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Abstract Qualitative and quantitative profiling of six differ-
ent categories of urinary phospholipids (PLs) from patients
with prostate cancer was performed to develop an analytical
method for the discovery of candidate biomarkers by shotgun
lipidomics method. Using nanoflow liquid chromatography–
electrospray ionization–tandem mass spectrometry, we iden-
tified the molecular structures of a total of 70 PLmolecules (21
phosphatidylcholines (PCs), 11 phosphatidylethanolamines
(PEs), 17 phosphatidylserines (PSs), 11 phosphatidylinositols
(PIs), seven phosphatidic acids, and three phosphatidylglycer-
ols) from urine samples of healthy controls and prostate cancer
patients by data-dependent collision-induced dissociation.
Identified molecules were quantitatively examined by com-
paring the MS peak areas. From statistical analyses, one PC,
one PE, six PSs, and two PIs among the PL species showed
significant differences between controls and cancer patients (p
<0.05, Student’s t test), with concentration changes of more
than threefold. Cluster analysis of both control and patient
groups showed that 18:0/18:1-PS and 16:0/22:6-PS were
99% similar in upregulation and that the two PSs (18:1/18:0,
18:0/20:5) with two PIs (18:0/18:1 and 16:1/20:2) showed
similar (>95%) downregulation. The total amount of each PL
group was compared among prostate cancer patients accord-
ing to the Gleason scale as larger or smaller than 6. It

proposes that the current study can be utilized to sort out
possible diagnostic biomarkers of prostate cancer.

Keywords Phospholipids . Quantitative analysis .

nLC–ESI–MS/MS . Urine . Prostate cancer . Biomarker

Introduction

Prostate cancer is now the most common lethal male
malignancy and the second leading cause of cancer-related
death in men in the Western world [1, 2]. Due to the spread of
Western-style diets and the aging of the overall population, the
incidence of prostate cancer is rapidly increasing worldwide
[3]. Clinically, prostate-specific antigen (PSA) levels in blood
sera are commonly screened to diagnose prostate cancer,
which facilitates early detection [1, 3]. While PSA screening
together with digital rectal examination is widely utilized,
both the sensitivity and specificity of PSA screening for
identifying cancer are relatively low [2]. Studies to discover
markers for monitoring prostate cancer using either invasive
or noninvasive processes have identified a few proteins.
Among these, urinary proteins such as annexin A3 [4], basic
human urinary arginine amidase [5], and urinary PSA [6]
have been reported as biomarkers. However, even with
sophisticated mass spectrometric methods, analysis of target
proteins from the urinary proteome remains complicated due
to the abundance of proteins in urine. Metabolomic profiling
can be used as an alternative approach for developing
biomarkers from urine samples. Liquid chromatography–mass
spectrometry (LC–MS) has shown that sarcosine levels
increase in prostate cancer patients [7], and high-resolution
magic angle spinning nuclear magnetic resonance
spectroscopy has shown that total levels of phosphocholine
and glycerophosphocholine are lowered in prostate cancer
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tissue after surgery [8]. Since obtaining a urine sample is easy
and noninvasive, biomarkers for detecting prostate cancer are
in demand in the metabolomic or lipidomic areas.

