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Abstract

Introduction Serum amyloid A (SAA), secreted group

IIA phospholipase A2 (sPLA2-IIA), and C-reactive protein

(CRP) are acute-phase proteins whose serum concentra-

tions increase not only during inflammatory disorders, but

also in the course of malignant diseases.

Materials and methods In this study we analyzed serum

levels of these inflammatory markers along with prostate-

specific antigens (PSA) in patients with benign prostatic

hyperplasia (BPH, n = 55), localized prostate cancers

(PCa, n = 55), and metastatic prostate cancers (mPCa,

n = 27) using immunological assays.

Results We found that in comparison to healthy individ-

uals (n = 55), patients with BPH, PCa and mPCa have

elevated serum levels of SAA, sPLA2-IIA, and CRP, in

addition to elevated levels of PSA. Significant differences

with respect to inflammatory biomarkers were found

between localized and metastatic PCa (p \ 0.001), sug-

gesting a prognostic value of these parameters. In addition,

serum concentrations of SAA and sPLA2-IIA positively

correlate with CRP in BPH patients (p \ 0.05) and in

patients with PCa and mPCa (p \ 0.001), but not with PSA

levels, Gleason score, or tumor stage, emphasizing a role of

SAA and sPLA2-IIA as circulating biomarkers of inflam-

mation rather than of neoplastic transformation. In contrast

to PSA, which differed significantly between BPH and

localized PCa patients (p \ 0.01), such a difference was

not found for SAA, sPLA2-IIA, and CRP. In order to elu-

cidate whether the elevated levels of SAA and sPLA2-IIA

can be caused by cancer cell-associated synthesis, in vitro

studies were performed. These analyses demonstrated the

expression of SAA and sPLA2-IIA in LNCaP and PC-3

prostate cell lines, which can be further upregulated by pro-

inflammatory cytokines in a cell type-dependent manner.

This might suggest that, in addition to the hepatic origin,

SAA and sPLA2-IIA can also be synthesized and secreted

by prostatic cancer tissue itself.

Conclusion The results of the present study emphasize

the utility of SAA, sPLA2-IIA, and CRP as circulating

biomarkers of inflammation during BPH development and

PCa progression.
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CRP C-reactive protein

ELISA Enzyme-linked immunosorbent assay

GAPDH Glyceraldehyde 3-phosphate dehydrogenase

GS Gleason score

PCa Localized prostate cancer

mPCa Metastatic prostate cancer

PSA Prostate-specific antigen

pT2 Organ-confined tumors

pT3/4 Non-organ confined tumors

ROC Receiver operating characteristic

SAA Serum amyloid A

SEM Standard error of the mean

sPLA2-IIA Secreted phospholipase A2 of group IIA

TBP TATA box binding protein (TBP)

Introduction

Prostate cancer (PCa) remains one of the most common

forms of cancer affecting men today. In Europe, 382,000

new PCa cases were diagnosed and almost 90,000 patients

died from the disease in 2008 [1]. Additionally, benign

prostatic hyperplasia (BPH) is a frequent benign neoplasm

affecting 50–80 % of the aged male population [2, 3]. To

date, prostate-specific antigen (PSA) is the best serum

marker of malignant prostatic disease that has a strong

predictive value. However, there is a need for additional

biomarkers because of the limited diagnostic specificity of

PSA that can distinguish between BPH, prostatitis, and

early stages of PCa [4–6].

Up-regulation of acute-phase proteins such as C-reactive

protein (CRP), secreted group IIA phospholipase A2

(sPLA2-IIA) and serum amyloid A (SAA) is a hallmark of

systemic inflammation [7–9]. A growing body of evidence

suggests an important role of chronic inflammation caused

by bacterial infections, urine reflux, dietary factors, hor-

mones, and autoimmune response in the development and

progression of benign and malignant prostatic disorders [3,

10–12]. As such, serum concentrations of CRP tend to be

higher in patients with cancer than in healthy individuals

[13–16]. The impact of CRP as an additional predictor of

survival and post-treatment monitoring tool was shown in

multiple myeloma, melanoma, lymphoma, ovarian, renal,

pancreatic, prostatic and gastrointestinal tumors [14, 17,

18]. Furthermore, serum and intratumoral tissue levels of

CRP were considered as a prognostic biomarker for

androgen-independent and advanced PCa [12, 16, 18].

