
Abstract. The search of inherited cancer susceptibility factors
is an important subject in cancer epidemiology. Analyses
of single nucleotide polymorphisms (SNP) in various genes
revealed a correlation between the presence of specific allelic
variants and cancer predisposition in diverse malignancies.
STK15 is an important protein in control of the integrity of the
mitotic spindle apparatus and genomic stability. We analysed
the distribution of the functionally important T91A SNP in
the STK15 gene in a cohort of renal cell carcinoma (RCC)
patients and compared it to the distribution in a control group
without malignancies. DNA from formalin-fixed, paraffin-
embedded healthy renal tissue (RCC patients) or peripheral
blood samples (control group) was isolated according to
standard protocols. Allelic variant of STK15 nucleotide 91 was
determined using restriction fragment length polymorphism
(RFLP) analysis. Overall, 156 RCC patients and 158 patients
without any malignancy were analysed. The distribution of the
STK15 SNP in RCC patients (T/T, 58.97%; A/T, 36.53%; A/A,
4.49%) did not significantly differ from that of the control
group (T/T, 51.27%; A/T, 41.14%; A/A, 7.59%). There was
also no correlation between genotype and tumour grade or
stage or other histopathological characteristics of the tumours.
This first analysis of the STK15 T91A SNP in RCC patients
revealed no correlation between a certain allelic variant and
an increased risk for RCC.

Introduction

The yearly incidence of renal cell carcinoma (RCC) in Europe
is 42,000, about 30% of them are already metastasized at that
time, while in additional 30-40% of cases metastases are pre-
determined to form. The only curative therapy at present is
tumour nephrectomy. Current adjuvant therapies based on

cytokines like interleukin-2 and/or interferon-· are applied
only to metastatic diseases due to severe side-effects, but only
a minority of cases responds (1,2). Therefore, about 60%
(25,000) of patients die from an aggressive course of disease
(3).

Among renal cancers, there are a number of inherited
cancer syndromes, i.e., von Hippel-Lindau disease, hereditary
papillary renal cancer, hereditary leiomyomatosis and
RCC, Birt-Hogg-Dubé syndrome, Tuberous sclerosis and
constitutional chromosome 3 translocation. In most instances
certain oncogenes or tumour suppressor genes are known to
be affected and the respective germ line mutations were
identified (4). In contrast, in sporadic RCC distinct chromo-
somal aberrations were detected, e.g., combined gains and
losses of various chromosomal regions.

The association of sporadic RCC with characteristic
chromosomal aberrations is well established (5-11), but the
underlying mechanisms are still unknown. The losses and gains
of specific chromosomal regions suggest a mechanism of
erroneous chromosomal segregation. In this process, Aurora
kinases were shown to play a fundamental role and all of them
could be linked to oncogenesis and cancer progression (12).
STK15, also known as Aurora A, Aurora 2 or BTAK, is up-
regulated at the onset of mitosis (13). It is mainly involved in
centrosome maturation and spindle assembly, and recently was
identified as cancer susceptibility gene (14,15). An over-
expression linked to chromosomal instability and clinically
aggressive disease was found in various malignancies including
bladder cancer, hepatocellular carcinoma and esophageal
squamous cell carcinoma (12,16-19). Compared to adjacent
renal tissue, strong expression of STK15 was also shown in
sporadic RCC (20).

A certain type of sequence variation, namely a single base
substitution within the sequence of a gene or a promoter is
called single nucleotide polymorphism (SNP). In most cases,
these alterations are silent, i.e., do not affect protein function
or expression. However, these base substitutions can also affect
promoter sequences, resulting in altered protein expression.
Moreover, base substitution within a gene may lead to re-
placement of a functionally important amino acid, resulting in
altered secondary structure and therefore modified properties.
Those proteins might act in a different way. Examination of
various SNPs has lead to the identification of numerous cancer
susceptibility genes modifying the personal risk of cancer
disease (21).
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The only functional polymorphism known in STK15 to date
is caused by single nucleotide substitution at gene sequence
position 91 (T➝A) and leads to replacement of Phe by Ile
in amino acid sequence position 31 (22). In several studies
investigating breast or ovarian cancer, an association of this
polymorphism to cancer risk could be demonstrated (23,24).
To our best knowledge, there is currently no study regarding
the role of this STK15 polymorphism in sporadic RCC.

Therefore we analysed the distribution of this SNP in
sporadic RCC patients and a healthy control group to
investigate a possible association with RCC risk.

