
Abstract. Renal cell carcinoma (RCC) is the most lethal
urological cancer, and survival greatly depends on early
diagnosis. Therefore, reliable, new biomarkers for detection
of RCC are required. We assessed serum protein profiles of
samples from two institutes with SELDI-TOF MS in duplicate
on CM10 chips at pH 6.0 (set 1: 37 RCC + 32 healthy controls
(HC), set 2: 20 RCC + 25 HC). Mean peak intensities of
detected proteins were compared between RCC and HC with
non-parametric testing. Classification trees were built with
discriminating peaks using one sample set as training set and
the other as independent validation set. We found 15 peaks
significantly different (p<0.01) between RCC and HC. Two
classification trees could be built with these peaks. Tree A
achieved 75% sensitivity and 85% specificity for cross-
validation and 76 and 65% for independent validation. Tree B
had 71 and 62% sensitivity and specificity for cross-validation
and 83 and 82% for independent validation. Although two
serum protein profiles comprising 5 protein peaks were found
that could separate RCC from HC, the sensitivity and speci-
ficity is not sufficient to recommend large scale use. Upon
structural identification and quantitative validation, however,
these proteins might prove suitable markers in the follow up
of RCC patients.

Introduction

Renal cell carcinoma (RCC) is the most lethal of all urological
cancers, with a 5-year survival rate of only about 10% (1).
Conventional chemotherapy and immunotherapy are generally

considered ineffective for RCC. Recently approved drugs
such as the multi-targeted kinase inhibitors sorafenib and
sunitinib have significantly improved survival. However, these
treatments can not cure advanced disease and are not void of
side effects. Thus, early diagnosis and resection of localised
disease remains the best option for treatment. Unfortunately,
a lack of clear clinical symptoms prevents diagnosis at early
stages and one third of patients will eventually relapse after
previous nephrectomy (1,2). Although translational research
has come up with several molecular markers for RCC (3,4),
thus far, none of them has proven sufficiently effective.
Therefore, reliable, new biomarkers that can be used for early
diagnosis, prognosis and follow-up of RCC are still required.

The potential of the human genome and proteome to
provide new biomarkers has been greatly acknowledged, as
witness the number of publications in this field (5-11).
Although gene expression profiling can yield new biomarkers
as well (6), it relies on the acquisition of biopsies to provide
cellular (tumour) material. Circulating proteins that are shed
or proteolytically processed by tumour cells can be easily
picked-up in accessible biological matrices such as urine,
serum or plasma, making proteomic analysis especially
suitable for the search for new biomarkers. The introduction
of Surface Enhanced Laser Desorption Ionisation-Time of
Flight Mass Spectrometry (SELDI-TOF MS) (12,13) has
facilitated gross analysis of the proteome, thereby adding to
the search for new and better tumour markers. The technology
enables the analysis of large sample cohorts at the time, with
a minimum of sample preparation. Thus far, it has been used
to find new diagnostic biomarkers for e.g. ovarian (14), breast
(15), prostate (16) and colorectal cancer (17).

Although tissue profiling with SELDI-TOF MS has been
performed for RCC in a few studies (18-21), the search for
new (non-invasive) RCC biomarkers has concentrated around
profiling of urine and serum/plasma (22-26). Collection of
urine is not invasive and the sample complexity is lower than
that of serum or plasma due to the glomerular filtration of only
smaller proteins in healthy persons. However, the proteome of
urine samples may suffer from more variation (24,27) and
protein profiling of urine likely requires even more stringent
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sample collection procedures than that of blood samples,
which may not always be achievable or controllable in clinical
practice. In addition, albumin, which is not filtered into urine,
can act as a carrier molecule for smaller proteins and protein
fragments (28), and as such, profiling of urine will not take
into account these potentially interesting, smaller proteins.
Lastly, protein changes in urine are not easily interpretable,
as they may result from altered production, altered glomerular
filtration, or altered tubular re-uptake. However, previous
RCC protein profiles obtained from serum have not all been
validated, which is a prerequisite considering the potential
problems with reproducibility or over-fitting of data (29-32).
In fact, attempts by our group to validate some of these
profiles with samples obtained from two other institutes had
limited success. Only the increased expression of one protein
was confirmed in our samples (33). Therefore, we assessed
serum protein profiles for RCC with other assay conditions
with which we have seen more discriminating peaks, in order
to derive potentially better biomarker candidates for RCC.