Serum levels of sPLA2-IIA were shown to be markedly

elevated not only during inflammatory disorders, but also

in malignant diseases [9, 19, 20]. However, the prognostic

value of sPLA2-IIA is somewhat controversial. On the one

hand, numerous studies reported that sPLA2-IIA is strongly

upregulated in PCa specimens and PCa-derived cell lines

[20–25]. On the other hand, a previous study revealed that

serum levels of sPLA2-IIA are similarly elevated in BPH

and PCa patients, suggesting that increased serum levels of

sPLA2-IIA are not cancer-specific [26].

In comparison to CRP, SAA was found to be more

sensitive for the diagnosis of advanced cancer and may be

helpful for monitoring tumor progression [27–30]. In the

phase of PCa progression, levels of SAA increased up to

500-fold with a decrease towards the normal range in the

phase of remission [31].

In order to evaluate the potential of the inflammatory bio-

markers for diagnosis and discrimination between different

types and stages of prostatic disease, the current study ana-

lyzed serum levels of SAA, CRP, sPLA2-IIA, and PSA in

patients with BPH, localized (PCa), and metastatic PCa

(mPCa). The levels of biomarkers were studied with respect to

their diagnostic performances using receiver operating char-

acteristic (ROC) analysis. To answer the question of whether

acute phase proteins are also synthesized in addition to

hepatocytes in cancer cells, in vitro studies were performed

analyzing the expression of SAA in comparison to sPLA2-IIA

in LNCaP, PC-3 and DU-145 prostate cancer cell lines.

Experimental section

Patients

A total of 117 serum samples originated from four study groups:

healthy individuals (n = 30), patients with BPH (n = 30),

localized PCa (n = 30) and metastasized PCa (n = 27). To

increase the patient sample size for valid statistical analyses,

values of PSA, sPLA2-IIA and CRP from 25 healthy individ-

uals, 25 BPH patients and 25 PCa patients, which were

measured and described previously [26], were additionally

included in this study (Table 1). Among the 55 patients with

localized PCa, 34 patients had organ-confined (pT2) tumors

and 21 patients had non-organ confined (pT3/4) tumors. The

study was approved by the Institutional Review Board.

Cell culture and incubations

The PCa cell lines LNCaP, PC-3, and DU-145 were pur-

chased from the German Collection of Microorganisms and

Cell Cultures (Braunschweig, Germany) and cultured as

described previously [25]. For cytokine stimulation, PCa

cells were seeded into a 24-well plate at a density of

2 9 104 cells per well. After reaching 80 % confluence,

cells were used for cytokine treatment. Cells were cultured

in medium in the presence or absence of IFN-c, IL-1b, IL-6

or TNF-a at a final concentration of 25 ng/mL for 24 h. In

the case of combined treatment with IL-1b and IL-6, both

cytokines were used at a final concentration of 12.5 ng/mL.
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CRP, SAA and PSA assays

Serum levels of CRP and PSA were measured using a

turbidimetric method of agglutinated antigen–antibody

complexes (Roche Diagnostics, Mannheim, Germany, and

ARCHITECT total PSA, Abbott, Wiesbaden, Germany,

respectively). SAA was measured using enhanced nephe-

lometric latex SAA assay on Behring Nephelometer II

analyzer (Dade Behring Diagnostics, NY, USA).

ELISA-based measurement of serum sPLA2-IIA

Serum concentrations of sPLA2-IIA were measured using

an sPLA2-IIA-specific ELISA kit (Cayman Chemical, MI,

USA) according to the manufacturer’s protocol. Prior to

analysis, all serum samples were diluted 10-fold. Absor-

bance of reaction products was measured at 405 nm on a

Victor3 1420 Multilabel Counter reader (Perkin-Elmer

LAS GmbH, Germany). Concentrations of sPLA2-IIA were

calculated using standards included in the ELISA kit and

software supplied with Victor3.

