ALLEY IS CROOKED.
DARK. AND VERY, VERY NARROW.

FUNNELED INTO IT, THEY GET IN
EACH OTHER'S WAY. THEY CANT
SURROUND ME. THEIR NUMBERS
DONT COUNT FOR SO MUCH.

SOMETIMES YOU CAN BEAT THE
ODDS - WITH A CAREFUL CHOICE
OF WHERE TO FIGHT."

—Frank Miller

w1Ve
N

N
b aeaeaa
ﬁ,

Departments of Surgical and Perioperative Sciences, Urology and Andrology; Radiation Sciences, Oncology;
Medical Biosciences, Pathology; and Medical Biosciences, Clinical Chemistry, Umea University, Umed, Sweden

www.umu.Se