Materials and methods

Chemicals. All used chemicals were obtained from Sigma,
St. Louis, MO, USA, unless stated otherwise.

Patient samples. Two independent serum sample sets (Table I)
were analysed at separate time-points in our laboratory using
standardised analytical procedures. Set 1 consisted of samples
from 37 patients with renal cell carcinoma and 32 healthy
controls obtained at the Netherlands Cancer Institute,
Amsterdam, The Netherlands. Set 2 consisted of samples
from 20 patients with renal cell carcinoma and 25 healthy
controls (HC) obtained at the University Medical Centre
Utrecht, Utrecht, The Netherlands. All serum samples origi-
nated from a serum bank, where they had been collected
according to institutional protocols. Sample collection was
performed with individuals' informed consent after approval
by the institutional review boards of both institutes.

Protein profiling. Protein profiling was performed using
SELDI-TOF MS (Biorad Laboratories, Hercules, CA, USA).
We screened Q10, CM10, H50 and IMAC-Cu chip surfaces
with suitable binding conditions for discriminative mass-to-
charge ratios (m/z) between patients with RCC and healthy
controls. CM10 chips (weak cation exchange moiety) were
ultimately selected with a binding buffer containing 50 mM
sodium phosphate and 0.05% Triton X-100 at pH 6.0. In
brief, samples were denatured by adding 10 μl of 20 mM Tris-
HCl pH 7.5, containing 9.5 M urea, 2% 3-[(3-cholamido-
propyl)dimethylammonio]-1-propanesulfonate (CHAPS) and
2% dithiotreitol (DTT) to 5 μl of serum. Chips were assembled
in a 96-well bioprocessor (Biorad Laboratories). During all
steps of the protocol, the bioprocessor was placed on a plat-
form shaker at 350 rpm. Chips were equilibrated twice with
350 μl of binding buffer for 5 min. Following, 45 μl of binding
buffer were added to 5 μl of denatured serum. After vortexing
and centrifuging, the supernatant was applied to the chip for
a 45-min incubation. Subsequently, chips were washed twice
for 5 min with 350 μl binding buffer, followed by two 5-min
washes with 350 μl of 1:20 diluted binding buffer. Chips were

air-dried, after which 2 times 0.5 μl of a 50% solution of
sinapinic acid (SPA) in 50% acetonitrile (ACN) and 0.5%
trifluoroacetic acid (TFA) was applied to the spots. Protein
chips were analysed using the PBS-IIc ProteinChip Reader
(Biorad Laboratories). Data were collected between 0 and
50,000 Da, optimising detection of discriminating peaks with
an average of 65 laser shots per spectrum at laser intensity
147 and detector sensitivity 6.

To ensure reproducibility of results, all samples were
reanalysed on a separate occasion more than one year later
with the same assay conditions. Quality control samples,
consisting of a pooled sample from HC for each sample set,
were included in this analysis to assess intra-assay reproduci-
bility. M/z values for the detected proteins were calibrated
externally with a standard peptide mixture (Biorad
Laboratories) containing [Arg8] vasopressin (1084.3 Da),
somatostatin (1637.9 Da), dynorphin (2147.5 Da), ACTH
(2933.5 Da), insulin ß-chain (bovine) (3495.9 Da), insulin
(human recombinant) (5807.7 Da), and hirudin recombinant
(6963.5 Da). The complete analysis was replicated on a
separate occasion to ensure robustness of detected expression
differences.

