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Abstract The relationship between plasma levels of total

phospholipids (PL) and/or PL fractions and neoplastic

diseases are not fully understood. Therefore, the aim of this

study was to analyze concentrations and distribution of

plasma phospholipids in patients with prostate cancer

(PCa) related to the Gleason score, clinical stage and

pathologic grade of prostate cancer. We analyzed plasma

phospholipids in 57 newly diagnosed, untreated PCa

patients and in 43 age-matched healthy male subjects.

Significantly lower (P \ 0.01) levels of total plasma PL

and all PL classes were found in PCa patients when com-

pared with healthy subjects. The relative concentrations of

PL fractions were also changed. Further decrease of total

PL and PL fractions was found related to an increase of

clinical stadium, pathologic grade, and Gleason score, with

phosphatidylethanolamine as the most sensitive plasma PL,

the level of which significantly decreased even at the first

stage of PCa. Our results showed an altered plasma PL

profile in PCa patients, which may contribute to monitoring

of the disease progression.
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Introduction

Phospholipids (PL) are major structural components of

cellular membranes which are involved in a diverse array

of functions such as signal transduction and execution of

both cellular proliferation and death programs [1, 2]. PL

are well known for their amphiphilic nature and are surface

active. Alterations in membrane lipid composition have an

impact on a broad range of cellular functions from fluidity,

which in turn affects permeability of membranes, then

transport systems, activity of membrane-bound enzymes to

cell growth, proliferation, and viability [3, 4].

Changes in the distribution and concentration of lipid

molecules can serve as potential biomarkers for various

diseases, including cancer [5]. Because of this potential,

lipidomics research is of interest to determine the relative

changes in composition and concentration of lipids in cells

and also in biological fluids [6]. Quantifying the PL levels

in normal and cancerous tissues and studying their inter-

facial properties may be of benefit in understanding

changes in membrane properties and modulating these

properties for therapeutic benefits. Various studies have

shown that the individual PL and their degradation product

levels in normal and tumor tissues are different and

adversely affect the fluidity of the cell membranes thus

leading to change in membrane penetration properties [7].

Many investigations have also demonstrated the strong

influence of tumor tissue on systemic changes in lipids of

blood plasma, but in spite of this fact, the data on plasma

PL levels and distribution in cancer patients are rather

poor. We have recently reported significantly lower levels

of cholesterol, HDL cholesterol, and total phospholipids in

serum of patients with non-Hodgkin lymphoma and

in prostate cancer patients than in healthy subjects [8].

Sullentrop et al. found that plasma PL concentrations in
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renal cancer cell patients depended on tumor stage and

metastatic spread [9]. A decreased concentration of plasma

PL has been detected in certain hematological cancers and

thyroid carcinoma as well [10–12].

Prostate cancer (PCa) is first in incidence and the second

leading cause of cancer-related mortality in the human

male population with few new and effective therapies [13,

14]. Early detection of prostate cancer is crucial factor in

the prognosis of this disease, and prostate specific antigen

(PSA) level in serum plays one of key roles in diagnosis

and monitoring of PCa [15]. A diagnosis of PCa is usually

confirmed by transrectal ultrasonography (TRUS) biopsy,

and the biopsy result includes the Gleason score (GS) and

indicates the tumor pathologic grade (PG). The Gleason

score, which is a combination of PSA, prostate size, and

clinical stage, represents the aggressiveness of the prostate

cancer and is considered together with PG and stage of the

disease when making decisions about treating PCa and its

prognosis [16]. Regarding our previous results on a

decreased level of plasma PL in prostate cancer patients as

a potential nonspecific prognostic biomarker, the aim of

this study was to determine the concentrations and distri-

bution of plasma PL fractions in patients with PCa and in

matched healthy subjects, depending on clinical stadium,

pathologic grade and Gleason score.

Patients and methods

Eligibility of patients with prostate cancer

The total of 57 adult patients with newly diagnosed

prostate carcinoma (CaP), median age 74 years (range

53–94 years of age) entered the study. All of these patients

had no other malignant disease or a serious chronic disease

and did not receive any therapy at the time of approach.