RNA extraction and RT-quantitative PCR analysis

RNA was isolated after lysis of cells in TRI reagent

(Sigma-Aldrich, Deisenhofen, Germany) according to the

manufacturer’s instructions. Isolated RNA was converted

to cDNA using the GeneAmp RNA-PCR kit (PerkinElmer

LAS GmbH, Juegesheim, Germany). Portions of cDNA

were then amplified using quantitative PCR on the Rotor-

Gene Q in combination with QuantiTect SYBR Green RT-

PCR kit (Qiagen, Hilden, Germany). The housekeeping

gene products TATA box binding protein (TBP) and

glyceraldehyde 3-phosphate dehydrogenase (GAPDH)

were used as internal controls for SAA and sPLA2-IIA

measurements, respectively. Levels of mRNA were quan-

tified using Rotor-Gene series software v1.7 (Qiagen) and

values were expressed relative to the respective house-

keeping gene. The used primer pairs were 50-GTG ATC

ATG ATC TTT GGC CTA CTG CA-30 and 50-TCT CCC

TCG TGG GGA GCA ACG ACT-30 for sPLA2-IIA,

yielding PCR products with a length of 411 bp [25]; 50-
CGG GAC ATG TGG AGA GCC T-30 and 50-CGA GCA

TGG AAG TAT TTG TCT G-30 for SAA (SAA1 ? SAA2)

amplifying products with a length of 74 bp [32]; 50-GAA

TAT AAT CCC AAG CGG TTT G-30 and 50-ACT TCA

CAT CAC AGC TCC CC-30 for TBP amplifying products

with a length of 226 bp [33]; and 50-CGG AGT CAA CGG

ATT TGG TCG TAT TG-30 and 50-GCA GGA GGC ATT

GCT GAT GAT CTT G-30 for GAPDH amplifying pro-

ducts with a length of 439 bp [25]. Primers were applied at

a final concentration of 0.8 lM. Cycling conditions

involved 3 min at 95 �C followed by 40 cycles of 1 min at

95 �C, 1 min at 55 �C and 2 min at 72 �C. Each RT-qPCR

was performed at least twice.

Statistical analyses

The diagnostic performance of PSA, CRP, sPLA2-IIA, and

SAA was assessed with ROC curves. ROC curves were

constructed to analyze the performance of biomarkers to

discriminate between different groups of patients. Areas

under curves (AUC) as a measure of performance and other

related characteristics were determined using SigmaPlot

11.2 (Systat Software GmbH, Erkrath, Germany).

The differences between two groups were analyzed with

a Mann–Whitney rank sum test and among all studied

groups with the Kruskal–Wallis one-way analysis of vari-

ance on ranks method. Correlations between different pairs

of variables were studied with the Pearson correlation test.

All statistical analyses were performed using the statistics

module integrated into SigmaPlot 11.2 software.

Results

Levels of serum biomarkers in healthy individuals

and in patients with prostatic diseases

Serum concentrations of PSA, SAA, CRP, and sPLA2-IIA

were significantly increased in PCa relative to healthy indi-

viduals, with the highest levels observed in the mPCa group

(p \ 0.001, Fig. 1). In contrast to PSA serum levels, which

differed significantly between the patients with BPH and

PCa (p \ 0.001), such a difference was not detected in terms

of SAA, sPLA2-IIA, and CRP serum levels. However, there

were significant differences between the PCa and mPCa

groups for all inflammatory biomarkers (p \ 0.001, Fig. 1).