Phospholipids (PLs) are major components of cellular
membranes and play important roles in cell signaling,
proliferation, and death [9, 10]. PLs have complicated
molecular types due to the combination of six different polar
head groups (choline, ethanolamine, serine, inositol, glycerol,
or hydrogen attached to a phosphate group) with various
lengths and degrees of unsaturation of the acyl chain. PLs are
of increasing interest in lipidomics research because recent
studies have shown that they are candidate biomarkers in
breast cancer tissue [11–13] and in the plasma of ovarian
cancers [14, 15]. Comprehensive qualitative and quantitative
analyses of PLs must be accomplished first to develop viable
candidate biomarkers for these adult diseases. Recent advan-
ces in electrospray ionization–mass spectrometry (ESI–MS)
have led to rapid and highly sensitive analyses of PLs [16,
17], but preliminary separation is still required due to the
complexity of these molecules. High-performance liquid
chromatography (HPLC) coupled to ESI–MS reduces the
ionization suppression effect caused by spectral congestion,
leading to the enhanced identification of PL species [18–21].
With the help of liquid chromatography–electrospray ioniza-
tion–tandem mass spectrometry (LC–ESI–MS/MS), PLs can
be distinguished by their polar heads and their chain lengths
and identified by structures either using a microflow rate [21]
or nanoflow rate regime [22, 23], simultaneously lowering the
detection limit to 2.2 fmol [24]. Recently, it was demonstrated
that 1 mL of human urine can be utilized to extract PLs,
yielding 75 different species by nanoflow LC–ESI–MS/MS
[25], and further applied for the quantitative analysis of
urinary phospholipids from breast cancer patients [26, 27].

In the present study, the shotgun lipidomics method
was utilized to investigate urine samples for potential
phospholipid markers for prostate cancer. Urinary PL
extracts from ten healthy persons and nine prostate
cancer patients were qualitatively characterized using
nLC–ESI–MS/MS with data-dependent collision-induced
dissociation (CID) for structural identification. The two
PL groups (phosphatidylcholines (PCs) and phosphatidyle-
thanolamines (PEs)) were analyzed in positive ion mode of
nLC–ESI–MS/MS and the other four groups (phosphatidic
acids (PAs), phosphatidylinositols (PIs), phosphatidylserines
(PSs), and phosphatidylglycerols (PGs)) in negative ionmode.
Identified PL molecules were quantitatively analyzed by peak
area measurement of nLC–ESI–MS from each individual
sample. Statistical analyses indicated that a few PL species
exhibited significant differences in relative abundances
between control and patient samples. The average concentra-
tion of each PL group from patient samples was compared
according to the prostate cancer status based on Gleason
scales at G≤6 and G>6.

Experimental

Materials and urine samples

Internal standards were added to PL extract samples at
fixed concentrations of 0.5 pmol of 16:0/16:0-PE for the
positive ion mode and 0.2 pmol of 14:0/14:0-PG for the
negative ion mode, obtained from Avanti Polar Lipids Inc.
(Alabaster, AL, USA). The addition of internal standards
was to compensate for possible fluctuations in the MS
signals of each urine sample during the semiquantitative
analysis of each urinary PL species. All solvents used
(H2O, CH3CN, HCOOH, NH4OH, CH3CHOHCH3,
CH3OH, and CHCl3) were of HPLC grade.

Human urine samples for healthy controls (age range
53–67) and prostate cancer patients (age range 68–83 years)
were obtained from Integrated Omics Center, KIST (Seoul,
Korea). Patients with prostate cancer were graded using the
Gleason scale (or G-scale), the common scale used for
grading prostate cancer, with a range of 4–10. The Gleason
scale of each patient was provided together with urine
sample after a histological examination of patient prostate
cells. Extraction of PL species from human urine was done
as previously reported [26]. Briefly, 1 mL of each urine
sample was lyophilized for 12 h to evaporate the liquid
phase; the resulting powder was dispersed with 0.90 mL of
2:1 (v/v) CHCl3:CH3OH by vortexing and then left at room
temperature for 1 h. Next, 0.18 mL of H2O was added,
followed by centrifugation at 15,700×g for 5 min at room
temperature. The lower phase containing lipids was
recovered and dried using a SpeedVac. The extracted lipid
powder was dissolved in CH3OH/CH3CN (1:1) in a final
volume of 500 μL and stored at −20 °C. For nLC–ESI–MS/
MS analysis, this stored lipid solution was diluted to a
concentration of 5.0 μg/μL with CH3OH/CH3CN (9:1), and
the resulting mixture was injected via autosampler.