Statistics and bioinformatics. Data were analysed with the
ProteinChip Software package, version 3.1 (Biorad Labora-
tories). Per sample set, all acquired spectra were compiled,
baseline subtracted and normalised to the total ion current
from 1,500 to 50,000 Da. Spectra with normalisation factors
higher than 2.00 or lower than 0.50 were excluded from
further data analysis. We used the Biomarker Wizard (BMW)
software application (Biorad Laboratories) to search for
discriminative peaks. Peaks were autodetected when occurring
in at least 5% of spectra and when having a signal-to-noise
ratio (S/N) of at least 3. Peak clusters were completed with
peaks with an S/N of at least 1.5 in a 0.3% cluster mass
window. Group differences were calculated comparing mean
intensities of all detected peaks between groups with non-
parametric statistical tests. A p<0.01 was considered statisti-
cally significant. Influence of patient characteristics on peak
intensities were assessed similarly. Intra-assay reproducibility
was evaluated by means of the peaks' coefficient of variation
(CV) in replicate measurements of the quality control
samples. Another estimate of the reproducibility was made
calculating the CV of the peak intensity ratios for RCC vs.
HC of discriminating peaks across the first and second
analysis. Biomarker Patterns Software (BPS, Biorad Lab.)
was used to generate classification trees from the BMW files.
The method was set to ‘gini’, and the best tree within 1
standard error of the minimal cost tree was built. Performance
was assessed by 10-fold cross validation or by usage of the
remaining sample set as independent validation set.

Tentative protein identification. Tentative identities were
based on protein mass and iso-electric point (pI) using the
UniProtKB/Swiss-Prot and UniProtKB/TrEMBL database
within the TagIdent option from www.expasy.org. Only
identities of proteins known to be secreted in blood were
considered. Protein pI was estimated by profiling on CM10
chips using identical procedures but binding buffers with
successively higher pH, starting with the original binding
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condition, pH 6.0. Furthermore, protein profiles further
acquired under similar conditions as the original ones where
compared between samples reduced with DTT or not reduced
and for spectra generated with SPA or CHCA (·-cyano-4-
hydroxycinnamic acid) as energy absorbing matrix.

Results

Patient samples. Patient and sample characteristics are sum-
marised in Table I. The first sample set mainly consisted of
samples from newly diagnosed patients prior to nephrectomy,
whereas the second sample set comprised mostly relapsed
patients with stage-IV disease. Also, sample handling
conditions were different for set 1 and 2. However, the
differences between set 1 and 2 enabled the selection of
protein expression changes robust to these differences.

Protein profiling. Comparing the results from a pilot
screening on Q10, CM10, H50 and IMAC-Cu chip surfaces,
we found the most peaks and best discriminating peaks on
CM10 chips at pH 6.0. Therefore, subsequent analyses were
performed with these conditions. Only one spectrum (from
set 2) was not assessable due to an aberrant normalisation

factor. Peaks below 2000 Da were discarded, as in this region
there was interference of the SPA matrix. To ensure that
observed expression differences were reproducible, all samples
were reanalysed on a separate occasion more than one year
later, after storage of samples at -30˚C, one additional freeze-
thaw cycle and maintenance of the PBS-IIc mass spectro-
meter, including renewal of the laser. We only considered
peaks that proved detectable and significantly different in the
combined sample sets both in the first and second analysis
for further evaluation (Table II). M/z 2743, 3774, 3891, 3920,
4157, 4282, 4677, 7623, 7981, 8758, 10838, 13149, 15113,
15940 and 16120 met these criteria. The mean peak intensities
in patients and controls for these peaks were quite similar
across the two sample sets, however, in HC, several significant
differences between set 1 and 2 for peaks at m/z 3774, 3891,
4157, 4282 and 15113 were observed, as well as for m/z 4677
in RCC (Fig. 1A; p<0.01). In the second analysis, a similar
discrepancy between the two sample sets in peak intensities
for m/z 3744, 3891 and 7620 was apparent in HC (Fig. 1B;
p<0.001) and for m/z 4282 in RCC. However, for most of
these peaks the ratio of mean peak intensities for patients vs.
controls was roughly the same in both sample sets (Table II).
Intra-assay reproducibility of peak intensities calculated as
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Table I. Patient characteristics of analysed sample sets.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Sample set 1 Sample set 2
RCC HC RCC HC

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gender

Female 14 12 5 19
Male 23 20 15 6

Mean age (years ± SD) 56.7±11.1 56.0±8.8 63.9±11.2 43.6±10.7a

RCC type
Clear cell carcinoma 25 12
Non-clear cell carcinoma 4 2
Mixed papillary/clear cell 1 1
No PA histology done 7 5

AJCC stage
1 3 0
2 10 0
3 4 0
4 20 20

Surgical status
Pre-surgery/no surgery 33 7
Surgery 4 13

Sample handling 30 min coagulation at RT. 2-6 h coagulation at RT and 
Centrifugation at 1900 x g. overnight at 4˚C. 

