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Abstract

Current methods in the noninvasive detection and surveillance of bladder cancer via urine analysis
include voided urine cytology (VUC) and some diagnostic urinary protein biomarkers; however, due
to the poor sensitivity of VUC and high false-positive rates of currently available protein assays,
detection of bladder cancer via urinalysis remains a challenge. In the study presented here, a rapid,
high-sensitivity technique was developed to profile the N-linked glycoprotein component in naturally
micturated human urine specimens. Concanavalin A (Con A) affinity chromatography coupled to
nanoflow liquid chromatography was utilized to separate the complex peptide mixture prior to a
linear ion trap MS analysis. Of 186 proteins identified with high confidence by multiple analyses,
40% were secreted proteins, 18% membrane proteins, and 14% extracellular proteins. In this study,
the presence of several proteins appeared to be associated with the presence of bladder cancer,
including a-1B-glycoprotein that was detected in all tumor-bearing patient samples but in none of
the samples obtained from non-tumor-bearing individuals. The combination of Con A affinity
chromatography and nano-LC/MS/MS provides an initial investigation of N-glycoproteins in
complex biological samples and facilitates the identification of potential biomarkers of bladder
cancer in noninvasively obtained human urine.
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Introduction

Cancer of the urinary bladder is among the five most common malignancies worldwide.
Transitional cell carcinomas (TCCs) are the most common urothelial tumors in Western
countries and constitute approximately 95% of all cases.2 Early detection remains one of the
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most urgent issues in bladder cancer research. When detected early, the 5-year survival rate is
approximately 94%; thus, timely intervention dramatically increases the patient survival rate.
Urothelial tumors can be classified into two groups on the basis of histopathology and clinical
behavior. At presentation, more than 80% of bladder tumors are non-muscle-invasive papillary
tumors (pTa or pT1). The remaining 20% of tumors that show muscle invasion at the time of
diagnosis have a much less favorable prognosis. While radical surgery is required for invasive
bladder tumors, superficial lesions are treated more conservatively by transurethral resection.
However, more than 70% of patients with Ta/T1 lesions confined to the mucosa have
recurrence during the first 2 years. If left untreated, these initially superficial lesions can
progress to being muscle-invasive.3 The recurrence phenomenon of superficial bladder tumors
makes bladder cancer one of the most prevalent cancers worldwide. Patients with superficial
tumors are under continued surveillance by routine cystoscopy examinations of the bladder for
early detection of new tumor developments. Once bladder tumors are identified and removed,
patients will routinely get surveillance cystoscopy every 3 months for 2 years, then every 6
months for 2 years, and then yearly thereafter. Consequently, the development of noninvasive
urinalysis assays using reliable diagnostic markers would be of tremendous benefit to both
patients and healthcare providers.

Voided urine cytology (VUC) remains the method of choice for the noninvasive detection of
bladder cancer, with its main use being to recognize the presence of recurrence and early
progression in stage and grade. VUC can be used to diagnose new malignancy, yet while it has
a specificity of >93%, its sensitivity is only 25-40%, especially for low-grade and low-stage
tumors.# Furthermore, results are not available rapidly, it is prone to interobserver variation,
and it is relatively expensive. Understandably, a good deal of research has focused on
identifying potential urine tumor markers with higher sensitivity than urine cytology.
Promising diagnostic protein markers are NMP-22, BTA, BLCA-4, and cell proliferation
proteins. Unfortunately, these tests also suffer from high false-positive rates, and thus, there is
no protein test available to date that can replace urine cytology. Thus, detecting bladder cancer
using diagnostic markers still remains a challenge.

Newly developed, high-throughput techniques, i.e., time-of-flight mass spectrometry, SDS/
PAGE with matrix-assisted laser desorption/ionization ion trap mass spectrometry, and liquid-
ghase 2-D separation techniques greatly facilitate the analysis of proteins in biological samples.

However, only a limited number of proteomic studies utilizing the newer technologies have
been conducted in the analysis of urological cancers, largely because of the lack of defined
methodologies that can reduce the complexity of the sample and rapidly and accurately identify
specific proteins.

