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Background: Bladder cancer is very diffuse especially in men aged about 65 years and the diagnosis is
difficult and invasive. The identification of simple urine biomarkers that will enable diagnosis at an earlier
stage of disease and accurately monitor for recurrence is a big challenge. The aim of this research is to find a
simple urine test that may substitute or reduce the invasive and expensive cystoscopy.

Methods: Voided urines collected in the morning before operation from 25 patients affected by papillary
bladder carcinoma (Ta) were used after a short conservation at -80 °C and long conservation for more than
1 year. The lipids were extracted and analyzed using an Agilent Technologies. A statistical analysis of the
results was performed with the specific software LipoStar.

Results: The results show a clear difference in lipids between patients and controls that can be separated
into two groups. In order to identify the lipid species, characteristic fragments of MS/MS spectra were
used. On that basis, about 50% of 150 lipids selected were identified. This subset is mainly formed by
triacylglycerols, alkyl diacylglycerols, cholesteryl ester and palmitoyl-sphingomyelin that are all present in
high quantity in patients’ urine. These differences become less evident in samples saved for more than 1 year.
Although the dataset is small, it appears that the urine lipids may be used as markers with good specificity
and sensitivity.

Conclusions: The relevance of lipids in tumorigenesis as well the possible alterations of chromatin lipids
are discussed including also the possibility of miRINA influence. The development of a special kit for use in
screening and for monitoring the appearance or reappearance of bladder tumors could prevent many deaths

due to this disease and may reduce the current invasive and expensive diagnostic system.
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Introduction clinical forms are present: non-muscle invasive bladder

Urothelial carcinoma of the bladder is one of the most cancer (NMIBC) and muscle-invasive bladder cancer

diffuse cancers in man and also is present in small (MIBC) each with a different perspective for therapy and

percentage of women (Global Cancer Statistic) (1). Two survival (2-4). The diagnosis of MIBC may be more easily
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on the basis of symptoms and especially of cytological
analysis, instead the NMIBC are frequently asymptomatic
and few cells are present in the urine as consequence only
the cystoscopy may be utilized for a correct diagnosis. At
initial diagnosis around 70% of the patients with urothelial
cell carcinoma (UCC) of the bladder have cancers confined
to the epithelium or subepithelial connective tissue (pTa,
pT1l or pTis) (5). However, the low-grade bladder cancer
has a high recurrence rate (50% to 70%), fortunately with
low progression rate (10-15%) to muscle invasion over a
5-year period (4,6).

Therefore, in many cases the lifelong surveillance is
mandatory (7). The standard methods (cystoscopy and
urine cytology) for surveillance are costly, invasive and
uncomfortable (7). Non-invasive urine markers might
therefore significantly improve the management of
NMIBC.

Therefore, many attempts have been made to find an
early marker in either blood or urine. The cytological
analysis of urinary cells shows the presence of atypical
cells, but the success of this analysis depends on the tumor
grade, on the subjective experience of the observer and may
be complicated by the presence of inflammatory cells or
hematuria. Some biomarkers e.g., BTA or NMP22 are used,
but they do not present sufficient sensitivity or specificity (8).

Researches have been made also concerning nucleic
acids, proteins, and metabolites as reported in detail by
D’Costa et al., Goodison et al., Cataldi et al. (8-10).

There have been very few published analyses of lipids
as potential biomarkers, although an increase in the
serum lipids and proteins associated with sialic acid was
demonstrated in patients, showing a sensitivity of about
80% and a specificity of 70% (11). Most of the results
reported concern the cancer tissue lipid composition (12,13).
In summary, there have been many proposals to reliably
identify early stage bladder cancer, but to date no biomarker
has been identified that may be adopted or can substitute or
reduce the invasive cystoscopy examination. Therefore, aim
of this preliminary study is to analyze the effectiveness of
lipids as bladder cancer biomarkers in patient with papillary
bladder carcinoma (Ta). Such a biomarker would need to
exhibit 100% specificity and sensitivity, especially for low-
grade tumors (such as Ta), when it is more difficult to
analyze the cells in the urine.

In the present study, the multivariate statistical analysis on
non-targeted lipidomic data was utilized to investigate urine
samples. The results show that using fresh urine, it is possible
to make a diagnosis of early tumor. This marker therefore,
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can be used for screening and prognostic purposes.

Methods

"This research has been authorized by the Ethics Committee
on 7th February 2013 (protocol n. 2012-047R) and the
CEAS Committee of Umbria Region on 21 February 2013
(CEAS Register n 2085/13).