Serum PSA level (ng/ml) [15, 17] and Gleason score (GS)

[18] were used as important prognostic parameters. Sex-

and age-matched control group was established from 43

apparently healthy male individuals aged 53–86 years

(median age 72 years). None of the subjects in this study

had any indications of cachexia.

All patients were diagnosed with prostate cancer by

transrectal ultrasonography (TRUS) biopsy after abnormal

digital rectal examination findings. The number of biopsy

cores taken ranged from 10 to 12, and biopsy slides were

deciphered by a pathologist to confirm the diagnosis of

prostate cancer and Gleason score. Biopsy results included

the number and length of cores taken, Gleason score of

positive cores, location and tumor length in positive cores.

The 2002 TNM staging system of the American Joint

Committee on Cancer (AJCC) was used for clinical staging

[19], and the patients were divided into 4 groups: clinical

stage (CS) I (n = 8 patients), CS II (n = 21), CS III

(n = 14) and CS IV (n = 14). In addition, pathologic

grade of tumor in all patients was also determined and

patients were grouped into four groups depending on the

PG. There were 14 patients with PG 1, 23 patients with PG

2, 17 patients had PG 3, and only 3 patients were classified

as PG 4. Furthermore, according to the Gleason score,

patients were divided into 2 groups: 25 patients with GS\7

and 32 patients with GS C7.

All patients and control subjects had body mass index

between 20 and 30 kg/m2. All study participants provided

written informed consent, which was approved by the

Ethical Review Boards of the participating institutions in

accordance with the principles of the Declaration of

Helsinki.

Analytical methods

Concentration of serum prostate specific antigen was

determined using a commercial kit IRMA-PSA (INEP,

Zemun, Serbia) [20]. The total PL concentration in plasma

was determined by the Zilversmit method [21]. Plasma

lipids were extracted with chloroform–methanol mixture

(2:1v/v) as we previously described [4]. The PL fraction

was isolated from the extracted lipids by one-dimensional

thin-layer chromatography (TLC) in a neutral solvent

system (petrol ether-diethyl ether-acetic acid; 87:12:1v/v)

on Silica Gel GF plates (Merck, Darmstadt, Germany).

Four fractions of PL were identified in plasma: lysophos-

phatidylcholine (LPC), sphingomyelin (SM), phosphati-

dylcholine (PC) and phosphatidylethanolamine (PE). The

other classes of PL which are also present in plasma were

not detected by TLC and were not examined in this paper;

thus, the relative concentrations of PL classes were

expressed as percentages of total PL identified in this study,

as described previously [22, 23].

Statistical analysis

All the results are expressed as the mean ± SD. Normality

was tested using the Kolmogorov–Smirnov test. Since all

variables showed normal distribution, one-way ANOVA,

followed by the Tukey post hoc test, and the Student t-test for

the comparisons between two groups (Tables 1, 4) were used.

The differences were considered significant at P B 0.05.

Results

The levels of total PL and PL classes, as well as relative

concentrations of PL classes in plasma of prostate cancer

patients and healthy subjects are presented in Table 1.

Patients with PCa had significantly lower absolute
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concentration of total PL and all PL fractions. Furthermore,

the distribution of PL classes was different between the

patient and control groups. Thus, the relative concentra-

tions of LPC and PE were significantly lower (P \ 0.001),

while percentage of phosphatidylcholine was significantly

higher in plasma of PCa patients as compared with healthy

persons.

When we divided patients according to clinical stadium

into 4 groups (CS I-CS IV), we found a decrease in level of

total PL and in all PL fractions from CS I to CS IV, which

was significant in CS III and CS IV when compared with

CS I and II. Although there were no significant difference

neither between CS I and CS II, nor between CS III and IV

in any fractions of PL, the lower clinical stadiums I and II

significantly differed from CS III and IV. However, when

we compared the distribution of PL classes according to

CS, we did not find any statistically significant differences

(Table 2).