Furthermore, only PSA levels were able to discriminate

between PCa patients with organ-confined (pT2, n = 34)

Table 1 Characteristics of healthy individuals and patient groups

Group n Age, years PSA, lg/L

Healthy controls (N) 55 61 (20–69) 0.9 (0.1–3.3)

BPH 55 68 (55–82) 2.5 (0.2–23.2)

Localized PCa (PCa) 55 66 (47–76) 7.1 (0.8–73.3)

pT2 34 6.1 (0.8–21.7)

pT3/4 21 12.1 (1.4–73.3)

Gleason score \7 17 6.3 (0.8–37.5)

Gleason score C7 38 7.8 (1.4–73.3)

Metastatic PCa (mPCa) 27 72 (50–96) 475.7 (56.8–8,568.2)

Gleason score 7–8 10 367.0 (72.9–3,325.0)

Gleason score 9–10 17 656.0 (56.8–2,767.0)

Median values (range) are shown
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and non-organ confined PCa (pT3/4, n = 21, p \ 0.05),

whereas SAA, sPLA2-IIA, and CRP levels were unable to

differentiate between both groups (Fig. 2). In contrast, all

analyzed biomarkers exhibited the highest levels in the

mPCa group and differed significantly from those found in

the pT3/4, pT2, and control groups (p \ 0.001).

Pearson correlation tests revealed significant correlations

between SAA and CRP and between sPLA2-IIA and CRP in

the groups of patients with BPH (p \ 0.05), localized PCa

(p \ 0.001), and mPCa (p \ 0.001), respectively (Table 2).

Furthermore, a correlation was detectable between SAA and

sPLA2-IIA in the case of mPCa (p \ 0.05). No correlations

were observed between the inflammatory biomarkers and

PSA or Gleason score in the group of mPCa, as well as in

other groups of prostate disease patients (Table 2).

Receiver operating characteristic (ROC) analysis

of biomarker assays

In view of the identified correlations between PCa stages

and serum levels of the inflammatory biomarkers, a para-

metric ROC analysis was performed. In this context, AUC

values, 95 % confidence interval (95 % CI), sensitivity and

specificity computed for optimum cut-off values were

determined (Fig. 2). The performance of inflammatory

biomarker assays was compared with the PSA tests as the

‘gold standard’ for the detection of PCa and discrimination

between the different patient groups.

ROC analysis showed that AUC values for PSA were

superior by comparison of the healthy control group vs. the

groups of PCa and mPCa (AUC 0.99 and 1.00, respec-

tively), BPH vs PCa (AUC 0.87), and PCa vs mPCa (AUC

0.99, Fig. 2; Table 3). Neither SAA nor sPLA2-IIA and

CRP distinguished between groups of patients with BPH

and PCa (Fig. 2; Table 3). ROC analyses revealed that in

these cases the AUC values for SAA, sPLA2-IIA, and CRP

were close to 0.5 with p values [0.05, indicating that

inflammatory biomarkers are unable to discriminate

between BPH and PCa groups (Table 3). However, the

diagnostic accuracies of CRP (AUC 0.86) and SAA (AUC

0.84) were distinctly higher relative to PSA (AUC 0.81) for

the discrimination between controls and patients with BPH

by these inflammatory biomarkers. Moreover, a high

accuracy was observed for the differentiation between

A

N B T2 3/4 M
S

A
A

, m
g

 / 
L

1

10

100

1000

p < 0.001

p < 0.001 B

N B T2 3/4 M

sP
L

A
2 -

IIA
, µ

g
 / 

L

0

2

4

6

8

10

12

14

p = 0.001

p < 0.001

C

N B T2 3/4 M

C
R

P
, m

g
 / 

L

0,1

1

10

100

1000

p < 0.001

p < 0.001 D

N B T2 3/4 M

P
S

A
, µ

g
 / 

L
1

10

100

1000

10000

p < 0.001

p < 0.05

p < 0.001

p < 0.001

Fig. 1 Box-plots of serum

levels of SAA (a), sPLA2-IIA

(b), CRP (c), and PSA (d) of

healthy individuals (N), patients

with BPH (B), and patients with

localized (pT2 and pT3/4) and

metastatic prostate cancers (M).

Groups with tumor stages pT2

and pT3/4 are shown as T2 and

3/4. Boxes within the plots

represent the 25–75th

percentiles. Median values are

depicted as solid lines. Circles

indicate outlier values outside of

the 10th and 90th percentiles.