Patients and controls

"Twenty five patients were selected from the urological clinic
of the University of Perugia after they had given consent.
The patients were both men (80%) and women (20%),
with an average age of 70 years (41-94 years). Most of the
patients were smokers, some of them for many years. No
other particular risk factors were identified. Patients affected
by inflammatory process or infections were excluded from
the study. The tumors were classified as papillary urothelial
neoplasms of low malignancy. The cytological test was
positive in only 30%. Twenty-six controls were taken from
healthy volunteers. They were divided in three groups on
the basis of sample time conservation: controls were saved
for less than 1 year, five experimental samples saved for
less than 1 year and twenty experimental samples saved for
3 years, nobody followed specific diet.

Sample collection and lipid extraction and analysis

Reagents used

Phosphate buffered saline (PBS), albumin, highly
polymerized calf thymus DNA-preparation, ribonucleic acid
type IV from calf liver, LC-MS grade water, Acetonitrile,
Methanol, Ammonium Formate, Formic Acid, Phosphoric
Acid, BHT, HPLC grade chloroform and isopropanol were
purchased from Sigma-Aldrich.

Urine was collected in the morning, using a 50 mL
plastic vessel before any pharmacological treatment. Within
2 hours of collection, the samples were centrifuged at 600 g;
the cells present in the sediment as well as the supernatant
were frozen at -80 °C until they were used.

The virosomes which are particles isolated from the body
fluid and containing circulating nucleic acids complex, were
isolated from the voided urine by ultracentrifugation at
120,000 g for 1 hour, to remove organelles like microsomes
and other cellular debris (14). Such previous researcher
found the chemical composition of virosomes and it was
demonstrated the presence of a lipidic fraction. The
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supernatant containing virosomes was used for further
analysis (15). Cytosolic virosomes were isolated by gently,
homogenizing the sedimented cells in PBS 1X (10 strokes
with plastic pestle). The suspension was centrifuged as
above for obtaining the virosomes. The supernatant was
lyophilized and dialysed as described (14). The protein was
determined with the colorimetric method of Lowry, using
Folin reagent and albumin as standard (16), the DNA by the
method of diphenylamine using DNA at scalar quantity (17).
The RNA was measured with orcinol method using
ribonucleic acid type IV from calf liver at scalar quantities (18).
Total lipids were extracted by the method of Folch (19)
and their concentration determined by measuring inorganic
phosphorus using Fiske and Subbarow method (20). The
lipids were chromatographed on thin layer chromatography
plates and each phospholipid (PL) was identified and
measured by determining the inorganic phosphorus (21).

Extraction and LCMS analysis of urinary lipids

Urinary lipids were extracted from 6 mL urine sample
aliquots of all individual patients according to the method
of Matyash et al. (22) which represents an improvement
of the Folch method permitting a faster and cleaner lipid
recovery. The differences between lipid extraction protocols
are described in Pellegrino ez 4/. (23). Minor modification
that takes into account the low lipid concentration and the
salinity of the samples were introduced. The lipid extracts
were reconstituted with 30 pL of methanol/MTBE/
chloroform 1:1:1 (MMC) containing BHT (100 mg/L) and
dicetyl phosphate (50 pM) as analytical standard to verify
the reproducibility of runs. The 2 pL of each sample was
injected in the Agilent LC-MS QTOF system equipped
with an Agilent Dual Jet Stream source (ESI family)
that operated in positive and negative ionization mode.
Lipid extracts were separated on an Ascentis Express C8
2.1x100 mm 2.0 pm columns (Sigma-Aldrich, St. Louis,
MO, UK) according to the method of Bird er al. (24).
Specific lipid standards for each family were not used as
the untargeted approach followed by multivariate statistical
analysis has the purpose of making comparisons of lipids
belonging to the same family.

Data analysis

Preliminary data processing was performed using the
Agilent Qualitative Analysis MassHunter software
(B.06.00). With this software, using the ‘find by formula’
algorithm and Lipid Maps derived database, the presence
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of the principal lipids class was controlled as performed by
Bang et al. (25). Statistical analysis was performed using a
homemade software named LipoStar that enables feature
extractions from data files (each compound came with its
m/z, RT and peak area), and subsequently patter recognition
analyses with these data (26).