In this study, we have investigated the feasibility of profiling a glycoprotein component of the
naturally micturated urinary proteome and applied optimized analyses to compare the profile
of a panel of urine samples obtained from patients with bladder cancer and nonmalignant
bladder conditions. We utilized the ability of an immobilized a-mannose-binding lectin,
concanavalin A (Con A), to enrich N-linked glycoproteins from human urine. The enriched
glycoproteins were then digested with trypsin and analyzed with nano-LC/MS/MS. A total of
128 distinct N-linked glycoproteins were identified with high confidence by multiple analysis
of as little as 10 mL of naturally micturated urine. The majority of identified proteins were
secreted, or membranous, proteins, and a subset of proteins were identified that were commonly
excreted in urine from bladder cancer patients. The combinatorial approach of Con A affinity
chromatography and nano-LC/MS/MS provides high sensitivity and with relatively moderate
labor demands can greatly facilitate the identification of potential biomarkers of bladder cancer
from noninvasively obtained human urine.
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Experimental Procedures

Urine Collection

Urine specimens were collected from the University of Florida urology clinic at Shands & UF
Hospital, Jacksonville, FL. Eight samples of urine were collected from patients cystoscopically
confirmed to have bladder cancer (n = 5) or to have nontumor conditions (n = 3). An additional
two normal donor urine specimens (n = 2) were obtained from asymptomatic volunteers.
Samples were collected from patients visiting the clinic according to University of Florida IRB
approved consent protocols. Each sample consisted of 15-50 mL of midstream urine collected
inasterile cup. All specimens were processed in the same way, with no special treatment being
performed to remove occasional blood prior to analysis to preserve the intrinsic components.
Table 1 shows patient clinical details.

Sample Preparation

Cells and debris were removed from urine samples by centrifugation at 50009 for 10 min at
room temperature, and the supernatant was stored frozen at —80 °C until analysis. Four times
the sample volumes of cold (=20 °C) acetone was added to the urine specimen for protein
precipitation. The sample was left at 20 °C for 1 h followed by centrifugation at 120009 for
15 min at 4 °C. The supernatant was removed. The tube was left open at room temperature to
partially remove the remaining solvent. The pellet was resuspended in binding buffer (20 mM
Tris, 0.15 M NaCl, 1 mM MnCl,, and 1 mM CacCls, pH 7.4). The sample was vortexed
vigorously to completely dissolve the pelleted protein. The protein amounts in the sample
concentrates were determined using the Bradford protein assay (Bio-Rad, Hercules, CA).

Con A Lectin Affinity Chromatography

An agarose-bound lectin, agarose-bound concanavalin A (Con A), was purchased from Vector
Laboratories (Burlingame, CA). A 500 uL sample of agarose-bound Con A was packed into a
disposable screw end cap spin column with filters at both ends. The binding and removal of
nonspecific binding were done as previously described.’ The binding buffer consisted of 20
mM Tris, 1 mM MnCl,, 1 mM CaCly, and 0.15 M NaCl, pH 7.4, and the elution buffer was
0.4 M methyl-a-D-mannopyroside in 20 mM Tris and 0.5 M NaCl, pH 7.0. The eluted fractions
were pooled, and the Con A-captured samples were subjected to quantitation by Bradford assay
(Bio-Rad, Hercules, CA).

