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Abstract

Background. Hypoxia-inducible factor (HIF)-2a is upregulated in hypoxia or by inactivation of the von Hippel-Lindau
(VHL) tumour suppressor gene. In a number of malignancies, increased HIF-2a expression may indicate worse prognosis.
The aim of this study was to evaluate the prognostic information of HIF-2ao mRNA expression in renal cell carcinoma
(RCQC). Material and methods. HIF-2oo mRNA was quantified by real time polymerase chain reaction (rt-PCR) in tumour
tissue samples from 202 patients. Samples from 50 corresponding kidney cortex tissue were analysed as controls. mRNA
levels were evaluated in relation to tumour cell type, TNM stage, nuclear grade and disease specific survival. Results. The
levels of HIF-2ao mRNA were significantly higher in 168 clear cell (c)RCC than in 23 papillary (p)RCC (p <0.001) or 11
chromophobe (ch)RCC (p <0.006). Among cRCC there was an inverse correlation between HIF-2a mRNA levels and
TNM stage I and II-IV tumours (p =0.01), and nuclear grade (p =0.006). After a median follow-up time of 99 months
(range 34-247), 106 patients had died of RCC. No correlation of HIF-2oo mRNA to survival was observed. A multivariate
analysis of prognostic factors in cRCC showed that TNM stage alone was an independent predictor of prognosis; HIF-2a
mRNA levels did not add further prognostic information. Discussion. The results demonstrated that HIF-2a mRNA levels
were higher in cRCC compared to pRCC and chRCC. Furthermore, HIF-20 mRNA levels were inversely related to TNM

stage and nuclear grade in cRCC.

Tumour cells must be able to rapidly respond to
sudden changes in oxygen levels in order to survive
in a hypoxic environment. A number of systemic and
cellular responses have been developed to enable
organisms to respond to hypoxia, including glyco-
lysis, angiogenesis, vasodilation, and erythropoesis
[1]. Micro-environmental hypoxia in tumours
induces via hypoxia-inducible factor (HIF) an upre-
gulation of genes associated with angiogenesis,
glycolysis, pH adaptation, erythropoesis, glucose
transport, and apoptosis [2,3]. Interference with
this pathway has been proposed as a potential cancer
therapy.

HIF is a basic helix-loop-helix heterodimeric
transcription factor consisting of a constitutively
expressed B subunit and one of three oxygen-
sensitive o subunits (HIF-1a, HIF-20 [EPAS1] or
HIF-3a) [3-5]. The HIF-a subunits are regulated in

similar ways by activation of the phosphatidylinositol
3-kinase (PI3K) and mTOR, or by the extracellular
signal-regulated kinase (ERK) [2], but occasionally
have different biological functions [3,5]. The HIF-a
subunits are normally unstable in the presence of
oxygen, but are stabilized in hypoxia. It has been
suggested that HIF-2a over-expression is important
in the development of renal cell carcinoma (RCC),
and that it may act as an oncogene [6,7]. HIF-2a has
been reported to be expressed in cRCC, but absent
or present in low levels, in other RCC types and in
normal kidney cortex [8]. High HIF-1a levels are
associated with decreased mortality among patients
with cRCC [9]. In other malignancies, like cancer of
the head and neck region, high HIF-2a expression
may be related to poor outcome [10].

In cancer, the HIF system is activated by micro-
environmental hypoxia and by other pathways.
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Activation of the HIF pathway is observed in
tumours associated with inactivation of the von
Hippel-Lindau (VHL) tumour suppressor gene
[2,3]. VHL mutations are associated with sporadic
cRCC in 50-70% of the patients [11]. VHL-defec-
tive RCC cells seem to show a bias toward HIF-2«a
rather than HIF-1a expression [12,13]. Presence of
VHL-mutation, as well as loss of pVHL expression
among patients with cRCC and early-stage disease, is
associated with improved survival compared with
patients without this defect [14,15].