Lipid analysis

To investigate the differences of lipid content species
between cancer and control samples, a consensus principal
component analysis (CPCA) model was established to
analyses the data. CPCA is an unsupervised clustering
method employed here to gain insight into the nature of the
multivariate data matrix. CPCA identifies and ranks major
sources of variance within data set and allows similarity
clustering of biological samples into groups based on
experimental measured parameters.

CPCA was introduced as a method for comparing
specified lipid classes and searching for trends that explain
as much as of the variation as possible (27). The CPCA
multiblock method allows comparison of the different block
of variables to show their relative importance; thus each block
starts with the same variance irrespective of its size (28).

Normalization of lipidomics data

According to a recent review, in lipidomics studies internal
standards can be differently used based on the aim of
the investigation (29). They can be added prior to the
extraction (to control possible lower recoveries of specific
lipids), or they can be part of the extraction solvents (to
monitor the resolubilization process). Alternatively, internal
standards can be added just prior to LC-MS analysis to
monitor instrumental reproducibility. In the present study,
the dicetyl phosphate standard was used to monitor the
re-dissolution of the samples after the extraction process
and the instrumental reproducibility (22). This is indeed
a prerequisite of statistical multivariate analysis where the
same lipid is compared among all samples, and potential
errors due to signal saturation are removed.

Results
Evaluation of the isolated virosomes

The analysis of the particles presents in the voided urine
and from the cell cytoplasm showed low protein and nucleic
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Figure 1 Urinary lipid species extracts from a control and a patient sample obtained by LC/MS analysis. Each sample was analyzed both in

positive and negative ion mode for the detection of different lipids groups. POS, positive; NEG, negative.

acid content and a large amount (98%) of phospholipid in
both the control group and the patients (10). The nucleic
acid content was lower in the patient group, but the
difference was not significant and was not confirmed by the
cytoplasmic results. The similarity of the results obtained
by voided urine with that obtained from cells cytoplasm
demonstrates that the lipid presence derives from the cells
and not by kidney filtration or other sources.

The great presence of lipids in virosomes particles is
a particular aspect; results obtained from the analysis of
virosomes isolated from lymphocytes showed lipid fraction
of only 19.9% and an increase of nucleic acids (10,14).

The lipids were practically absent in the small sediment
obtained after ultracentrifugation of voided urine.

The chromatographic analysis of the phospholipids
presents in the voided urine did not show any significant
difference between the control and patient groups unless a
small increase of the amount of sphingomyelin in the patient
group. The most significative result was the presence of a
large amount of lipid. Preliminary analysis highlighted some
differences in the fatty acids that so indicating the need for a
more detailed analysis of the lipid fraction. For this analysis,
since it was demonstrated that the ultracentrifugation
sediment is unaffluent, we decided to avoid ultracentrifugation
which may cause a biodegradation of lipids.

LCMS analysis of urinary lipids

Samples of urine from controls and patients were analyzed
both in LC/MS positive and negative ionization modes
for the identification of lipid molecules. The EIC plot of
all detected compounds from one control sample and one
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patient sample are shown in Figure 1. From the analysis
of all the samples, after elimination of signal artefacts,
LipoStar detected 460 peaks compatible (from exact
mass and when available from MS/MS spectra) with lipid
molecules. Therefore, the six control and five bladder
cancer samples, saved for less than 1 year, were joined in
a matrix containing 11 samples (called objects) and 460
unknown lipids molecules (named causal variables).

An unsupervised principal component analysis was
performed on this matrix. The score plot (Figure 2A) clearly
illustrates disease-dependent changes in the lipidoses of
samples. It is important to point out that since CPCA is an
unsupervised method, it does a pattern recognition without
being influenced by the nature or information related to
samples. Thus, the CPCA model in Figure 24 indicates
that from the lipid analysis of urine samples it is possible to
discriminate between control and bladder cancer patients
on the basis of certain lipids that vary from control samples.