The similar distribution of PL fractions was found when

we grouped patients according to pathologic grade into 4

groups, with no significant difference among percentages

of PL classes. The level of total PL and PL fractions also

showed a decreasing trend, even though we found slightly

higher values of total PL, LPC, PC, and PE fractions in

plasma of patients with PG 4 than in group with PG 3

(P [ 0.05). The levels of all PL were significantly different

in PG1 as compared with the other three PG, with an

exception of PE, which was similar in all groups. In

addition, we found significantly higher concentrations of

SM and PC in PG2 group than in PG3, while SM was also

higher in PG2 than in PG 4 group (Table 3).

Furthermore, our patients with GS C7 had significantly

reduced levels of total PL and all PL fractions than patients

with GS \7 (Table 4), while the GS did not affected the

distribution of PL fractions.

Discussion

We quantified the plasma phospholipids in patients with

prostate cancer and in healthy subjects and established

significant alterations in systemic PL metabolism in

patients with PCa. Our phospholipid quantification

revealed lower levels of all PL fractions in patients group,

with PC as the major PL in plasma of both groups, but the

proportion of PC in total PL was higher in PCa patients

than in healthy subjects. It should be noticed that results

expressed as concentrations and those calculated on a

percentage weight may lead to different conclusions [24],

and that concentrations are more accurate reflections of

changes than are percentage calculations [25]. However,

distribution of PL fractions is often altered in diseases, and

many functional disturbances may be related to changes in

PL distribution [22].

The alterations in PL profile can be assumed to be a

result of tumor metabolism and systemic tumor effects.

Tumor growth is associated with phospholipid/tumor

membrane metabolism and can lead to systemic changes in

the systemic PL distribution [11]. The precise mechanisms

underlying the alteration in PL metabolism after malignant

transformation are yet to be delineated. One of the possible

explanations assumes that the metabolic changes associ-

ated with cancer might be caused by an increased rate of

PL metabolism and by the faster cell replication of cancer

cells in comparison with normal tissue, which lead to a

higher demand for PL than that needed for normal growth

[12]. However, Ackerstaff et al. showed that this expla-

nation was at least plausible by experiments on cell culture,

suggesting that the mechanisms should be further investi-

gated [26]. Our results are consistent with previously

published results of other studies showing an altered lipid

metabolism in patients with hematological cancer [27–29]

and other malignant diseases [9, 11, 12]. All authors

reported significantly reduced concentrations of total PL in

cancer patients than in healthy persons. Moreover, Murphy

et al. [30] demonstrated that low plasma level of PL had

been associated with approximately twofold shorter sur-

vival in cancer patients, giving this parameter a prognostic

significance.

Furthermore, we examined the levels of PL fractions in

control group and in patients in relation to the most

important clinical factors that are associated with the

aggressiveness, treatment, and prognosis of prostate can-

cer: the Gleason score, clinical stage, and PG. Thus, we

divided our patients according to these parameters and we

found a decrease in concentrations of all PL classes from

Table 1 Levels of total plasma PL and PL fractions (mmol/l) and

relative concentrations of PL fractions in patients with prostate cancer

and in healthy subjects

PCa (N = 57) Control (N = 43)

Total PL (mmol/l) 2.16 ± 0.50b 2.87 ± 0.28

LPC (mmol/l) 0.30 ± 0.12b 0.48 ± 0.08

SM (mmol/l) 0.50 ± 0.13b 0.70 ± 0.10

PC (mmol/l) 1.19 ± 0.32a 1.69 ± 0.16

PE (mmol/l) 0.16 ± 0.06b 0.31 ± 0.05

LPC (%) 13.5 ± 3.76b 16.75 ± 2.42

SM (%) 23.72 ± 3.58 24.30 ± 3.50

PC (%) 55.13 ± 6.8b 48.21 ± 4.58

PE (%) 7.59 ± 3.01b 10.75 ± 1.10

All parameters are shown as mean ± SD

PL total phospholipids, LPC lysophosphatidylcholine, SM sphingo-

myelin, PC phosphatidylcholine, PE phosphatidylethanolamine,

PCa patients with prostate adenocarcinoma
a P \ 0.01, b P \ 0.001
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lower to higher stages. The only exception is PG 4 with PL

levels slightly higher than PG 3, but it could be explained

with very small number of patients (only 3 patients).