The aim of this study was to evaluate the role of
HIF-2a0 mRNA and its potential prognostic infor-
mation in RCC.

Material and methods
Patients

This retrospective study included 202 patients (117
men, 85 women) with histopathologically verified
RCC, admitted to and nephrectomised at the De-
partment of Urology, Umeéd University Hospital,
Sweden, between 1985 and 2003 (Table I). Patient
median age was 67 (range, 34-85) years. The patients
underwent a physical examination, chest radiogra-
phy, and computer tomography (CT) of the abdo-
men. When vena cava tumour thrombus invasion
was suspected, cavography or magnetic resonance
imaging (MRI) was performed. Patients with skele-
tal-associated pain or elevated serum alkaline phos-
phatase were assessed with bone scintigraphy. The
patients were followed-up according to a program
including regular clinical and radiological examina-
tions. The median follow-up time was 99 (range,
34-247) months. Only a few patients with residual

Table I. Clinical characteristics of the patients with RCC.

cRCC pRCC chRCC Total

Tumour type [16] No. No. No. No.
Total 168 23 11 202
Male 97 16 4 117
Female 71 7 7 85
TNM stage [17]

I-1I 76 13 5 94

I 37 5 4 46

v 55 5 2 62
Nuclear grade [18]

1-2 41 12 2 55

3 90 9 8 107

4 37 2 1 40
Survival

Died from RCC 92 11 3 106

Died from other 29 7 4 40

diseases

Alive 47 5 4 56

disease after nephrectomy or recurrent disease were
treated with tamoxifen or interferon. At the end of
follow-up, 106 patients had died of RCC, 40 of other
diseases and 56 were alive. The cause of death was
based on death certificates and patient charts.

All tumour samples were obtained with permission
from the patients and during the later years with
informed and signed consent. The study was ap-
proved by the ethics committee of Umed University.

Tumour cell type, stage, grade, size

The RCC types were assessed according to the
Heidelberg classification system [16]. The patients
presented with clear cell (n =168), papillary (n =23),
or chromophobe (n=11) RCC. From 50 patients
(39 cRCC, 8 pRCC and 3 chRCC) biopsies from
corresponding kidney cortex were taken as a control.
Tumour staging was performed according to the
TNM classification system 2002 [17], and nuclear
grading according to Fuhrman et al. [18]. Tumour
size was measured at the maximum diameter on the
surgical specimen or by CT. The median tumour
diameter was 8.1 (range, 2.0-17.0) cm.

Tissue samples

Tumour and kidney cortex tissue samples were
obtained from surgical specimen and immediately
frozen in liquid nitrogen and stored at —80°C until
analysis.

RNA and cDNA preparation

Total RNA was isolated from the frozen specimens
using the TRIzol method (Invitrogen, Stockholm,
Sweden) and was quantified spectrophotometrically
at 260 nm (Lamda 2 UV/VIS, Perkin Elmer, Stock-
holm, Sweden). Electrophoresis was then run and
RNA quality was verified by ethidium bromide
staining of 18S and 28S rRNA, and/or with the
Agilent 2100 Bioanalyzer (Agilent Technologies,
Germany) on selected samples. Complementary
(c)DNA was made from 250 ng total RNA (all
samples in duplicates) by Superscript II reverse
transcriptase (Invitrogen, Stockholm, Sweden) in
20 pL reaction volume according to the manufac-
turer’s instructions by PCR.