Lipids highlighted with red and blue in Figure 24 are
those responsible for the differentiation between the two
groups of samples in Figure 24. However, while the red
colored lipids are up regulated in bladder cancer samples,
blue colored lipids are down regulated in bladder cancer
patients. It is obvious to note that the up-regulated lipids in
cancer can be very interesting and may represent potential
biomarkers for bladder cancer. However, in the performed
statistical analysis, lipids are only defined by a m/z value at
a given retention time and in general, these values do not
define unequivocally a single lipid or lipid class. Therefore,
a structural identification of lipid species from urinary
samples was required. The structural determination of each
relevant molecular species (i.e., blue lipids in Figure 2B)

Transl Cancer Res 2017;6(6):1197-1206
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Figure 2 CPCA analysis of the lipid profile of urine data matrix. (A) Score plot of control samples (blue) and bladder cancer (red). The

separation between control and bladder cancer samples is due to the causal variables of the matrix, i.e., is mainly produced by the content of

lipids molecules (red points) (B) in the relative samples; (B) loading plot highlighting the lipids (red) that are present in a greater amount in

bladder cancer samples. Their identification is reported in 7uble 1. CPCA, consensus principal component analysis.
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Figure 3 MS/MS spectra of the ion m/z =878.816 representing
characteristic fragment ions to support the identification of TAG
52:1. (A) One of the three positional isomers of identified TAG
(relative position of chains may vary); (B) the MS/MS spectrum
shown is obtained at a retention time of 17.18 min during LC
separation. A lipid with m/z =878.8168 was structurally identified as
the ammonium adduct of a triacylglycerol (TAG 52:1). The MS/MS
fragments with m/z 577.5194, 579.5340 and 605.5516 correspond
to the stearic, oleic and palmitic lipid chains respectively, being
generated by the ions [M+NH4+(RxCOOH+17)]+. An additional
ten fragments for the ammonium adduct and five fragments for
the corresponding sodium adduct confirmed the presence of these
chains (Table 1).

was obtained by considering the characteristic fragments of
MS/MS spectra when available (Figure 3). The procedure is
exemplified in Figure 3 and Table 1.

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

Such a procedure was automatically performed by
LipoStar software for all the relevant lipids of Figure 2B and
among the 150 lipids selected from the loadings plot, was able
to automatically identify about 50% of them relying on the
exact mass, isotopic pattern, adduct analysis and MS/MS data
(Table 2). This subset of lipid variables was mainly composed
of triacylglycerols, alkyl diacylglycerols, cholesteryl esters
and one sphingomyelin. Their presence cannot be explained
by the diet, since there is no difference respect to the control
and no specific diet are used by patient.

Very high doses of TGs 50:1, 50:2, 52:2, 52:3, 52:4, 54:3,
54:4 were noted in cancer patients respect to controls (values
reported in Tuble 2; Figure 4A).

In addition, the identification analysis showed that the
five identified cholesterol esters were in average three times
more abundant in bladder cancer samples respect to controls
(Figure 4B) and that palmitoyl-sphingomyelin was about four
times more abundant in bladder cancer samples respect to
control samples. The identity of a compound is obtaining
checking the RT value and the MS/MS fragmentation
signals, as reported Goracci ez al. (30). As reported in Table 2,
this untargeted approach did not pretend to identify each
single lipid, but to monitor possible relative increase or
decrease of lipid molecules relatively to the samples. Thus,
lipid identification was obtained by MS, RT and MS/MS
data. For example, in Tuble 2 TG are listed as sum-
compositions, meaning that they were identified based on
the chain fragments, but positional isomers could not be
distinguished. For steryl esters, structures were identified,

Transl Cancer Res 2017;6(6):1197-1206
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Table 1 MS/MS fragments used for the identification of lipid with
m/z 878.816

Fragment (m/z) Adduct Description

577.5194 [M+NH,]+ [M+NH,+(R,COOH+17)]+
579.5340 [M+NH,]+ [M+NH,+(R;COOH+17)]+
605.5516 [M+NH,]+ [M+NH,+(R;COOH+17)]+
265.2524 [M+NH,]+ R;COOH -OH

239.2369 [M+NH,]+ R,COOH -OH

267.2665 [M+NH,]+ R,COOH -OH

341.3068 [M+NH,]+ R,COOH +C;3H:;0

109.1008 [M+NH,]+ Chain re-arrangement
313.2725 [M+NH,]+ R;COOH +C;Hs0

221.2261 [M+NH,]+ R,COOH —-OH-H,0O
339.2869 [M+NH,]+ R;COOH +C;3H:;0

247.2408 [M+NH,]+ R;COOH —-OH-H,0O
249.2576 [M+NH,]+ R,COOH —-OH-H,0O
579.5341 [M+Na]+ [M + NH, + (R;COOH+17)]+
605.5517 [M+Na]+ [M + NH, + (R,COOH+17)]+
601.5168 [M+Na]+ M- R;COOH +Na
599.4986 [M+Na]+ M- R,COOH +Na
627.5338 [M+Na]+ M- R,COOH +Na

although the eventual position of insaturation in the chain
was not distinguished. We could not distinguish between
alkyl diacylglycerols and 1-alkenylacylglycerols in Tible 2.