Statistical differences were

calculated with the Mann–

Whitney rank sum test

1066 M. Menschikowski et al.

123



controls and PCa patients in cases of SAA, sPLA2-IIA and

CPP levels (AUC 0.84, 0.77 and 0.83, respectively), for the

differentiation between controls and mPCa patients (AUC

0.98, 0.95 and 0.99, respectively) and between PCa and

mPCa patients (AUC: 0.86, 0.86 and 0.93, respectively).

Effects of pro-inflammatory cytokines on SAA

and sPLA2-IIA expressions in prostate cancer cell lines

The basal expression of sPLA2-IIA was about 60-fold

higher in LNCaP cells in comparison to that found in PC-3

cells (Fig. 3). In DU-145 cells no sPLA2-IIA transcripts

were detectable using RT-qPCR under basal conditions and

after incubation with the analyzed cytokines. Exposure of

LNCaP cells to IL-1b or IL-6 alone and in combination

with IL-1b increased the expression of sPLA2-IIA by 3.0-,

1.6- and 5.4-fold, respectively (Fig. 3). Incubation with

TNF-a and IFN-c led to 2.7- and 10.0-fold higher levels of

sPLA2-IIA-specific transcripts in LNCaP and PC-3 cells,

respectively.

In contrast to sPLA2-IIA, the basal expression of SAA

was comparable between all the analyzed PCa cell lines.

IL-1b, IL-6, and TNF-a induced further SAA expression in

a similar way as observed for sPLA2-IIA in LNCaP cells.

However, the degree of SAA induction was remarkably

higher with almost 100- and 1,000-fold induction of SAA

by IL-1b alone and together with IL-6, respectively. In

contrast to sPLA2-IIA expression, which was completely

absent in DU-145 cells, the SAA expression was induced

through IL-1b by 60-fold in this cell line. In PC-3 cells,

treatment with TNF-a resulted in 54-fold higher SAA-

mRNA levels (Fig. 4).
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Fig. 2 Receiver-operating

characteristic (ROC) curves

constructed from serum levels

of PSA, sPLA2-IIA, CRP and

SAA of healthy individuals and

patients with BPH and PCa.

N healthy controls, BPH

patients with benign prostatic

hyperplasia, PCa patients with

localized prostate cancer, mPCa

patients with metastasizing

prostate cancer

Table 2 Correlations between disease stages and levels of serum

biomarkers in patients with BPH and prostate cancer diseases

Compared variables BPH PCa mPCa

SAA vs CRP 0.419* 0.739** 0.909**

SAA vs sPLA2-IIA NS NS 0.565*

SAA vs PSA NS NS NS

SAA vs GS – NS NS

sPLA2-IIA vs CRP 0.387* 0.544** 0.675**

sPLA2-IIA vs PSA NS NS NS

sPLA2-IIA vs GS – NS NS

CRP vs PSA NS NS NS

CRP vs GS – NS NS

PSA vs GS – NS NS

Shown is the Pearson correlation coefficient r

Correlations of different pairs of variables were studied with the

Pearson correlation test. Significance of correlation: * p \ 0.05;

** p \ 0.001

NS no significant correlation observed, CRP C-reactive protein, SAA

serum amyloid A, GS Gleason score, PSA prostate-specific antigen
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Discussion

The present study shows that, in addition to elevated

PSA levels, patients with prostatic diseases have

increased serum concentrations of SAA, sPLA2-II, and

CRP and significant differences were found between

localized and metastatic PCa. This suggests a prognostic

value of these inflammatory biomarkers for PCa pro-

gression. Furthermore, SAA, sPLA2-II, and CRP levels

were significantly different between healthy individuals

and BPH patients, indicating that inflammatory bio-

markers can be informative concerning the early

diagnosis of BPH development.

However, no discrimination between BPH and localized

PCa was achieved with SAA, sPLA2-IIA, and CRP. Fur-

thermore, serum concentrations of SAA and sPLA2-IIA

positively correlated with CRP, but not with PSA levels,

Gleason score, and tumor stage emphasizing a role of SAA

and sPLA2-IIA as circulating biomarkers of inflammation

rather than of neoplastic transformation. This conclusion is

consistent with a previous study demonstrating a significant

difference of serum sPLA2-IIA levels between healthy

individuals and patients with BPH and PCa patients, but

not between patients with BPH and PCa [26].