Quantification of HIF-20 mRNA

Quantification of HIF-2a0 mRNA was done by real
time PCR using LightCycler FastStart DNA Master
SYBR Green I technology (Roche Applied Science)
and a LightCycler instrument (Roche). PCR was
performed in 20 pL reaction volume, containing
cDNA corresponding to 25 ng RNA, 3 mM MgCl,,
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2 WL DNA Master SYBR Green I, and 0.5 uM of each
primer (Hif-2a Left: 5-TTG ATG TGG AAA CGG
ATG AA-3’" Right: 5-GGA ACC TGC TCT TGC
TGT TC-3"). The PCR reaction was initiated with a
10-min activation step at 95°C, followed by 45 cycles
0f 95°C denaturation for 15 s, 62°C primer annealing
for 10 s, and 72°C extension for 10 s. A melting curve
at 98°C for PCR product identification was done.
Negative controls were run to confirm that the
samples were not cross contaminated. The relative
mRNA values of HIF-2«a in the samples were calcu-
lated from a standard curve of five-fold serial dilution
of reversed transcribed total RNA from a reference
sample and one control. The target values are
presented as relative values in comparison to the
reference sample.

Statistical methods

Statistical analysis was performed using Mann-
Whitney U and Kruskal-Wallis tests. Computer soft
ware SPSS version 13.0 was used. Correlations
between variables were tested according to the
Spearman correlation test. Survival was assessed
and illustrated using the Kaplan-Meier method,
and survival time was compared using the log-rank
test. Multivariate regression analysis was performed
by the Cox proportional-hazards model. P-values
of <0.05 were considered statistically significant.

Results
HIF-20 mRNA expression

HIF-200 mRNA was present in all tissue samples
analysed. mRNA levels in pRCC, but not in cRCC

or chRCC tumours, was lower than in the corre-
sponding kidney cortex tissue (p =0.016, Table II).
No difference in HIF-2o0 mRNA levels between
kidney cortex tissues sampled from different tumour
cell types was observed. The cRCC tumours showed
higher HIF-20 mRNA levels compared to pRCC
(p <0.001) or chRCC (p =0.006), while there was
no significant difference between pRCC and chRCC
(Table III). No correlation of HIF-2o0 mRNA levels
to age, gender or storage time was observed.

Clinical parameters

When cRCC were subdivided according to TNM
stage, tumours with TNM stage I had significantly
higher HIF-200 mRNA levels than stage II-IV
tumours, as shown in Figure 1 (p=0.01, Mann-
Whitney test). In analogy with the observed correla-
tion to TNM stage, there was a weak inverse
correlation between HIF-2o0 mRNA levels and tu-
mour size among patients with cRCC (r = —0.252;
p =0.001, Spearman correlation). This was not
observed for the limited number of pPRCC or chRCC.
Furthermore, an inverse correlation between HIF-2a
mRNA levels and nuclear grade in cRCC was
observed (p =0.006, Kruskal-Wallis test). Tumours
with high HIF-2a mRNA levels had lower nuclear
grades (Figure 2). For pPRCC and chRCC no relation
between HIF-200 mRNA expression and nuclear
grade was found.

Survival

To evaluate survival, patients were divided into two
groups at the median HIF-2a mRNA (in cRCC:

Table II. Relative HIF-20o mRNA levels in kidney cortex and tumour tissue from corresponding kidney in different renal cell carcinoma

types.
HIF-20 mRNA (Relative levels)
Tumour type No. mean +SD Median Min-max p-value
cRCC
kidney cortex 39 32.9+19.9 28.9 7.597.5 0.55
tumour 39 44.6 +41.2 31.3 0.21-175
pRCC
kidney cortex 8 24.74+10.3 21.2a* 16.0-44.4 0.016*
tumour 8 11.449.4 6.9 3.8-31.2
chRCC
kidney cortex 3 26.4+11.7 20.7 18.6-39.8 0.83
tumour 3 26.2+22.2 25.5 4.4-48.8
All
Kidney cortex 50 31.24+18.4 24.8 7.5-97.5 0.71
Tumours 50 38.2+38.8 25.6 0.2-175

*Mann-Whitney U test.
a) Kidney cortex vs tumour pRCC.
SD standard deviation.
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Table III. Relative HIF-20o mRNA levels comparing levels in tumour tissue from different renal cell carcinoma types.