Materials and methods

Samples. One hundred and fifty-six formalin-fixed and paraffin-
embedded tissue samples from RCC patients obtained by
tumour nephrectomy archived at the Institute of Pathology,
University of Regensburg (Germany) and the Institute of
Pathology University of Vermont, Burlington (VT, USA) were
investigated and compared to 158 samples from a control
group consisting of patients without any malignancies acquired
at the Department of Urology, St. Josef Hospital, University
of Regensburg. The cases and controls were similar in regard
to sex and age distribution. Histological parameters of the
corresponding tumours of RCC patients are shown in Table I.
All tumours were diagnosed according to the 2004 WHO
classification of renal cell carcinoma (4) and staged according
to the TNM system (25,26). Prior IRB approval was obtained
through the participating institutions.

Tissue microdissection and DNA isolation. DNA was extracted
from manually microdissected normal renal tissue (cases) and
peripheral blood (controls) by the ‘PCR Template Purification
Kit’ (Roche Diagnostics, Mannheim, Germany) according to
the manufacturer's instructions. 

STK15 SNP analysis. SNP analysis was carried out by
restriction fragment length polymorphism (RFLP) analysis of
exon 3, which contains an ApoI restriction site (5'-RAATTY-3',
R, purine base; Y, pyrimidine base) in case of the base adenine
(italic) being located at position 91. Results were confirmed
by sequence analysis to ensure correct interpretation especially
of heterozygous samples.

PCR. SNP region was amplified by PCR using the primers
obtained from Proligo (Paris, France) shown in Table II in a
total volume of 25 μl containing approximately 100 ng DNA,
0.2 mM dNTP (Roche Diagnostics), 0.18 μM primers and
0.0025 U/μl GoTaq (Promega, Mannheim, Germany). The
thermal cycling conditions were as follows: initial denaturation
for 2 min at 95˚C, 35 cycles of denaturation at 95˚C, annealing
at 50˚C for 1 min, elongation at 72˚C for 1 min and final primer
extension at 72˚C for 10 min.

PCR products were incubated overnight with 5 U ApoI
(New England Biolabs, Frankfurt/Main, Germany) and
100 μg/ml BSA at 37˚C in a total volume of 30 μl to ensure
complete digestion. Restriction fragments were separated by
agarose gel electrophoresis (2.5%, TBE) for 60 min at 110 V.
Visualization of bands was performed by ethidium bromide
staining using UV-light. According to the experimental design,
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Table I. Histopathological features of the tumours. 
–––––––––––––––––––––––––––––––––––––––––––––––––
Tumour type No.
–––––––––––––––––––––––––––––––––––––––––––––––––
Clear cell 101

Papillary 30

Chromophobe 13

Oncocytoma 4

Spindle cell 2

Undifferentiated 3

Unclear 2

Ductus bellini 1

Eosinophil 2

Sarcomatoid 2

–––––––––––––––––––––––––––––––––––––––––––––––––
Stage No.
–––––––––––––––––––––––––––––––––––––––––––––––––
Stage 1 87

Stage 2 12

Stage 3 26

Stage 4 14

Unknown stage 13

–––––––––––––––––––––––––––––––––––––––––––––––––
pT No.
–––––––––––––––––––––––––––––––––––––––––––––––––
T1x 1

T1a 61

T1b 36

T2 15

T3x 2

T3a 21

T3b 16

–––––––––––––––––––––––––––––––––––––––––––––––––
pN No.
–––––––––––––––––––––––––––––––––––––––––––––––––
N0 132

N2 8

Nx 12

–––––––––––––––––––––––––––––––––––––––––––––––––
pM No.
–––––––––––––––––––––––––––––––––––––––––––––––––
M0 131

M1 8

Mx 13

–––––––––––––––––––––––––––––––––––––––––––––––––
Grade No.
–––––––––––––––––––––––––––––––––––––––––––––––––
G1 43

G2 89

G3 19

Gx 1
–––––––––––––––––––––––––––––––––––––––––––––––––
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a band at 170 bp indicates the T-allele, bands at 109 and 61 bp
the A-allele. Consequently, samples only showing the 170 bp
or 109 and 61 bp band were interpreted homozygous for the
T- or A-allele respectively, while samples containing all
three bands were interpreted to be heterozygous.

Sequence analysis. Results were confirmed by sequencing of
the SNP region of randomly chosen samples after purification
of the PCR products by polyethylene glycol precipitation
(27) in a PTC100 Thermocycler using the PRISM Ready
Dye Terminator Cycle Sequencing Kit (Applied Biosystems,
Weiterstadt, Germany) according to the manufacturer's
instructions and an Applied Biosystems 373 sequencer. Primer
sequence is shown in Table II (Proligo).

Statistical analysis. ¯2 statistics (two-sided Fisher's exact
tests) were used to evaluate case-control differences in the
distribution of genotypes (SPSS 13.0). p<0.05 was interpreted
as statistically significant.