Tryptic Digestion/PNGase F Treatment

The sample was concentrated using Microcon YM-10 (Millipore Corp., Bradford, MA)
according to the manufacturer’s protocol. Approximately 10 uL of sample was collected from
the filter device. The digestion was done as previously described. 8 A5 L portion of 10 mM
DTT (Sigma) was added and the resulting mixture incubated at 45 °C for 30 min. The digestion
and reduction reaction was terminated by adding 1 uL of TFA to the digest. The tryptic digestion
mixture was completely dried using a SpeedVac concentrator (Labconco Corp., Kansas City,
MO) operated at 45 °C. The digest was reconstituted with 20 xL of HPLC-grade water (Fisher
Scientific, Hanover Park, IL), and half of the volume of the sample (10 xL) was kept at —20 °
C for later analysis by LC/MS/MS. A 50 uL portion of 200 MM ammonium bicarbonate and
1 unit of PNGase F (Sigma) were added to the rest of the digest. The deglycosylation reaction
was incubated for 24 h in a water bath set at 37 °C. The reaction was stopped by incubating
the digest mixture at 75 °C for 20 min. The sample was dried using a SpeedVac and kept at
—20 °C for LC/MS/MS analysis.
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A Paradigm MG4 micropump (Michrom Biosciences Inc., Auburn, CA) was used for
chromatographic separation of peptide mixtures. A mobile phase system of two solvents was
used, where solvents A and B were composed of 0.1% formic acid (Sigma) in HPLC-grade
water and ACN (Sigma), respectively. Prior to LC/MS/MS, the dried tryptic digest was
reconstituted in HPLC-grade water. The final concentration of tryptic digest mixture of ~0.25—
1 ng/uL was injected through a 20 L fixed sample loop. The peptide mixture was loaded into
a desalting column packed with C4 (300 #m i.d. x 50 mm) (Michrom Biosciences Inc.) and
washed with 95% solvent A and 5% solvent B with a flow rate of 0.3 xL/min for 5 min. The
peptides were eluted onto an analytical C18 column (100 xm i.d. x 150 mm) (Michrom
Biosciences Inc.) over 45 min using a gradient elution with a flow rate of 300 nL/min. The 40
min gradient was 5-45% B in 25 min, 45-95% B in 10 min, and hold at 95% B for 5 min. The
resolved peptides were analyzed on a linear ion trap mass spectrometer with a nano-LC-ESI
source (LTQ, Thermo Finnigan, San Jose, CA). The capillary transfer tube was set at 200 °C,
the ESI spray voltage at 2.5 kV, and the capillary voltage at 30 V. The ion activation was
achieved by utilizing helium at a normalized collision energy of 35%. The data acquisition and
generation of peak list files were automatically done by Xcaliber software. For each cycle of
one full mass scan (range of m/z 400-2000), the three most intense ions in the spectrum were
selected for tandem MS analysis, unless they appeared in the dynamic or mass exclusion lists.
Precursor selection was based upon a normalized threshold of 30 counts/s. Multiple analyses
(up to 10 LC/MS/MS runs) were performed for each sample. Dynamic exclusion was employed
in the LC/MS/MS analysis to increase the number of identified proteins. In a few cases,
precursor ion masses of highly abundant proteins such as albumin or uromodulin were listed
for mass exclusion when their mass hindered the detection of relatively lowly abundant
proteins.

Database Searching and Manual Validation

All MS/MS spectra were analyzed by TurboSequest of Bioworks software, version 3.1 SR1
(Thermo Finnigan). Peptide fragment lists were generated and submitted to Swiss-Prot
database searching. The search parameters were as follows: (1) database species, Homo
sapiens; (2) allowing two missed cleavages; (3) possible modifications, oxidation of M; (4)
peptide ion mass tolerance 1.50 Da; (5) fragment ion mass tolerance 0.0 Da; (6) peptide charges
+1, +2, and +3. The filter function in Bioworks browser was used to set a single threshold to
consider fully tryptic peptides assigned with Xcorr? values as follows: > 1.5 for singly charged
ions, > 2.5 for doubly charged ions, and > 3.5 for triply charged ions, while no ions at higher
charged states were considered. After that, the search results that passed the first criteria were
subjected to manual inspection, in which ACn > 0.1 was considered. Data reduction was then
manually performed using stringent criteria as follows: (1) preliminary score (Sp) >500, for
>6 residual peptides; 200 < Sp < 500, for <6 residual peptides; (2) ranked preliminary score
(Rsp) <5; (3) ions >70%; (4) less than two potential modification sites were considered; (5) if
the same spectrum matched different proteins, the higher Rsp, the higher ACn, and/or ions
>70% would be selected. In other words, peptide ion scans must correspond to a single accepted
protein. All SEQUEST search parameters and data filtering were the same in all digest
fractions, except the modification of asparagine was allowed by +1 Da in the tryptic digest/
PNGase F fractions. The +1 Da was allowed owing to hydrolysis of the amide of the asparagine
side chain to release the asparagine-linked oligosaccharides from glycopeptides.

Protein IDs were accepted if, and only if, the ID was positively identified in at least two MS/
MS analyses. If the protein was identified by a single peptide matching, the spectrum was
manually validated. The matched ions covering at least 70% of the peptide sequence must have
a high signal-to-noise ratio (S/N). Two high S/N spectra of a single peptide matching protein
were accepted for positive identification.
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Results

Urinary Protein Content

In the present study, we investigated and compared the glycoprotein profile of urine obtained
from patients with cystoscopically confirmed bladder cancer or no evidence of bladder cancer
iTabIe 1). The protein concentration of normal urine is estimated to be less than 100 mg/L.