HIF-200 mRNA (Relative levels)

Tumour type No. mean +SD Median Min-max p-value
cRCC 168 41.94+40.1 29.1 0.05-261 <0.001
pRCC 23 11.34+9.0 9.1a* 1-37.5 0.006
chRCC 11 16.5+13.1 13.6b* 4.3-48.8 0.27
All 202 37.0+38.4 25.7 0.05-261

*Mann-Whitney U test.

a) Tumour cRCC vs tumour pRCC p <0.001.
b) Tumour cRCC vs tumour chRCC p =0.006.
SD standard deviation.

HIF-24"* <29.10 relative levels, HIF-2o"*" >
29.10 relative levels). No correlation between dis-
ease-specific survival and HIF-2a0 mRNA levels in
any RCC type was seen. Median (range) survival
time was 38 (0-247), 51 (3-236), and 70 (2-179)
months for cRCC, pRCC, and chRCC, respectively.

Mulrivariate analysis

To analyse the prognostic information of HIF-2a
mRNA in cRCC, a multivariate analysis using Cox
proportional hazard model was performed. Age,
gender, TNM stage, nuclear grade, HIF-2a0 mRNA
levels and tumour specific survival were evaluated.
After the final step analysis, as shown in Table IV,
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Figure 1. Box-and-whisker plot of relative HIF-2oo mRNA levels
in relation to TNM stage in 168 cRCC, 23 pRCC, and 11 chRCC
(cRCC: TNM I =46, TNM II =30, TNM III =37, TNM IV =
55; pPRCC: TNM I=7, TNM II =6, TNM IIIl =5, TNM IV =5;
chRCC: TNM I=1, TNM II =4, TNM III =4, TNM IV =2).
Comparison of Hif-2oo mRNA in TNM stage I versus TNM stage
II-IV in cRCC (p=0.01, Mann-Whitney test). Circles and
asterisks represent outlying values, >1.5 and >3 box-lengths
from the 75 percentile, respectively.

only TNM stage presented as an independent
prognostic factor. HIF-2ao mRNA levels added no
prognostic information.

Discussion

In cancer, micro-environmental hypoxia is the main
regulator of the HIF complex program of gene
transcription. In the presence of hypoxia or VHL
mutation, HIF-a stabilizes and accumulates, forms a
heterodimer with HIF-B, and binds to hypoxic
response elements [2,3]. HIF-2a expression is
related to tumour progression in head and neck,
and kidney cancer [6-8,10].

In this study, we showed that HIF-2o0 mRNA was
present in all tumours and kidney cortex tissue
assessed, and that the levels were higher in cRCC
than in pRCC and chRCC, which is in line with
observations on mRNA and protein expression
[8,13]. Earlier reports show that HIF-2a was present
in cRCC while being absent, or seen in low levels, in
other RCC types or in kidney cortex. Still, both
cRCC and chRCC expressed HIF-2a0 mRNA levels
in kidney cortex that were not different from those
assessed in corresponding tumour tissue. Despite
the fact that kidney cortex from the tumour-bearing
kidney may look histologically normal, this tissue
could be fenotypically abnormal or exhibit altered
gene expression profiles because of the proximity to
the tumour [19,20], a fact that could explain the
discrepancy between different studies.

We observed an inverse correlation between HIF-
20 mRNA levels and TNM stage, nuclear grade, and
tumour size among patients with cRCC. Over-
expression of HIF-2a has been reported to promote
growth of RCC cells [6,7]. Small interfering RNA-
mediated down-regulation of HIF-2q itself sup-
presses tumour formation by VHL-defective RCC
cells [21,22].