Additionally, we did not find any significant difference

between CS I and II, as well as between CS III and IV,

while plasma PL levels in patients with PG 1 significantly

differed not only from PG 3 and 4, but also from PG 2.

In order to examine the potential of PL fractions as

nonspecific biomarkers, we compared PL fractions in

patients at the beginning of the disease (CS I and PG 1)

with the control group, and only the concentration of PE

was significantly lower in patients with CS I and PG 1 than

in healthy subjects (data not shown). These results suggest

that the level of decrease in the PL concentrations is linked

not only to the occurrence of cancer in the prostate, but

also to the stage of the disease. Although PE was present

in plasma PL measured in this study in the lowest

Table 2 Absolute (mmol/l) and relative (%) concentrations of total plasma PL and PL fractions in PCa patients according to clinical stadium

(CS)

CS I (N = 8) CS II (N = 21) CS III (N = 14) CS IV (N = 14)

Total PL (mmol/l) 2.64 ± 0.52 2.44 ± 0.39 1.93 ± 0.32a,b 1.70 ± 0.50a,b

LPC (mmol/l) 0.40 ± 0.13 0.34 ± 0.12 0.24 ± 0.09c,d 0.22 ± 0.07c,d

SM (mmol/l) 0.64 ± 0.16 0.56 ± 0.08 0.48 ± 0.08a,f 0.39 ± 0.07a,b

PC (mmol/l) 1.40 ± 0.43 1.35 ± 0.28 1.06 ± 0.27e,f 0.97 ± 0.17c,d

PE (mmol/l) 0.19 ± 0.07 0.18 ± 0.05 0.14 ± 0.06e,f 0.13 ± 0.05e,f

LPC (%) 14.97 ± 4.08 14.05 ± 3.24 12.41 ± 4.23 12.98 ± 3.69

SM (%) 23.86 ± 5.25 23.65 ± 2.76 24.92 ± 3.25 22.80 ± 3.57

PC (%) 52.52 ± 10.36 54.85 ± 4.94 54.73 ± 8.01 56.83 ± 5.42

PE (%) 7.29 ± 2.63 7.58 ± 2.41 7.01 ± 3.71 8.02 ± 3.32

All parameters are shown as mean ± SD. Other abbreviations as in Table 1
a P \ 0.001 compared with CS I, b P \ 0.001 compared with CS II, c P \ 0.01 compared with CS I, d P \ 0.01 compared with CS II,
e P \ 0.05 compared with CS I, f P \ 0.05 compared with CS II

Table 3 Absolute (mmol/l) and relative (%) concentrations of total plasma PL and PL fractions in PCa patients according to pathologic grade

(PG)

PG 1 (N = 14) PG 2 (N = 23) PG 3 (N = 17) PG 4 (N = 3)

Total PL (mmol/l) 2.75 ± 0.48 2.19 ± 0.24a 1.71 ± 0.23a,b 1.75 ± 0.20a,c

LPC (mmol/l) 0.41 ± 0.14 0.28 ± 0.09d 0.22 ± 0.08a 0.26 ± 0.07d

SM (mmol/l) 0.62 ± 0.13c 0.52 ± 0.08 0.42 ± 0.08a,c 0.35 ± 0.07a,c

PC (mmol/l) 1.54 ± 0.37 1.22 ± 0.16a 0.93 ± 0.17a,b 0.99 ± 0.05d

PE (mmol/l) 0.18 ± 0.04 0.16 ± 0.06 0.14 ± 0.05 0.19 ± 0.08

LPC (%) 15.00 ± 3.73 12.92 ± 3.51 12.81 ± 3.77 15.17 ± 4.90

SM (%) 23.20 ± 4.28 24.08 ± 2.55 24.47 ± 3.62 20.29 ± 4.3

PC (%) 54.98 ± 8.26 55.81 ± 5.82 54.13 ± 6.55 53.38 ± 9.94

PE (%) 6.75 ± 2.87 6.92 ± 2.37 8.29 ± 2.86 11.16 ± 5.83

All parameters are shown as mean ± SD. Other abbreviations as in Table 1
a P \ 0.001 compared with PG I, b P \ 0.001 compared with PG II, c P \ 0.05 compared with PG II, d P \ 0.01 compared with PG I