For nanoflow LC, 75-μm-i.d. capillary tubes (Polymicro
Technology LLC, Phoenix, AZ, USA) were used to create a
homemade RPLC column, with 20- and 50-μm-i.d. capillaries
for connections (all have 360-μm o.d.). The RPLC column
was prepared in our lab by packing reversed-phase resin
Magic C18, 5 μm–100Å (Michrom Bioresources Inc.,
Auburn, CA, USA), into 75-μm-i.d. capillary tubing. Before
packing, one end of the capillary tube was pulled using a
flame to create a sharp needle (tip i.d. ~10 μm) for direct ESI
without an emitter. Then, the pulled tip of the empty column
(17 cm) was packed with a methanol slurry of Magic C18,
under a constant pressure (1,000 psi) of He.

Nanoflow LC–ESI–MS/MS

A model 1200 capillary pump system from Agilent
Technologies (Palo Alto, CA, USA) equipped with an
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autosampler was utilized along with the homemade pulled
tip capillary column that was directly interfaced to an LCQ
Deca XP MAX ion trap mass spectrometer (Thermo
Finnigan, San Jose, CA, USA) for nLC–ESI–MS/MS. At
the inlet of the capillary column, a PEEK microcross
(Upchurch Scientific, Oak Harbor, WA, USA) was
connected; the other three connections were used for pump
flow, a Pt wire for ESI voltage, and a capillary tube (20 μm
i.d., 360 μm o.d.) for venting the split flow, which was

controlled by an on–off valve at the end. This on–off valve
was set to be off during sample loading at a pump flow rate
of 300 nL/min for 10 min. After sample loading, the
gradient elution began at a flow rate of 7 μL/min with the
on–off valve on so that only 300 nL/min of flow was
delivered to the analytical column for separation. This was
to minimize the dwell time during gradient elution. Mobile-
phase solutions for gradient elution were 50/50 (v/v)
CH3CN/dH2O for A and 90/10 isopropanol/CH3CN for B.
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Fig. 1 Base peak
chromatograms of urinary PL
extracts from a control and a
patient sample obtained by
nLC–ESI–MS/MS. Each sample
is analyzed at both a positive
and b negative ion mode of
analysis for the detection of
different PL groups
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Table 1 Identified urinary PL species from control and patient samples by nLC–ESI–MS/MS along with p values from t tests and with the
relative ratio of peak area between patient and control groups

Class Molecular species m/z Control (n=10) Patient (n=9) p value Ratio

Positive ion mode

PC 18:3/18:3 778.9 0.27±0.07 0.50±0.28 0.02 1.83

18:3/20:5 802.9 0.37±0.06 0.57±0.16 0.00 1.53

18:3/18:4 776.8 0.49±0.12 0.76±0.31 0.02 1.55

18:2/14:3 724.6 0.12±0.05 0.13±0.05 0.30 1.10

18:2/18:2 782.5 0.03±0.01 0.04±0.02 0.05 1.45

18:2/14:2 725.9 0.03±0.01 0.04±0.01 0.01 1.67

16:1/16:0 732.9 0.05±0.02 0.03±0.01 0.01 0.69

16:0/20:5 781.4 0.07±0.01 0.05±0.01 0.00 0.71

16:0/20:4 782.5 0.09±0.02 0.06±0.02 0.02 0.73

16:0/18:2 759.1 0.10±0.02 0.56±0.15 0.00 5.52

18:2/18:1 784.9 0.03±0.01 0.03±0.01 0.26 1.11

16:3/18:5 747.1 0.13±0.05 0.09±0.02 0.02 0.69

16:0/16:0 734.8 0.29±0.19 0.10±0.03 0.01 0.36

16:0/18:1 760.8 1.04±0.22 0.73±0.13 0.00 0.70

18:1/18:1 786.2 0.03±0.01 0.17±0.04 0.00 5.12

18:0/18:1 788.8 0.02±0.004 0.08±0.04 0.00 3.26

20:3/18:2 809.1 0.002±0.001 0.02±0.003 0.00 13.24

14:1/20:4 752.6 0.16±0.04 0.17±0.01 0.29 1.04

18:0/20:4 810.8 ND 0.16±0.08 0.00 inf.