In contrast to BPH or localized PCa, patients with

metastases had markedly higher concentrations of SAA,

sPLA2-IIA, and CRP. According to ROC analyses of

metastatic vs. localized PCa groups and metastatic PCa vs.

healthy individual groups, the AUC scores were near 0.9

and 1.0, respectively, emphasizing a high discrimination

capability of inflammatory biomarkers. Therefore, in

addition to PSA, SAA, sPLA2-IIA, and CRP may be useful

candidate biomarkers for the staging and prognosis of

prostate cancers. This conclusion agrees with studies that

considered these biomarkers separately [14, 31, 34, 35].

For instance, high plasma levels of sPLA2-IIA were

reported to be significantly associated with high Gleason

scores relative to intermediate Gleason score-PCa and

Table 3 Receiver operating

characteristic (ROC) analysis of

serum biomarkers in healthy

individuals and different groups

of patients

Cut-off values: lg/L (PSA and

sPLA2-IIA) and mg/L (CRP and

SAA)

N healthy controls, BPH

patients with benign prostatic

hyperplasia, PCa patients with

localized prostate cancer, mPCa

patients with metastasizing

prostate cancer, AUC area under

curve, 95 % CI 95 %

confidence interval, NS not

significant

Parameter PSA SAA sPLA2-IIA CRP

N vs. BPH

AUC 0.81 0.84 0.68 0.86

95 % CI 0.72–0.89 0.75–0.94 0.58–0.78 0.78–0.93

Cut-off 1.4 1.6 1.2 0.9

Sensitivity, % 70.9 86.7 52.7 69.1

Specificity, % 81.8 70.0 78.2 92.7

N vs. PCa

AUC 0.99 0.84 0.77 0.83

95 % CI 0.96–1.01 0.74–0.94 0.68–0.86 0.75–0.90

Cut-off 3.4 1.5 1.3 1.1

Sensitivity, % 95.0 86.7 67.3 56.4

Specificity, % 100.0 70.0 78.2 96.4

N vs. mPCa

AUC 1.00 0.98 0.95 0.99

95 % CI 1.00 1.00 0.95–1.01 0.88–1.02 0.96–1.01

Cut-off 30.0 3.2 1.7 2.8

Sensitivity, % 100.0 92.6 92.6 92.6

Specificity, % 100.0 96.7 89.1 100.0

BPH vs. PCa

AUC 0.87 0.54 0.57 0.47

95 % CI 0.80–0.94 0.39 0.68 ns 0.47–0.68 ns 0.36–0.58 ns

Cut-off 4.3 4.6 1.3 2.4

Sensitivity, % 89.1 40.0 67.3 29.1

Specificity, % 81.8 76.7 49.1 80.0

PCa vs. mPCa

AUC 0.99 0.86 0.86 0.93

95 % CI 0.99–1.00 0.76–0.96 0.76–0.95 0.86–0.99

Cut-off 47.1 24.7 3.9 4.1

Sensitivity, % 96.4 100.0 92.7 90.9

Specificity, % 100.0 63.0 59.3 85.2
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advanced relative to indolent cancers with AUC values

0.73 and 0.74, respectively [34].

In addition, the current study underscores the crucial

role of inflammation as a decisive force at different stages

of tumor development, which agrees with previous reports

(for review [36, 37]). In the case of prostatic diseases,

inflammation was shown to be involved in the pathogenesis

and progression of both BPH and PCa [11, 12]. The acute

phase reactants analyzed here are thought to be derived

mainly from the liver [7, 38]. A convincing case report of a

patient with massive epithelioid hemangioendothelioma

was described indicating a hepatic origin of serum sPLA2-

IIA. After liver transplantation a dramatic fall of sPLA2-

IIA levels from 830 to 33 lg/L on the first post-trans-

plantation day was observed. Moreover, synthesis of

sPLA2-IIA was detected in hepatocytes in non-neoplastic

areas of the liver, but not in areas containing tumor cells

[39].