Storage at -30˚C Centrifugation at 1500 x g.
Storage at -80˚C

Sample storage duration 2.99±0.55 1.90±0.03b 1.07±0.55 1.35±0.2
(years ± SD)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
ap<0.001 non-parametric Mann-Whitney U-test, for RCC vs. HC in set 2; bp<0.001 independent samples t-test, for RCC v. HC in set 1. RT,
room temperature.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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the median CV of all clustered peaks in the quality control
samples was 43%. The reproducibility of the peak intensity
ratios (RCC/HC) of discriminating peaks across the first and
second analysis was 31% for sample set 1 and 26% for set 2.
For m/z 3774, 4282, 7981, 8758, 10838 and 13149 intensity
ratios differed between the first and second analysis, generally
to the same extent for sample set 1 and 2.

The significantly different peaks were used to generate
classification trees. Two classification trees were obtained
having a suitable sensitivity and specificity for both sample
sets (Fig. 2). For tree A cross-validation sensitivity and
specificity were 75 and 85% and sensitivity and specificity
for independent validation with set 2 respectively 76 and 65%.
For tree B cross-validation sensitivity and specificity were 71
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Table II. Discriminative peaks with reproducible expression differences.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

First analysis Second analysis
Peak M/z Expression ratio RCC Expression ratio RCC Expression ratio RCC Expression ratio RCC p-value in
number (Da) vs. HC set 1 vs. HC set 2 vs. HC set 1 vs. HC set 2 set 1+2
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 2743 0.50 0.68 0.43 0.65 2.61*10-7

2 3774 0.047 0.082 0.17 0.58 2.01*10-6

3 3891 0.46 0.60 0.56 0.54 7.61*10-8

4 3920 0.72 0.90 0.65 1.06 1.47*10-4

5 4157 0.47 0.78 0.52 0.71 3.02*10-7

6 4282 0.03 0.004 0.49 0.06 1.48*10-8

7 4677 0.60 0.83 0.83 0.94 3.93*10-5

8 7623 0.84 0.94 0.89 0.67 2.79*10-3

9 7981 2.38 2.45 1.88 1.25 3.73*10-8

10 8758 0.92 0.82 0.62 0.74 4.34*10-3

11 10838 4.49 3.13 2.41 1.46 4.10*10-8

12 13149 3.57 2.39 1.78 1.57 1.901*10-6

13 15113 0.91 0.60 0.75 0.46 2.45*10-3

14 15940 2.43 1.62 2.00 1.35 2.86*10-6

15 16120 2.53 1.63 1.90 1.40 2.18*10-6

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Mean peak intensities and SD in patients and controls from sample set 1 and 2. The results for the first and second analysis are shown in part A and
B, respectively. Several peaks show large differences between the sample sets of each institute (significant differences are marked with *). Numbers
correspond to the peaks in Table II.

Figure 2. Classification trees. Tree A was generated with set 1 as training
and set 2 as validation set. Tree B was generated with set 2 as training and
set 1 as validation set.
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and 62% and for independent validation with set 1 respectively
83 and 82%. All RCC patients misclassified by tree A and B
had stage-IV clear cell or non-clear cell RCC. Stage I-III
patients were all correctly classified. Other classification
trees that were built were only suitable for classification of
one of the two sample sets. M/z 3774 was a good classifier in
set 1 (sensitivity 91.7 and specificity 78.8%). Validating this
tree with sample set 2 yielded similar sensitivity (96.2%), but
unacceptable specificity (15.4%). A similar result was seen
for a classification tree with m/z 3891 as a single classifier.
For sample set 1 sensitivity and specificity were 80-90%,
whereas the specificity dropped to 15% for sample set 2.