Table 4 Absolute (mmol/l) and relative (%) concentrations of total

plasma PL and PL fractions in PCa patients according to Gleason

score (GS)

Gleason score \7 Gleason score C7

Total PL (mmol/l) 2.54 ± 0.45 1.87 ± 0.30b

LPC (mmol/l) 0.36 ± 0.13 0.24 ± 0.09b

SM (mmol/l) 0.59 ± 0.12 0.44 ± 0.09b

PC (mmol/l) 1.40 ± 0.33 1.04 ± 0.22b

PE (mmol/l) 0.18 ± 0.06 0.14 ± 0.06a

LPC (%) 14.17 ± 3.60 12.97 ± 3.86

SM (%) 23.60 ± 3.91 23.82 ± 3.35

PC (%) 54.87 ± 7.36 55.34 ± 6.44

PE (%) 7.30 ± 2.56 7.82 ± 3.34

All parameters are shown as mean ± SD. Other abbreviations are as

given in Table 1
a P \ 0.05, b P \ 0.001
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concentration, it was the only PL whose concentration

significantly differed between patients with CS I (and/or

PG 1) and healthy subjects, so it seems to be the most

sensitive plasma PL related to development of prostate

cancer. The study in rat hepatoma cells culture has shown

that PE (but not other PL classes) synthesis had been

affected by testosterone [31], but several studies have

reported similar testosterone levels in prostate cancer

patients and in healthy men [32, 33]. Thus, it can be

assumed that decreased concentration of PE in PCa patients

is rather a consequence of disease than an altered hormonal

status, although mechanism underlying these changes

requires further investigations. At the moment we are not

able to compare these results with the data reported on

other malignancies, since the other authors presented the

sum of PE and SM (PE ? SM) because of using another

technique [9, 11, 12, 27], but our preliminary results

demonstrated similar trend in hematological cancers, sup-

porting our hypothesis on the effect of cancer on PE syn-

thesis. Plasma concentrations of SM and PC in our patients

were also decreased when compared with control group, but

this decrease was non-significant at early stages of PCa, and

similar trend was found for LPC. This is in line with the study

by Taylor et al. on patients with different tumors, who found

that LPC plasma level correlated with weight loss and

inflammatory parameters and, therefore, might be a general

indicator of severity of malignant disease [10]. On the con-

trary, Kuliszkiewicz-Janus and Baczynski found signifi-

cantly reduced plasma LPC, unlikely the other PL fractions,

in patients with early stages of different cancers than in

controls [27], while Zhao et al. found low plasma LPC as a

useful biomarker for early stages of colorectal cancer [34].

The relative concentrations of PL showed an altered

distribution of PL classes toward elevation of PC propor-

tion, and reduction of PE and LPC percentages, when

compared with healthy persons. On the other hand, the

relative concentrations of PL fractions did not depend on

CS, PG, and GS, suggesting that occurrence of PCa, rather

than the stage of disease, affects the alterations in distri-

bution of PL fractions. In addition, the influence of other

PL classes, which were not examined in this study, cannot

be ruled out.

In summary, determination of PL concentration in

plasma, as well as PL fractions, can be of interest in

diagnosis and monitoring of prostate cancer. In particular,

level of PE decreases at an early stage of PCa, even though

the serum concentration of PSA in these patients is often

lower than 10 ng/ml; thus, phosphatidyl-ethanolamine may

represent potential biomarker for PCa. Based on the find-

ings of this study, we think that PL status of prostate cancer

patients at the moment of diagnosis and during follow-up

may contribute to monitoring of the disease progression.

Further studies on a larger number of patients are needed to

establish the possible clinical role of measurement of

plasma PL classes in patients with prostate cancer.
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