20:3/18:0 811.7 0.04±0.02 0.08±0.02 0.00 2.34

16:1/22:1 815.6 0.37±0.10 0.61±0.07 0.00 1.64

PE 18:2/20:4 765.1 0.22±0.05 0.05±0.01 0.00 0.24

16:4/22:4 759.9 0.08±0.02 0.38±0.08 0.00 4.83

18:2/18:2 741.0 0.05±0.01 0.15±0.04 0.00 2.91

18:1/20:4 766.6 0.07±0.01 0.04±0.01 0.00 0.62

16:0/18:2 716.6 0.18±0.03 0.27±0.09 0.01 1.50

16:0/20:4 740.9 0.25±0.03 0.27±0.04 0.07 1.10

18:1/18:1 744.6 0.09±0.01 0.17±0.02 0.00 1.97

16:0/18:1 719.2 0.19±0.03 0.08±0.01 0.00 0.42

20:1/18:2 770.6 0.08±0.01 0.04±0.01 0.00 0.49

20:4/18:0 769.5 0.06±0.02 0.08±0.02 0.00 1.45

20:1/16:0 747.3 0.07±0.02 0.32±0.09 0.00 4.49

Negative ion mode

PS 18:0/20:5 808.7 3.34±0.96 0.01±0.07 0.00 0.00

18:0/20:4 810.5 2.63±0.62 4.42±3.05 0.12 1.68

16:0/22:6 806.6 ND 0.14±0.13 0.01 inf.

18:1/22:6 832.9 ND 0.61±0.70 0.03 inf.

16:0/18:2 758.8 0.55±0.27 1.03±0.70 0.08 1.88

18:1/18:2 784.9 0.10±0.04 0.30±0.52 0.28 2.93

16:0/20:4 782.5 0.55±1.27 1.35±0.99 0.14 2.45

16:0/18:1 760.6 1.26±0.36 5.28±3.36 0.01 4.20

18:1/18:0 788.5 3.46±1.22 0.76±0.55 0.00 0.22

18:0/22:6 834.6 0.26±0.25 2.40±1.68 0.01 8.08

18:1/18:1 786.7 0.31±0.13 1.80±2.66 0.17 5.27

18:2/18:0 786.8 0.41±0.09 0.82±1.99 0.55 2.01

18:0/20:3 812.6 0.19±0.04 0.90±0.99 0.06 4.71

18:0/22:4 838.7 ND 0.44±0.37 0.01 inf.
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To each mobile-phase solution, 0.1% (v/v) formic acid was
added for the positive ion mode of nLC–ESI–MS/MS
analysis, and 0.05% NH4OH was added for the negative ion
mode. During nLC–ESI–MS/MS analysis of urinary PL
extracts, a gradient elution began at 100% mobile phase A,
was ramped to 55% mobile phase B over 1 min after
sample loading, and then was linearly increased to 90% of
B over 90 min for the positive ion mode or over 60 min for
the negative ion mode. Injection amounts of urinary lipid
extract were 15 μg for the positive ion mode and 5 μg for
the negative ion mode. ESI voltages were 2.5 and 3.0 kV
for the positive and negative ion modes of analysis,
respectively. MS ranges for the precursor scan were m/z
660~900 (positive ion mode) and 660~940 (negative ion
mode). To achieve CID, the data-dependent MS/MS analysis
mode was used for three prominent ions from each precursor
scan under 40% (positive) or 45% (negative ion mode)
normalized collision energies. Peak areas of each individual
PL molecule from the precursor scan of each urine sample
were extracted and divided by the peak area of an internal
standard. The resulting peak area ratio was used for

comparisons of the control and patient samples. For each
sample, three measurements were carried out both for positive
and negative ion modes of MS. For statistical treatments,
Minitab 15 software (http://www.minitab.co.kr) was utilized.