0 Our measurements of urinary protein concentrations from non-tumor-bearing patients were
consistent with the reported value (average of 31 mg/L) except for one patient who showed a
sign of proteinuria (defined as >150 mg/day of protein) most likely due to a high level of
hematuria. The average protein concentration in urine from tumor-bearing patients was 127
mg/L. The greater amount of protein recovered from bladder cancer patients’ urine meant that
7-15 mL of urine was typically sufficient for our analysis; however, a larger volume of
asymptomatic patient urine was required, i.e., 15-30 mL. Agarose-bound Con A was chosen
to isolate glycoproteins in human urine owing to its broad specificity and preferential binding
to oligomannosidic, hybrid, and biantennary N—glycans.11 Con A-capture experiments were
performed in duplicate with starting material of lower than 400 xg. The measured protein
content of eluted fractions from urine samples indicated that ~4% of the total input protein
bound to the lectin column.

Mass Spectrometric Analysis

Con A-bound proteins were subjected to mass spectrometric analysis. A semishotgun approach
was used where the bound fractions were enzymatically digested and analyzed by nano-LC/
MS/MS. For each scan, the three most abundant peptides were sequenced. Figure 1A is a
representative nano-LC/MS/MS base peak chromatogram, showing the detection of the more
abundant ions across a 40 min gradient separation. The peak capacity of our nano-LC separation
was estimated to be ~60—120 on the basis of examining the full width at half-maximum (fwhm).
This implies that we can sequence >60 peptides within a single run; however, it is important
to note that multiple peptides were detected within a single resolved peak from all
experimentally based peak chromatograms, which is commonly observed from LC/MS/MS
analysis of highly complex samples.

Figure 1B shows a representative MS/MS spectrum of a peptide sequence from uromodulin,
one of the most abundant proteins in urine, identified in the eluted fraction of a cancer-bearing
patient sample. Eight other ion peaks were also detected and assigned to this protein.
Uromodulin is an N-linked glycoprotein as annotated by Swiss-Prot and was detected in 7 of
10 urine samples. The reproducibility of the Con A-capture experiment coupled to nano-LC/
MS/MS was evaluated by running samples in triplicate in independently packed Con-A affinity
columns. The data showed that the Con A-capture experiments were very reproducible.
Approximately 75% of the identified proteins were N-linked glycoproteins, and these were
observed in all three parallel, lectin-captured samples (Table 2). To evaluate the reproducibility
of nano-LC/MS/MS analysis alone, the retention time of several peptides detected in a normal
captured fraction was determined.

Figure 2 shows representative MS spectra of the +2 precursor mass of YFIDFVAR from the

protein kinnogen-1 in three independent runs. The retention times of this peptide in these runs
were not significantly different. On the basis of the results, the standard deviation of the elution
time of a peptide was estimated to be less than 10 s in our experimental system employing a

capillary C18 column.

Glycoprotein Identification

Both tryptic digest fractions and tryptic digest/PNGase F fractions were analyzed, and their
results were combined to increase the confidence in protein identification. Removing glycans
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from digested peptides with PNGase F is reported to provide a stronger signal for the peptide
ions compared to the glycan remaining intact.12 On the basis of our results, we did indeed find
that glycopeptides were poorly identified when only the tryptic digest fractions were analyzed,
but after tryptic digest/PNGase F treatment, a number of glycopeptides were positively
identified from the same fraction. In our experiments, all SEQUEST search parameters and
data filtering were the same, except that 1 Da was allowed for modification of Asn for
deglycosylated digests. Table 3 lists the peptides that were not detected in the fraction with the
tryptic digestion alone, where “#” denotes the glycosylated site of the peptide. These peptides
have consensus sequence NXS/T, where X is not proline, and these sites have been annotated
using the Swiss-Prot database. Several potential novel glycopeptides were identified using this
approach; however, improved mass accuracy MS/MS instrumentation or other types of
experiments are required to confirm these sites. Locating glycosylation sites was not the
primary goal of our experiments, but our data support the claims of others that improved signals
for glycopeptides are revealed when their glycans have been enzymatically released.12 The
analysis of the deglycosylated fraction as well as the tryptic digest fraction facilitated detection
of unique peptide sequences and increased the total number of positive protein IDs. Accurate
identification of components inacomplex biological material, such as urinary proteomes, using
the LC/tandem mass spectrometry technique, requires strict attention to data interpretation and
handling. Multiple analyses of samples and manual data validation with stringent criteria are
particularly important for correct identification. In this study, the Xcorr for each ion charge
and ACn were set at the accepted values for a high confidence of protein identification. In
addition, Rsp, Sp, and the percentage ion match were also considered in order to increase the
confidence level. Visual assessment of the spectra was conducted if a single peptide resulted
in a positive protein ID and was detected in at least two LC/MS/MS runs of the same sample.
The protein was considered present in the sample if its corresponding peptides passed all the
stringent criteria (described in the Experimental Procedures) and the protein was observed in
at least two MS/MS analyses.