Both hereditary and sporadic cRCC are com-
monly associated with VHL mutation which is found
in 50-70% of sporadic cRCC [11]. HIF-2¢ protein is
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Figure 2. Box-and-whisker plot of relative HIF-200 mRNA levels
in relation to nuclear grade (ING) in 168 cRCC, 23 pRCC, and 11
chRCC (cRCC: NGI1 =8, NG2 =33, NG3 =90, NG4 =37;
pRCC: NGI1=4, NG2=8, NG3=9, NG4=2; chRCC:
NG1 =0, NG2=2, NG3=8, NG4=1). Trend for HIF-2a
mRNA and nuclear grade 1-4 in cRCC (p =0.006, Kruskal-
Wallis test). Circles and asterisks represent outlying values.

up-regulated by hypoxia or VHL mutation, indepen-
dently of each other [13]. These findings suggest that
VHL-associated RCC up-regulate HIF. However,
other investigators have found that over-expression
of a mutated HIF-1a gene does not block the tumour
suppressor action of VHL in RCC cells [6], raising
the possibility that despite their similarities, and
common up-regulation in many types of cancer,
HIF-1o and HIF-2o may have non-equivalent effects
in the pathogenesis of VHL-associated RCC. Raval
et al. demonstrated a suppressive interaction be-
tween HIF-1o and HIF-2q, as well as an inhibiting
effect of HIF-1a on tumour growth [23]. HIF-2q,
but not HIF-1lo, regulates a constitutive VEGF
expression in VHL-defective RCC cells, and the

expression of a number of HIF targets is primarily
driven by HIF-2a [24].

Our results are in line with previous studies on
RCC vascularity and hypoxia. Patients with cRCC
with high immunohistochemical protein expression
of CA IX had a more favourable prognosis, and
microvascular density, assessed with endoglin or
CD31, was inversely correlated to TNM stage and
nuclear grade [25-27]. The generally higher HIF-
20, CA IX, endoglin and CD31 expression in less
aggressive CRCC could reflect the fact that other
pathways apart from the HIF pathway might be
activated in these tumours. It has been reported that
presence of VHL-mutation as well as loss of pVHL
expression among patients with cRCC and early-
stage disease are associated with improved survival
compared with patients without this defect [14,15].

The real-time PCR technique allows quantifica-
tion of small amounts of mRNA. Before real-time
PCR is done, mRNA is copied to cDNA. It has been
shown that the reverse transcriptase step contributes
with most of the variation when quantifying mRNA
[28]. High accuracy is therefore needed in this part
of the experiment, as well as during the processes of
storing and handling of samples, especially the
selection of samples from tumour and kidney cortex
tissue is critical. Since SYBR green does not
distinguish between one DNA and another, an
important quality control is the melting curve. It
visualizes that all samples have a similar melting
temperature, i.e. that there is no contamination,
mispriming, or primer-dimer artefacts.

This study was limited to the assessment of HIF-
20 mRNA expression, and in cRCC tumours with
low TNM stage and nuclear grade have the highest
expression. From these results it could be hypothe-
sized that patients with well differentiated cRCC
would be those that could benefit most from
targeted therapy. Further studies should aim at
investigating HIF-2a protein levels.

In summary, we demonstrated that HIF-2a
mRNA levels were higher in cRCC compared to

Table IV. Multivariate analysis of prognostic factors in 168 patients with clear cell renal cell carcinoma.

Factor Relative risk 95% Confidence Interval Lower—upper p-value
Age <67 years 1.00

>67 years 0.79 0.52-1.12 0.265
Gender male 1.00

female 1.50 0.98-2.30 0.065
Stage -1 1.0

1II-1v 8.90 5.00-15.87 <0.001
Grade 12 1.0

3-4 1.47 0.83-2.58 0.188
HIF-2a >29.1U 1.0
mRNA <29.1U 1.32 0.87-2.01 0.191
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other RCC types. Furthermore, in cRCC the HIF-
200 mRNA levels were inversely related to TNM
stage and nuclear grade. Despite these findings,
HIF-200 mRNA levels did not affect survival. Eva-
luation of molecular markers such as HIF-2a might
be important for reaching more precise prediction of
individual tumour behaviour, and cancer treatment.
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