Model validation

In order to validate the procedure and the pattern
recognition method developed, urinary lipid extracts
from five healthy persons and five bladder cancer patients
collected a few months earlier, the training samples,
were characterized using exactly the same technique and
parameters used in the training condition. At the same time,
urinary lipid extracts from several patients collected some
years before the training were also characterized. The new
lipid extract groups were then merged in a new test-set
matrix, peak area normalized by the same internal standard
used in the training session. As before, three measurements
were performed both for positive and negative ion modes
of MS and joined together in a unique sample. Prediction
of sample property (control or bladder cancer) was made
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by projection of the new matrix into the CPCA model
discussed before. LipoStar software was utilized for
property prediction (26).

The test set samples distance to the CPCA model of the
training set reported before was displayed using a Coomans
plot (31). Figure 5 demonstrates the Coomans plot for
the classification of the new matrix of urine samples. The
Mahalanobis distance is a useful way to determine the
similarity or dissimilarity of a set of values from unknown
samples to a set of values measured from a collection of
known samples.

The Coomans plot clearly shows that the new test-set
matrix is separated into three groups of samples. One group
of samples (violet points) is positioned in the control region.
Therefore, the predicted property for those patient-samples
is extremely similar to those of the control in the training
set. Vice versa one group of samples (magenta points) is
positioned in the bladder cancer region. Therefore, the
predicted property for these patient-samples is extremely
similar to those of the bladder cancer patients. These points
are correctly predicted and represent samples collected
a few months before the training experiment model.
However, it is noted that the majority of samples (reported
in green and black colors) are more inclined toward the
corner on the right side of the plot, indicating longer
distances from both the control and bladder cancer patients.
For these patients highlighted in green and black, the urine
shows a different profile from the two-modelled class and
therefore, for these last samples, a correct classification is
not possible. This could happen when the biomatrices of
training and tests are different, i.e., are obtained in different
conditions, or are adulterated by external factors, or are
polluted by biomolecules or by blood. Since the green and
black points refer to samples collected more than 12- and
24-month before the training experiments, it could probably
be that the urine samples, although correctly conserved at
-80 °C, were altered by several bio transformations with
a subsequent lipid profile modification. Overall, in this
study, the CPCA model correctly classified 100% of all new
control samples, but failed to classify ‘old’ samples, meaning
that, at least for bladder cancer, classification from urine
samples is possible only for samples in training and test
collected in a close proximity of time.

Discussion

Previous studies on genomics, transcriptomics and
metabolomics have failed to identify particular signatures

Transl Cancer Res 2017;6(6):1197-1206
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Table 2 Identified urinary lipid species up regulated in bladder cancer samples and identified by LC/MS, by retention time, relative adduct and
abundance with respect to the control for the most relevant ones. This analysis allowed the identification of T'Gs that are actually increasing with
bladder cancer

Lipid class Sum composition m/z RT Adduct Higher than control
Triacylglycerols 50:4 844.7398 13.73 [M+NH,]+

Triacylglycerols 44:0 768.7084 13.75 [M+NH,]+

Triacylglycerols 46:1 794.724 14.07 [M+NH,]+

Triacylglycerols 45:0 782.7239 14.28 [M+NH,]+

Triacylglycerols 48:2 820.7394 14.36 [M+NH,]+

Triacylglycerols 52:4 872.7709 14.55 [M+NH,]+ 682-fold
Triacylglycerols 46:0 796.7398 14.84 [M+NH,]+

Triacylglycerols 47:0 810.7549 15.38 [M+NH,]+

Triacylglycerols 50:2 848.7711 15.38 [M+NH,]+ 99-fold
Triacylglycerols 56:6 924.816 15.45 [M+NH,]+

Triacylglycerols 52:3 874.7867 15.46 [M+NH,]+ 174-fold
Triacylglycerols 54:4 900.8023 15.67 [M+NH,]+ 268-fold
Triacylglycerols 48:0 824.7706 15.92 [M+NH,]+

Triacylglycerols 56:5 926.8172 16.01 [M+NH,]+

Triacylglycerols 50:1 850.7865 16.15 [M+NH,]+ 105-fold
Triacylglycerols 52:2 876.8026 16.35 [M+NH,]+ 168-fold
Triacylglycerols 49:0 838.7858 16.45 [M+NH,]+