A total of 186 urinary proteins were positively identified in our study, with ~40-65 proteins
being detected in each urine specimen. A table (Table S1) summarizing all of the protein IDs
obtained from analysis of all of the urine specimens is available in supplemental data
(http://genomics.biotech.ufl.edu/people/goodison/table_s1.pdf) and Supporting Information.
The majority of the glycoproteins had molecular masses within the range 30000-80000 kDa,
but glycoproteins as large as 300 000 kDa were detected. Of the 186 identified proteins, 128
(69%) were glycoproteins as annotated by the Swiss-Prot database. Other proteins could be
accounted for through nonspecific lectin column binding, or unconventional glycan sites. Not
surprisingly, Figure 3 shows that the majority of identified proteins were secreted (40%),
membrane (18%), and extracellular (14%) proteins. Zinc a-2-glycoprotein and o-1-
microglobulin (AMBP protein) were the most frequent positive protein IDs and were identified
in all urine samples (Table S1 in Supporting Information). These two proteins are expected to
be abundant in urine; however, we observed that their sequenced peptides were not always in
the top five protein identifications per sample. Table 4 ranks the identified proteins that were
most discriminatory between samples from tumor-and non-tumor-bearing patients by
comparing the occurrence of a specific protein in urine samples obtained from tumor-bearing
and non-tumor-bearing individuals. Urinary serotransferrin and haptoglobin were associated
with the presence of bladder cancer, but most discriminatory was a-1B-glycoprotein (A1BG-
human). This protein was detected in all Con A-captured fractions of bladder cancer patients’
samples but, more importantly, was never found to occur in non-tumor-bearing patients’ urine.

Discussion

Recent improvements in technologies to detect, identify, and characterize proteins, particularly
two-dimensional electrophoresis and mass spectrometry, enable the detailed and systematic
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isolation, identification, and characterization of proteins in a given sample. Proteomics is
regarded as a sister technology to genomics; however, although the pattern of gene activity
may be abnormal in a tissue with a pathological lesion, there can be a poor correlation between
the level of the transcription of different genes and the relative abundance within the tissue of
the corresponding proteins. Consequently, the information about a pathological process that
can be derived at the level of gene transcription is incomplete. It is the high-throughput
approach that defines and characterizes modern proteomics.

Despite the high complexity of components in urine, the urinary proteome is highly amenable
to clinical research due to the wide availability of the samples, the noninvasive nature of
collection, and thefossibility of repeat sampling. The urinary protein profile may reflect not
only renal disease, 3 but also other diseases of the urinary tract, including bladder cancer.
Thus, analysis of proteins in patient urine with a defined disease may provide detailed
knowledge of the pathological process associated with the disease. Furthermore, the
characterization of differences between asymptomatic and disease-associated urinary
proteomes should provide markers for diagnosis and prognosis and as potential targets for drug
development.