Results and discussion

Identification of PL species from urinary samples

PL mixtures extracted from human urine samples were first
analyzed by both positive and negative ion modes of nLC–
ESI–MS/MS for the identification of PL molecules. These
tests were carried out for all samples including control and
prostate cancer patient samples. The base peak chromato-
grams (BPCs) of one control sample and one patient sample
obtained by nLC–ESI–MS/MS (along with the internal
standard peak marked with star) are shown in Fig. 1. PCs
and PEs were characterized at positive ion mode, and PIs,
PAs, PGs, and PSs were characterized at negative ion
mode. Structural determination of each molecular species

Table 1 (continued)

Class Molecular species m/z Control (n=10) Patient (n=9) p value Ratio

18:0/18:1 788.6 2.24±0.64 36.48±28.06 0.01 16.30

18:1/20:0 816.8 0.07±0.03 1.12±0.83 0.00 15.38

22:1/18:1 842.8 0.05±0.05 0.58±4.38 0.72 11.38

PI 16:0/20:4 857.7 0.99±0.43 0.76±0.48 0.28 0.76

16:1/20:2 859.6 2.68±1.20 0.52±1.40 0.00 0.19

16:0/18:1 835.9 0.12±0.03 0.60±1.09 0.27 4.49

18:6/22:0 909.8 0.11±0.03 0.40±0.37 0.05 3.57

18:0/20:4 885.5 1.77±0.56 10.54±7.83 0.01 5.97

18:0/20:3 887.5 0.74±0.26 1.28±2.68 0.56 1.74

18:0/18:1 863.9 1.94±0.82 0.60±0.25 0.00 0.28

18:0/18:2 861.9 1.58±0.32 1.20±2.76 0.69 0.76

20:5/22:1 937.6 4.17±1.63 1.40±1.68 0.00 0.31

20:2/20:2 913.9 0.52±0.43 0.48±1.19 0.93 0.92

20:2/20:1 915.1 4.91±1.05 8.07±15.08 0.55 1.64

PG 18:0/14:3 715.7 3.43±0.46 19.43±12.04 0.00 5.66

20:0/16:2 772.7 2.05±0.91 0.74±0.32 0.00 0.36

16:2/20:4 766.7 1.80±0.61 0.83±1.00 0.02 0.46

PA 20:4/18:0 723.3 0.91±0.32 1.57±1.91 0.33 1.73

22:6/18:0 747.1 ND 0.87±0.89 0.02 inf.

22:6/20:1 772.9 ND 0.72±0.40 0.00 inf.

20:4/20:1 749.3 4.07±2.16 6.61±3.76 0.09 1.62

18:1/18:0 701.5 1.32±0.62 0.40±0.27 0.00 0.30

20:4/20:0 751.5 0.84±0.49 1.06±1.13 0.60 1.27

18:2/20:0 727.7 1.41±0.74 0.22±0.20 0.00 0.16

Each peak area represents the relative value to the area of the internal standard. Candidate markers are marked in bold characters.

ND not detected, inf infinite
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was obtained by the characteristic fragment ion spectra
during data-dependent CID. The MS spectra shown (left
panel of Fig. 2) are the MS spectrum obtained at a time
slice of 12.76 min during nLC separation (Fig. 1b, control
sample), showing two prominent ion peaks [M-H]−, at m/z
760.8 and 834.6. The CID spectra of the ions at m/z 760.8
(right panel of Fig. 2) along with ions [M-H-87]− at m/z
673.9 show a loss of the serine head group (C3H5NO2,
87 Da), with fragment ions [M-H-87-R1COOH]

− and
[M-H-87-R2COOH]

− at m/z 418.2 and 392.0, respectively,
representing the loss of each acyl chain as a form of
carboxylic acid. The loss of acyl chains as a form of
ketene, [M-H-R2′CH=C=O]

−, was seen at m/z 409.6,
along with free fatty acid of acyl chains as carboxylate
anions, [R1COO]