Influence of patient characteristics. We assessed whether
differences in patient or sample characteristics between
institutes influenced the observed peak intensities of the
significantly different peaks (Fig. 3). In set 1 a statistically
non-significant increase in peak intensity was seen in patients
without distant metastases for m/z 3891 (p=0.074) and a
statistically non-significant decrease for m/z 7986 (p=0.018),
but also in these subgroups these peaks were still lower,
respectively higher than in controls. We saw slightly lower
peak intensities in RCC sera drawn after nephrectomy for
m/z 4282 (p=0.127 and 0.012 for sample set 1 and 2).

However, all RCC peak intensities for m/z 4282, including
those in patients before/without nephrectomy were around
zero and well below those of healthy controls. As pre-surgery
patients mostly had loco-regional disease (Pearson correlation
r=0.278, p=0.036), we also assessed whether m/z 4282 was
different for metastasised and loco-regional disease. No
difference was observed, however (p=0.619; set 1). M/z 8758
was associated with tumour stage in sample set 1 (p=0.027;
Kruskal-Wallis test), showing lower peak intensities with
progressive stage. Peak intensities were similar for men and
women and did not correlate with the age of the patient or the
storage duration of samples.

Tentative protein identification. Attempts to purify and
collect biomarker candidates for identification by peptide
mapping or MS/MS analysis were unsuccessful. M/z 16120
could not be readily separated from concomitant 15-kDa
peaks and low abundance as well as mass limitations for
direct MS/MS analysis hampered structural identification of
the other peaks. Therefore, tentative identification was done
by indirect methods. Protein pIs were estimated for each of
the biomarker peaks in the classification trees. Two samples
with either high abundance or low abundance for m/z 2743,
3891, 4282, 10838 and 16120 were profiled on CM10 chips
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Figure 3. Influence of patient characteristics on peak intensities in RCC sera from both sample sets. (M0, no distant metastases; M1, distant metastases).

Table III. Tentative protein identities.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Observed Observed Tentative identity Theoretical Theoretical pI
m/z (Da) pI mass (Da)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2743 >9 Fetuin A/·-2HS glycoprotein chain B 2740 10.86

3891 >9 Islet amyloid polypeptide 3906 8.90
4282 >9 Inter-· trypsin inhibitor heavy chain 4 (ITIH4) fragment (34;35):

QAGAAGSRMNFRPGVLSSRQLGLPGPPDVPDHAAYHPFRR 4285

10838 >9 Ig heavy chain V-I region V35 10880 9.59
Ig heavy chain V-I region HG3 10803 9.23
Ig kappa chain V-II region MIL 10825 9.39

16120 6-7 Haemoglobin-ß chain SPA adduct 15867+206=16073 6-7
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
pI, iso-electric point; SPA, sinapinic acid.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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using binding buffers with successively higher pH, starting
with the original binding condition, pH 6.0. All peaks except
m/z 16120 bound to the CM10 chips up to pH 9.0, indicating
a pI >9. M/z 16120 was present when profiled at pH 6.0, but
did not bind at higher pH, indicating a pI between 6 and 7.
When no DTT was used for denaturation, m/z 3891 and 4288
remained present in the spectra, whereas m/z 2743, 16120
and concomitant 15-kDa peaks were not, implying that the
latter peaks are generated by decomposition of a protein
multimer. In addition, a change in mass of 57 Da was seen
when CHCA was used as matrix instead of SPA (m/z 16120➝

16066), indicating that the peak was an adduct of SPA (mass
206 Da) and protein. Using the TagIdent option from
www.expasy.org, we postulated haemoglobin-ß chain as the
identity for this peak (m/z 15867+206=16073).

As m/z 2743 was generated by reduction with DTT, this
protein is likely to result from a multimer. Fetuin A (·-2HS
glycoprotein chain B) has a theoretical mass of 2740 Da and
pI of 10.86. Furthermore, it is combined by a disulphide bond
with fetuin B. Therefore, we propose this identity for m/z
2743. For m/z 4282 no database protein complied with our
observed m/z and pI. In the literature a similar protein mass
has been assigned to a fragment of inter-· trypsin inhibitor
heavy chain 4 (34,35). The theoretical pI of this fragment,
11.42 as estimated with the ‘compute pI/molecular weight’
tool from www.expasy.org, corresponded to our observed pI.
The observed mass and pI of m/z 3891 correspond to that of
islet amyloid polypeptide (amylin), but it cannot be excluded
that this peak is a fragment of a larger protein. The only
proteins with masses around 10838 Da and a pI >9 in the
Swiss-Prot and TrEMBL databases, were immunoglobulin
chains (Table III).