Results

Genotype distribution was 92/156 (58.97%) T/T, 57/156
(36.53%) T/A, 7/156 (4.49%) A/A in cases and was 81/158
(51.27%) T/T, 65/158 (41.14%) T/A, 12/158 (7.59%) A/A in

controls. Although there were a higher amount of T/T and less
T/A and A/A genotypes in cases, these differences were not
significant (p=0.311, Fig. 1). We could not find any significant
correlation of genotypes and histologic type (p=0.672), tumour
stage (p=0.286), or grade (p=0.936) among cases. Sequencing
samples of each genotype confirmed the RFLP results. Rep-
resentative examples for both methods are shown in Fig. 1.
To exclude any bias caused by the composition of our control
group, we compared genotype distributions of our controls to
those of several other studies (15) on STK15 polymorphisms
in Caucasians and found very similar allele frequencies.

Discussion

Chromosomal imbalances occur frequently in sporadic RCC,
and are well described (5-7,28,29). Studies investigating
several other malignancies could link those imbalances to an
impaired segregation machinery, with STK15 being a key
component (12,30-32). STK15 overexpression in several
cancers correlates with the functional STK15 Phe31Ile SNP,
as shown by Ewart-Toland and colleagues (22). Currently,
there is no published data regarding the role of the STK15
Phe31Ile SNP in sporadic RCC.

Our analysis of 156 RCC cases and 158 controls revealed
no significant differences regarding genotype distribution
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Table II. STK15 SNP PCR primers. Sense primer was also used for sequence analysis.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Primer Sequence 5'➝3' Annealing temperature Product length
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Sense CTCAATATATTCATCTTTTGC 50˚C 170 bp
Antisense AGGACACAAGACCCGCTG
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Representative examples for SNP results. A, Analysis by RFLP method: lane 1, T/T; lane 2, A/T; lane 3, A/A. B, Sequence analysis: lane 1, T/T;
lane 2, T/A; lane 3, A/A. Boxes indicate codon 31. C, Bar chart of genotype distributions in cases and controls.
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between the groups. Therefore, contrary to findings in other
malignancies, we could not link a certain genotype to enhanced
cancer predisposition (15,22). Also, no correlation to histo-
pathological features could be detected.

One might speculate that the reported overexpression of
STK15 protein in RCC (20) cannot be attributed to the STK15
Phe31Ile polymorphism, but possibly is due to erroneous
periodic destabilization and degradation of the protein by the
proteasome (33-36). As many mitotic proteins, STK15 is
regulated by periodic ubiquitin-dependent proteolysis at the
end of mitosis. The protein holds two domains needed for
recognition by Cdh-1, a C-terminal destruction box (D-box)
and a short region in the A box II, which is highly conserved
among vertebrates. Mutation and deletion analyses have shown
that dephosphorylation of Ser51 in this amino acid sequence
could control the timing of destruction (34,35). Moreover, a
novel regulator of STK15, Aurora A kinase interacting protein
(AIP), has been described and might also target the protein
for proteasomal degradation (33). To our knowledge, currently
there are no reports of studies concerning a possible STK15
deregulation in sporadic RCC.

Recently, STK15 was shown to be a downstream target
of MAPK1/ERK2 pathway in pancreatic cancer (37). Down-
regulation of MAPK1/ERK2 induced by exogenous over-
expression of DUSP6 in pancreatic cancer cells resulted in
reduction of STK15 expression via knockdown of ETS2. Given
the constitutive activation of ERKs in several renal cancer
cell lines (38), this is another possible mechanism to consider.

An additional common cause of elevated STK15 expression
is amplification of the STK15 gene region, 20q13 (17,39-41).
This mechanism is unlikely in RCC, as Ehara and colleagues
detected STK15 overexpression using immunohistochemistry
predominantly in clear cell RCC (12,20), known to lack
chromosome 20 gains (6,7,29).

To date, many SNP analyses were done on sporadic
RCC. Polymorphic variants of genes involved in DNA repair
(e.g., XRCC1, CHEK2), metabolism (GLUT1) or cell cycle
(cyclin D1) seem to influence the susceptibility for sporadic
RCC (42-45). Considering the important function of the
kidney in detoxification of exogenous noxae, the analysis of
detoxifying genes like NAD(P)H quinone oxidoreductase 1
(NQO1) is expected to provide deeper insights into RCC pre-
disposition as was shown for enzymes activating pro-
carcinogenic chemical compounds such as CYP1B1 (46).

In summary, this first analysis of the STK15 Phe31Ile
polymorphism in sporadic RCC revealed no association
between a certain allelic variant and an increased cancer risk.
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