− at m/z 255.6 and [R2COO]
− at m/z

281.8. With the characteristic fragment ions, the CID
spectra of the molecular ion m/z 760.8 resulted in the
identification of 16:0/18:1-PS, and likewise, the ion m/z
834.6 was found to be 18:0/22:6-PS. A simple example
demonstrating how to characterize each PL molecule at

negative ion mode of nLC–ESI–MS/MS is shown in
Fig. 2, where 15 μg of the total lipid extract sample was
injected for positive ion mode analysis and 5 μg was
loaded for negative ion mode. Since urinary lipid extracts
contain many nonpolar materials including cholesterol,
triglycerides, and other lipid molecules, normal injection
amounts of urinary lipid extract require a higher amount
(three to five times) than tissue samples, as shown in our
previous experiments [22, 23]. From qualitative analysis
of urinary PLs, 21 PCs and 11 PEs were identified from
positive ion mode, and 17 PSs, 11 PIs, seven PAs, and
three PGs were identified from negative ion mode of
nLC–ESI–MS/MS (Table 1).

Quantitative analysis of PL species between prostate cancer
patients and controls

Concentrations of each PL species were examined by
comparing the peak area of each ion in an nLC–ESI–MS
run. In order to compensate for the fluctuations in MS
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intensities during different runs, peak areas of each individual
PL species were divided by that of an internal standard added
to each sample; the relative peak area to internal standard is
represented in Table 1, with each individual sample being
measured in triplicate. The relative peak area represented the
average value of the control samples (n=10) and of the
patients (n=9) along with the standard deviation values, p
values of the t test accomplished for the control and patient
samples, and the ratio of the average peak area values
(patient vs. control). For PCs and PEs, the molecular species
that showed significant differences by t test (p<0.05) as well
as those with changes in concentration of more than
threefold were 16:0/18:2-PC, 18:1/18:1-PC, 18:0/18:1-PC,
20:3/18:2-PC, 18:0/20:4-PC, 18:2/20:4-PE, 16:4/22:4-PE,
and 20:1/16:0-PE. While these species showed significant
differences between control and patient samples, the
concentration distribution among each group of samples
(controls or patients) exhibited a broad variation in some
cases. Among these species, few species were selected
for concentration distribution plot in Fig. 3 in which
individual data points showed a clustered result in any
group of sample. For instance, 18:0/20:4-PC was selected
because it was not detected at all in the control samples,
but it did appear in patient samples with relatively
clustered data points for patient group except two out-
lining values in concentration range (Fig. 3a). The
concentration of 18:2/20:4-PE in the patient group
resulted in a fourfold of decrease with some clustering in
concentration distribution (Fig. 3b).

Among the PLs detected in the negative ion mode of
nLC–ESI–MS/MS, nine PSs, six PIs, one PG, and four PAs

show significant differences between the control and patient
groups by t test (p<0.05) with more than a threefold
concentration change. Among these species, eight mole-
cules showing clustered data points either from the control
group or the patient group were plotted (Fig. 3c–j). One
species, 18:0/20:5-PS, was detected in only one patient
sample and showed a clear difference from the control
sample in a concentration distribution plot (Fig. 3). While
16:0/22:6-PS and 18:1/22:6-PS were detected only in
patient samples, the concentration scales of these two
species in the patient group was very small compared with
the changes observed in 18:0/20:5-PS (Fig. 3d–e).
However, 18:1/18:0-PS (Fig. 3f) showed a distinct
decrease in concentration with clustered data points
(narrow concentration distribution) for the patient group,
while its regioisomer, 18:0/18:1-PS (Fig. 3g), exhibited a
narrow distribution for the control group but showed a
large increase in concentration (16.30-fold) in the patient
group with a broad distribution. The relative peak area of
18:0/18:1-PS is the largest among the PS molecules and
all other ions detected in the negative ion mode of nLC–
ESI–MS/MS. Characterization of the 18:0/18:1-PS
regioisomers by nLC–ESI–MS/MS demonstrated opposite
trends in concentration change for the prostate cancer
patient group as compared with the control group; these
data could be a merit of employing nLC separation of PL
extracts. The 18:1/18:1-PS species also showed an
increase similar to 18:0/18:1-PS but with less change in
concentration scale (Fig. 3h). It was also noted that
concentration levels of 16:1/20:2-PI and 18:0/18:1-PI
(Fig. 3i–j) were significantly decreased.