Discussion

In the current study we analysed sera of patients with renal
cell carcinoma in search of potential biomarker proteins
discriminating them from healthy controls. Two sample sets
from different institutes with different patient characteristics
were used. Protein m/z 2743, 3891, 4282, 10838 and 16120
were shown to be useful in classifying RCC and HC in
classification trees with a sensitivity and specificity ranging
from 62 to 85% (both independent validation and cross-
validation). The intra-assay CV of our peak intensities,
including the discriminating peaks, was higher than what is
generally reported (~20-30%) (36,37). This might be caused
by the manual instead of automated processing of the samples.
However, we chose to report the CV of all detected peak
clusters, and not only of a subset of peaks. The latter is
commonly done and could account for a lower CV if only
peaks with high intensities are selected. Despite the variability
in absolute peak intensities, we found several peaks with
reproducible expression differences in both sample sets upon
duplicate analysis and were able to validate the classification
from each tree with the remaining sample set. For some peaks
the intensity ratios in sample set 1 and 2 were two- to ten-
fold (e.g. for m/z 4282) different in the second analysis
compared to the first, indicating an effect of the extra freeze-
thaw cycle, longer storage time, or technical variation in the
second analysis.

All patients with stage-I to -III RCC, although the
minority, were classified correctly by a classification tree
generated from stage-IV patients. This indicates that at least
the peaks from tree B, m/z 16120 and 4282, can be useful for
detection of early-stage RCC. As the two populations investi-
gated were quite different according to surgical status, the
proteins in these classification trees with suitable sensitivity
and specificity for both sample sets are likely not influenced
by previous surgery of the primary tumour and reflect a
general presence of tumour load. In patients with distant
metastases we found different peak intensities of m/z 3891
and 7986, yet evaluation of their potential prognostic value
by Cox regression analysis did not show a significant associ-
ation with survival (data not shown). This was also the case
for m/z 8758, which was related to tumour stage. For m/z
10838 we did see such an association (p<0.001; data not
shown), indicating a potential prognostic value, independent
of the presence of distant metastasis.

Although we saw reproducible expression differences
between RCC and HC for m/z 3774 and 3891 in both sample
sets and in the duplicate analyses, specificity of classification
trees with these classifiers was limited when using the
remaining sample set as independent validation set. This was
caused by the discrepancies in mean intensities of these peaks
in HC from the two samples sets. A suitable cut-off value for
both sets could therefore not be established. It is unlikely that
these differences are the result of discrepancies in sample
handling between the institutes, between-day technical
variability, or differences in patient characteristics, since mean
peak intensities were generally only different for the HC
samples. Possibly, the healthy individuals differ in their
characteristics, although we did not find a correlation of peak
intensities with any of the known characteristics such as age.
Protein identification and absolute, instead of relative,
quantitation of these peaks in larger populations could define
real, quantitative cut-offs for discrimination of patients and
controls. Then, m/z 3774 and 3891 might also prove to be
suitable biomarkers for RCC.

Our observed expression differences concord with previous
results in the literature. Changes in the abundance of ITIH4
fragments in cancer have been a common result of many
SELDI-TOF MS serum profiling studies (34,35,38,39). In a
quantitative SELDI-TOF MS immunoassay m/z 4283 was
increased in breast cancer patients and decreased in patients
with pancreatic cancer (35). The combined expression profile
of all ITIH4 fragments together differed between the four
tested cancer types. Also in a previous RCC serum protein
profile validation study we found a mass of 4289 Da decreased
in RCC in the same populations with other assay procedures
(33). Since this specific ITIH4 fragment is aberrantly expressed
in several cancers, its specificity for RCC will depend on its
combined analysis with other RCC biomarkers and/or other
ITIH4 fragments.