Despite the hepatic origin, an extra-hepatic and tumor-

associated expression of sPLA2-IIA was described in a

number of different cancers such as those of the esophagus,

pancreas, gallbladder, breast, colon, and prostate [20, 22,

23, 40–42]. The expression of sPLA2-IIA was elevated in

primary gastric, colon, and early-stage PCa, but not in

metastatic and late-stage tumors [43, 44]. In concordance

with this observation, we previously showed a markedly

upregulated expression of sPLA2-IIA in LNCaP cells [25].

In contrast, a completely absent expression of sPLA2-IIA

due to epigenetic mechanisms was shown in DU-145 cells

originating from a brain metastasis, and a low expression of

sPLA2-IIA was shown in PC-3 cells originating from a

bone metastasis. Both cell lines are androgen-independent

in contrast to the androgen-dependent LNCaP cell line. A

similar loss of sPLA2-IIA expression due to epigenetic

silencing was demonstrated in gastric tumors [43].

In addition to sPLA2-IIA, an endogenous expression of

SAA in all analyzed PCa cell lines was shown in this study,

which can be further induced by pro-inflammatory
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the expression levels of SAA determined by comparative quantifica-

tion relative to the housekeeping gene TBP. Results are presented as

mean ± SD. Analyses were performed in triplicate and graphics are

representative of two experiments with similar results
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Analyses were performed in triplicate and graphics are representative

of two experiments with similar results
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cytokines such as IL-1b, IL-6 and TNF-a in a cell type-

dependent manner. A strong synergistic effect was

observed after simultaneous treatment with IL-1b and IL-6

in LNCaP cells, which resulted in a nearly 1,000-fold

increase of SAA expression. Although a similar synergistic

effect on sPLA2-IIA expression in LNCaP cells was seen

with IL-1b and IL-6 treatment, the extent of induction was

remarkably lower (about sixfold increase) when compared

with the effect on SAA expression in the same cell line.

The different degree of inducing effects of these cytokines

on SAA and sPLA2-IIA expression may resemble the dif-

ferent magnitudes of SAA and sPLA2-IIA concentrations

in serum samples of PCa patients. These data suggest that

tumoral expression of SAA and sPLA2-IIA may be

responsible, at least in part, for the elevated serum levels in

PCa patients.

Functions and clinical significance of tumoral expres-

sion of acute phase reactants are still unclear. In the case

of sPLA2-IIA, opposite effects on tumorigenesis were

described. On the one hand, sPLA2-IIA may induce

cellular senescence [45] and inhibit cancer cell invasion

[43]. In this way, sPLA2-IIA could act rather as a tumor-

suppressor and may explain the observation of decreased

enzyme expression in metastatic and late-stage tumors

[46]. On the other hand, studies demonstrated that

sPLA2-IIA can exert pro-oncogenic effects mediated by

eicosanoid production in cyclooxygenase- and lipoxyge-

nase-dependent pathways and by anti-apoptotic signaling

pathways including activation of ERK, PI3-kinase, pro-

tein kinase C, and NF-jB [47–51]. A knockdown or

pharmacological inhibition of sPLA2-IIA suppressed lung

cancer cell growth in vitro and in vivo through NF-jB

activation [51, 52]. Similar local effects on cancer pro-

gression through NF-jB activation were described for

CRP and SAA [18, 53].

In conclusion, this study demonstrated significantly

increased serum levels of SAA, sPLA2-IIA, and CRP in

patients with BPH, localized and metastasized PCa, in

comparison to healthy individuals. In addition to PSA,

inflammatory biomarkers may help to discriminate

between healthy individuals and patients with BPH and

may prove to have prognostic value, as these biomarkers

significantly distinguished between PCa patients with

and without metastases. On the basis of these data it

will be interesting to elucidate whether serum levels of

acute phase proteins are suitable for therapeutic moni-

toring of patients with prostatic diseases such as BPH

and PCa.
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