Triacylglycerols 54:3 902.8183 16.55 [M+NH,]+ 439-fold
Triacylglycerols 56:4 928.8336 16.74 [M+NH,]+

Triacylglycerols 52:1 878.8168 17.18 [M+NH,]+

Triacylglycerols 56:3 930.8491 17.52 [M+NH,]+

Triacylglycerols 53:1 892.8325 17.68 [M+NH,]+

Triacylglycerols 54:1 906.8467 18.07 [M+NH,]+

Triacylglycerols 56:2 932.8646 18.24 [M+NH,]+

Triacylglycerols 58:2 960.8957 18.78 [M+NH,]+

Alkyl diacylglycerols 42:0 726.6978 13.21 [M+NH,]+

Alkyl diacylglycerols 57:8 925.764 17.35 [M+Na]+

Alkyl diacylglycerols 52:1 864.8285 18.41 [M+NH, ]+

Cholesteryl ester 20:4 690.619 13.69 [M+NH,]+

Cholesteryl ester 16:1 640.6032 14.14 [M+NH,]+

Cholesteryl ester 18:2 666.6195 14.33 [M+NH,]+

Cholesteryl ester 16:0 642.6163 15.27 [M+NH,]+

Cholesteryl ester 18:1 668.6346 15.43 [M+NH,]+

Palmitoyl sphingomyelin SMd16:1/16:0 674.5363 5.77 [M+H]+
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related to bladder cancer (8,10).

Conversely, the lipidomic approach in urine biofluid has
demonstrated the potential to provide a comprehensive
understanding of lipid fingerprints in bladder cancer
determination. Here, more than 150 lipid molecules were
profiled to investigate global differential changes in lipid
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composition following bladder disease. Application of sound
data pre-treatment (LipoStar), innovative multivariate
statistical analysis, such as CPCA, followed by an automatic
lipid identification approach helps the identification of
correlations in lipids that are associated with a physiological
phenotype. Moreover, a lipid-based biomarker for bladder
cancer was obtained, relating differential changes in the
abundances of particular lipids species with cancer samples.
This study clearly shows that bladder cancer patients have a
large accumulation of certain lipids in their urine.

As regard the possible role of these lipids modifications
in tumor cells we can make at moment only speculative
hypothesis.

Lipids have numerous functions, like chemical energy
storage, but also cellular signalling, cell communications.
All these processes are strongly related to carcinogenesis
pathways, particularly to transformation, progression, and
metastasis (12). Phospholipids regulates many functions
related signal transduction, post-translational modifications,
homeostasis, adhesion, migration, apoptosis (32-35). They
are altered in many neoplastic diseases (36).

They may be also regulated by micro-RNAs which have
the capability to control the expression of genes. Recently
it was demonstrated, principally in the liver, that micro
RNA is a post-transcriptional regulators of gene involved in
cholesterol homeostasis and fatty acid oxidation (37).

It is also known how lipids may contribute to
controlling cellular function through chromatin (38). The
presence of lipids in chromatin has been demonstrated,
also their role (39,40).

The fact that the increase in fatty acids is demonstrated
in virosomes particles, which are secreted from the cells in
body fluids suggests that the modifications may be in the
chromatin lipids which may alter the gene expression and
the cells proliferation. In fact the composition of virosomes
lipids is similar to that of chromatin (14). The possibility of
using these results for a simple diagnostic test will permit
frequent and not invasive and expensive analysis. Cystoscopy
is invasive and cannot repeat frequently. Urine cytology is
useful in invasive tumor, but in low grade carcinoma, as that
used in this research the cells present in the urine are few
and may be confused with inflammatory cells (10). In our
case the urine cytology was positive only in 30% of patients
whereas the test indicates the presence of tumor in 100%
of patients examined. Therefore this test may be useful in
initial tumor diagnosis and in the recurrence since it can be
repeated frequently.
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Conclusions

Our results demonstrate that LC/MS along with
multivariate statistical analysis can be utilized to distinguish
lipid species with altered concentrations from normal
urine samples compared to bladder cancer urine samples.
Although the present work was made with a limited number
of samples in training (11 samples) and in a validation test (10
samples) it provides a guideline to screen potential markers
that, in the future, could be used as target molecules for
high-speed scanning of a large number of patients. From
this study, more than thirty lipid species are proposed as
possible target biomolecules for bladder cancer. It was also
evident that only samples conserved for less than 1 year
must be used for a correct classification.
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