Two-dimensional electrophoresis (2-DE) of proteins has been the conventional method for
biomarker assessment in urological proteomics,14’15 and investigators have performed a
systematic evaluation of samfle preparation methods for gel-based human urinary proteomes.
16 A near-standard 2-D map 7and high-resolution 2-D gels18 of urological tissues have
contributed to the construction of a 2-D database.11:19 The database also contains a listing of
339 proteins detectable in urine, 124 of which have been identified. Using the urological 2-DE
databases, pathologic subtypes of solid bladder tumor tissue specimens could be distinguished
on the basis of protein fingerprints.lz,zo’21 Although a number of dysregulated proteins have
been identified in a variety of tissue-based studies, it is disappointing that no reliable markers
have been identified for transitional cell carcinoma, the most common type of bladder cancer.
Through the proteomic study of a set of only six urine samples, Kageyama et al.22 were able
to identify a potential tumor marker, calreticulin, which is found in the urine of patients with
bladder carcinoma. However, as is common in the search for cancer biomarkers, the authors
used a differential display method and mass spectrometry to identify proteins that are increased
in solid tumor tissues first and then subsequently monitored the presence of a reduced set of
candidate biomarkers in urine samples. Unfortunately, in a larger cohort of patients, the
diagnostic accuracy of calreticulin in urine was vulnerable to urinary tract infections.22
Because none of the markers described to date have sufficient sensitivity and specificity for
diagnostic use, the quest for identifying additional bladder cancer biomarkers continues.
Investigators have also applied gel-free methodologies to urine analysis. Pang et al. employed
three different strategies to identify biomarkers related to acute inflammation, 23 and Cutillas
etal. used a 2-D LC/MS/MS approach to generate a peptide profile of urine from patients with
Dent’s disease.24 Most recently, Ru et al. used multidimensional protein identification
technology (MudPIT) to identify 87 proteins in human urine.23 It is interesting to note that no
more than 30 mL of urine was needed in our experiments while hundreds of milliliters of urine
is typically used for gel-based analysis.16‘19' 3 The pooling of samples from different
individuals is ti/gically observed in the published gel analysis of urines to increase the amount
of proteins.17' By pooling samples, one is likely to lose the individual information of the
intrinsic components present in urine from a single patient at a given time. Thus, a reliable and
accurate profiling technique employing a small amount of urine is essential for detecting
urinary proteomes and for marker identification. Low sample consumption also minimizes
sample handling steps, which reduces potential sample losses as well as analysis time.

In this study, we focused on the analysis of one specific fraction of the urinary proteome, that
of glycosylated proteins. Selection and concentration of one component of the sample proteome
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reduced the complexity of the sample, which in turn enabled the rapid and accurate
identification of multiple unique proteins in sample volumes that are routinely, and
noninvasively, obtained in the clinic. Protein glycosylation has long been recognized as one
of the most prevalent post-translational modifications,28 playing a fundamental role in many
biological processes such as immune response and cellular regulation.27 Accordingly, the
alteration in protein glycosylation which occurs through varying the heterogeneity of
glycosylation sites or changing the glycan structure of proteins on the cell surface and in body
fluids has been shown to correlate with the development of numerous disease states, including
cancer.28 Indeed, many clinical biomarkers and therapeutic targets in cancer are
glycoproteins29 such as CA125 in ovarian cancer, Her2/neu in breast cancer, and prostate-
specific antigen (PSA) in prostate cancer. PSA is one of the best characterized examples of a
secreted glycoprotein used in cancer diagnostics, and its glycoforms have been described.30
Such carbohydrate differences allow a distinction to be made between proteins from normal
and tumor origins and suggest a valuable biochemical tool for diagnosis.31

The use of Con A affinity chromatography combined with a powerful nano-LC/MS/MS
platform provided an efficient capture of N-glycoproteins from a relatively complex sample
and enabled the identification of 186 unique proteins. This combinatorial approach provides
high sensitivity and with relatively moderate labor demands should facilitate the identification
of potential biomarkers of disease from body fluids. Our pilot comparative study of a panel of
clinical samples revealed that differential urinary glycoprotein profiles exist that can
distinguish bladder-cancer-bearing patients from individuals with noncancer conditions. It is
important to note that only relatively high abundance peptides/proteins will be positively
identified by LC/MS/MS analysis. In particular, ion suppression can occur when many peptides
elute from the column simultaneously. Increasing the number of sequenced peptides per scan
or using mass exclusion may increase the number of identified proteins, but these
improvements are still restricted by the MS performance. Obtaining a large sequence coverage
as well as sequencing large peptides is also difficult with the shotgun approach. In this study,
repeated analysis of the sample enabled us to detect low-level peptides/proteins and obtain
confident IDs of N-linked glycoproteins in a small amount of patient urine. In addition to the
use of high Xcorr criteria for peptide/protein assignment, restricted SEQUEST scores were
determined and manual analysis was performed to ensure the accuracy of our assignments.
Using this concerted approach, we were able to distinguish the marked differences between a
group of healthy individuals and cancer-bearing patients and propose potential diagnostic
biomarkers.