With slightly different assay procedures Tolson et al
showed an increase of an unknown protein at 10.84 kDa in
RCC (23). The peak at 10838 Da in the current study could
represent the same protein. In the Tolson study a positive
relationship of their 10.84-kDa peak with progressive disease
stage was suggested (23). Indeed, we saw a negative correlation
of m/z 10838 with survival in a univariate Cox regression
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analysis (data not shown). Whether this prognostic value will
hold in earlier disease stages has to be investigated further.
We propose that this peak represents an immunoglobulin
chain, although no previous studies on the increase of these
specific chains in RCC have been made. Alternatively, this
mass may represent a fragment of a different protein.

The decrease of a peak at 3891 Da in RCC was also found
in our previous validation study (33). A similar peak (m/z
3885) was reported to differ between pancreatic cancer
patients and healthy controls, but it was not mentioned
whether this was an increase or decrease (40). We suggest this
protein to be islet amyloid polypeptide (amylin), which is
synthesised by the beta cells of the pancreatic islets and
subsequently co-secreted with insulin. This protein has been
reported to be increased in pancreatic cancer patients with
diabetes, but was not sensitive enough for detection of
pancreatic cancer (41). Its levels are also increased in end-
stage renal disease due to decreased renal clearance (42).
Others have reported a decrease of islet amyloid polypeptide
gene expression in patients with neuroendocrine tumours due
to multiple endocrine neoplasia type 1 (43). However, no
previous studies of any decreased expression in RCC or benign
kidney disease have been made to our knowledge.

M/z 2743 has been previously found to be decreased in
serum of patients with renal failure undergoing haemo-
dialysis (44). We propose fetuin A as this protein's identity. It
is a protease inhibitor produced by the liver and secreted into
serum in high concentrations (0.5-1.0 g/l). By forming
complexes with calcium and phosphate, it enhances their
solubility and prevents vascular calcification. Fetuin A is
known to be present in lower amounts in chronic kidney
disease (45,46) and is decreased in the acute phase response
(47). Other studies describe an increase of this protein in
acute renal injury, however (48).

The identity of m/z 16120 is likely an SPA adduct of the
ß-chain of haemoglobin. This same protein chain has also
been found elevated in ovarian cancer patients compared to
controls (49). In contrast to haemoglobin-ß levels, haemo-
globin-· levels (although not formally identified, the 15.1-kDa
peak most likely represents this protein) were decreased in
RCC. Low (total) haemoglobin levels are related to poor
prognosis in RCC (50). The presence of free haemoglobin in
serum suggests the haemolysis of erythrocytes, which could
have occurred during serum collection. No overt haemolysis
was visible in these samples, however. As the appearance of
these haemoglobin chains in our mass spectra was the result
of reduction of serum with DTT, they should reflect the
abundance of the haemoglobin tetramer (of two ·- and two
ß-chains) released into serum. It is therefore surprising that
haemoglobin-· and -ß show opposite regulation in RCC. We
currently do not have a satisfactory explanation for this
observation.

In a similar study to ours, Hara et al found two peaks of
m/z 4151 and 8968 with SELDI-TOF MS serum protein
profiling, which were increased in 21, mostly early-stage,
RCC compared to 24 HC. The combined peaks had a
sensitivity and specificity of 80-90% for detection of RCC
upon validation in an independent population (29 RCC +
20 HC) (25). One of their masses is similar to our m/z 4157,
but the expression difference opposite to our current results.

However, as they performed anion exchange fractionation on
serum, this peak may well represent a different protein than
ours. We saw a small peak with mass 8968 Da incompletely
separated from a larger peak at 8933 Da in our spectra, which
was also increased in RCC when manually selected before
clustering (data not shown). The fact that we did not perform
serum fractionation has likely caused this protein to be over-
shadowed by the 8933-Da one.

Concluding, we found two protein profiles that were able
to reproducibly discriminate patients with RCC from healthy
controls in two different RCC populations, each used as an
independent validation set for the other population. The
specificity of these profiles for RCC should be investigated
further, comparing RCC profiles with those in benign kidney
disease as well as other cancers. Although the current sensi-
tivity and specificity of these profiles are insufficient for use
in diagnostic screening, they might have a role in follow-up
of RCC patients. Elucidation of the identities of the proteins
in these profiles and subsequent absolute quantitation is
needed before they can be further evaluated as biomarkers in
large-scale clinical trials.
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