A hierarchical cluster analysis using the single linkage
method was carried out for the ten PL species selected to
detect correlations among individual PL species (Fig. 3).
The resulting dendrogram is plotted in Fig. 4. Among the
ten PL species, 18:0/18:1-PS and 16:0/22:6-PS are ~99%
similar (a simultaneous increase can be seen in Fig. 3).
Secondly, 18:1/18:0-PS and 18:0/20:5-PS exceed 97%

18:0/18:1-PI

16:1/20:2-PI

18:1/18:0-PS

18:0/20:5-PS

18:2/20:4-PE

18:1/18:1-PS

18:1/22:6-PS

18:0/18:1-PS

16:0/22:6-PS

18:0/20:4-PC

49.60 66.40 83.20 100.00
Similarity

Fig. 4 Cluster analysis dendrogram of similarities using a single
linkage method for ten selected PL species

Table 2 Comparison of average peak area of each PL category for
prostate cancer patient groups according to Gleason scales

Average peak area (per person) Ratio

G≤6 G>6
(n=4) (n=5)

PCs 2.03±0.09 7.35±0.27 3.62

PEs 0.75±0.04 2.74±0.15 3.65

PSs 31.42±7.30 79.29±11.24 2.52

PIs 24.79±7.22 6.60±4.53 0.27

PGs 35.98±5.70 2.47±4.81 0.07

PAs 17.70±1.68 3.83±2.24 0.22
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similarity, and 18:0/18:1-PI and 16:1/20:2-PI are above
96%. These two pairs exhibit over 95% similarity, and
all show a decrease in concentration for the patient
group. However, a concentration increase in 18:0/20:4-
PC is not strongly correlated in the four PS species,
which showed an increase pattern in the patient group
(Fig. 3).

The total amount of each PL group was compared
among prostate cancer patients according to the Gleason
scale rating of larger or smaller than 6. The average peak
area of each PL category for G≤6 per patient (n=4
patients) was compared with that for G>6 (n=5) (Table 2).
We found that the average amount of each PC, PE, and PS
group increased by 2.5–3.6-fold in patients having G
scales larger than 6, and the amount of each PI, PG, and
PA group decreased more than fourfold. Though the
number of patient samples examined is not large enough
to predict a certain trend in this study, this result shows
that the PL molecular distribution changes critically upon
the development of prostate cancer.

Conclusions

Our results demonstrate that nLC–ESI–MS/MS along
with statistical analysis can be utilized to distinguish PL
species with significantly different concentrations from
normal in urine samples to patients with prostate cancer.
Although the present work is preliminary with a limited
number of samples (19 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 samples. From this study, ten PL species
are proposed as possible target molecules. Species
showing significant differences in patient samples as
well as those with similarities among species from
cluster analysis are 18:0/18:1-PS and 16:0/22:6-PS for
upregulated cases and 18:1/18:0-PS, 18:0/20:5-PS, 18:0/
18:1-PI, and 16:1/20:2-PI for downregulated cases. For
cases of PL species showing increases for the patient
group, variations in individual concentrations appear to
be relatively large. However, for those showing decreases
in concentration, observed concentration variations for
patient samples were small. Two PS molecules (18:1/
18:0-PS and 18:0/20:5-PS) showed clear decreases in
concentration distribution for the patient group. While
the current study suggests candidate biomarkers for
prostate cancer, there is a possible deviation arising from
the difference in the age groups between healthy and
patient samples. For the confirmation of urinary PL
biomarkers for prostate cancer, a systematic examination
of the proposed PL markers with a larger number of
patient samples are expected.
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