Of the 186 proteins identified in this study, 146 have been detected in urine using other
techniques;lov19 thus, we have added a significant list to the urinary proteome database. We
did identify several potential novel glycosylated peptides in this study, but these would require
confirmational studies focused upon the detailed analysis of specific proteins. Even though all
patients visiting the clinic presented with hematuria, the presence of several glycoproteins was
associated with samples obtained from patients with transitional cell carcinoma of the bladder.
The most discriminatory protein associated with bladder cancer in this pilot study was A1BG.
Although the human A1BG protein was purified and sequenced in 1986, its physiological role
is unknown. Ishioka et al. determined the complete amino acid sequence of A1BG and showed
it to consist of a single polypeptide chain N-linked to four glucosamine oligosaccharides.
Analysis of the amino acid sequence revealed significant homology to variable regions of
certain immunoglobulin light and heavy chains and to other members of the immunoglobulin
supergene family.32 No specific function has been ascribed to A1BG to date, but an indication
of a function comes from the characterization of the opossum A1BG homologue, oprin.33
Oprin is ametalloproteinase inhibitor, which in some properties, but not in sequence, resembles
the tissue inhibitor of metalloproteinases (TIMPs), a family of proteins with complex roles in
tumor progression and angiog:]enesis.34 An association of A1BG expression with cancer has
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been described in one previous study. In a study that utilized expressed sequence tag (EST)
profiling of cDNA libraries, Yoon et al. identified A1BG as 1 of 14 genes confirmed to be
highly expressed in human hepatocellular carcinoma (HCC) cell lines and liver tumor tissue
specimens.35 While many more cases are required to be screened, the reported correlation of
A1BG expression with liver cancer supports the notion that this protein is worthy of further
study in the context of a potential biomarker for bladder cancer. Haptoglobin was also
associated with bladder cancer in this study, and thisglycoprotein has been reported to be
diagnostically useful in both ovarian and liver cancer. 4,35 Further studies are needed in large
cohorts of bladder cancer patients with a broad range of disease stage and grade and with
noncancer conditions to evaluate the true potential of the glycoproteins implicated in this study
in bladder disease management. Beyond the investigation of individual proteins identified here,
the described technical approach will facilitate a more focused analysis of clinically relevant
samples, such as urine and other bodily fluids, which in turn will lead to the identification of
reliable biomarkers for improved detection, surveillance, and screening regimens for a range
of diseases.
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Figure 1.

(A) A representative nano-LC/MS/MS base peak chromatogram, showing the detection of the
peptide ions across the 40 min gradient separation. (B) MS/MS sequencing data of a peptide
from uromodulin, identified in the eluted fraction of a bladder-tumor-bearing patient urine
sample.
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Figure 2.

Reproducibility of nano-LC/MS/MS of Con A-captured fractions from a human urine sample.
The retention times of a +2 charged precursor mass of YFIDFVAR from the protein kinnogen-1
from three independent runs were measured to be 22.84, 22.73, and 22.83 min.
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Figure 3.
Subcellular location of proteins identified in naturally micturated urine samples using a Con
A lectin column and MS/MS analysis. A total of 186 urinary proteins were identified.
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Clinicopathological Data of the Study Samples
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patient sample disease status sex age
Tumor-Bearing Patients
T4 low-grade bladder cancer female 53
T3 high-grade bladder cancer male 52
T9 high-grade bladder cancer male 71
T8 high-grade bladder cancer female 75
T13 high-grade bladder cancer male 79
Non-Tumor-Bearing Patients
N3 hematuria, no tumor male 66
N10 hematuria, no tumor male ND
N2 hematuria, no tumor male 53
N5 asymptomatic donor female 28
N7 asymptomatic donor female 29
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Con A-captured sample no. of protein IDs no. of N-linked glycoproteinsb
1 35 25
2 31 25
3 35 27
common proteinsc 25 20
found in two samplesd 6 4
found in only one samplee 14 9

a . . . . . s T
Proteins from a tumor-bearing patient urine sample were loaded equally onto three replicate lectin affinity columns. The number of proteins identified

in each eluted fraction is summarized.

bN-Iinked glycoproteins as annotated in the Swiss-Prot database and as predicted by the software NetNGlyc 1.0 server.

CThe number of proteins found in all three Con A-captured samples.
d . .
The number of proteins found in two samples.

e . .
The number of proteins found in only one sample.
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