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Abstract: There are few specific diagnostic markers for chronic prostatitis. Therefore, we used mass spectrometry to evaluate differences in seminal plasma 
protein expression among patients with prostatitis and young and middle-aged healthy controls. We analysed pooled seminal plasma protein samples from four 
prostatitis patients (two pools), three young controls (one pool), and three middle-aged controls (one pool). The samples were analysed by liquid chromatography–
tandem mass spectrometry. Of the 349 proteins identified, 16 were differentially expressed between the two control pools. Five proteins were up- or down-regulated 
in both of the prostatitis pools compared to middle-aged controls but not between young and middle-aged pools. Progestagen-associated endometrial protein 
(PAEP) was over-expressed in prostatitis samples compared to young and middle-aged controls. Our findings and those of previous studies indicate that PAEP is 
a potential seminal plasma marker for chronic prostatitis. In conclusion, we found age-related changes in seminal plasma protein expression. PAEP expression in 
seminal plasma should be investigated further to evaluate its potential as a diagnostic marker for chronic prostatitis.
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Introduction

Prostatitis syndromes comprise infectious forms 
(acute and chronic), the chronic pelvic pain syndrome 
(CPPS), and asymptomatic prostatitis. A causative uro-
pathogenic organism can be detected in <10% of pa-
tients with prostatitis syndrome. CPPS accounts for 
most of the prostatitis-like symptoms in >90% of men. 
Chronic prostatitis/CPPS is subclassified as an inflam-
matory type (NIH category IIIA) and a noninflamma-
tory type (NIH category IIIB) according to the presence 
of leukocytes in prostatic samples (1). Although the de-
tection of leukocytes confirms chronic prostatis/CPPS 
type IIIA, in type IIIB no signs of inflammation are 
observed. The clinical value of this categorization has 
never been validated (2).  Chronic prostatitis/CPPS is a 
common health issue in men. In Finland, the prevalence 
of prostatitis symptoms is 14.2% (3). Prostatitis affects 
quality of life, as psychological stress is common in men 
with prostatitis (4). Despite its high prevalence, contro-
versy exists regarding the optimal diagnostic methods 
and therapeutics for chronic prostatitis (2). Bacterial 
analysis of seminal fluid is used as a diagnostic assay 
for chronic prostatitis (5-7), but a bacteriological etiol-
ogy is relatively uncommon. Thus, definitive diagnoses 
usually can’t be made based on seminal fluid bacterio-
logical analyses (8). Sperm concentration, sperm pro-
gressive motility, and normal sperm morphology may 
be negatively affected by chronic prostatitis/CPPS (9).

There are several potential markers for prostatitis in 

seminal fluid. Interleukin-6 (10-12), interleukin-8 (10, 
13, 14), and interleukin-10 (15) have been widely stud-
ied as potential markers; however, they are not yet used 
in clinical settings. Further, immunoglobulin-A (16), 
elastase (17), peroxidase-positive leukocytes (17), and 
nerve growth factor (18) are significantly altered in the 
seminal plasma of patients with prostatitis or chronic 
pelvic pain syndrome. 

Previous studies have performed large-scale seminal 
fluid proteomic analyses of samples from healthy men 
(19), men with asthenozoospermia (20), asymptomatic 
men and after vasectomy (21), before and after varico-
cele repair (22), and men with prostatitis (23). In 2012, 
Kagedan et al. (23) identified 59 candidate biomarkers 
for prostatitis.

It may be useful to differentiate chronic pelvic pain 
from chronic prostatitis so that patients can be directed 
to the appropriate specialists with the most extensive 
knowledge of different treatment options. Patients with 
prostatitis commonly see urologists, while those with 
chronic pelvic pain may be best served by pain clinics, 
depending on local practice. The purpose of the present 
study was to use mass spectrometry to identify potential 
diagnostic markers for chronic prostatitis in seminal flu-
id. We compared the seminal protein expression profiles 
of four patients with prostatitis with those of asymptom-
atic young men and asymptomatic middle-aged men.



36

Seminal plasma protein expression.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 7

A. Rokka et al.

Materials and Methods

We enrolled four men with chronic prostatitis (aged 
31–44 years), three asymptomatic medical students 
(aged 20–22 years), and three asymptomatic medical 
professionals (aged 40–49 years) in the study. All of the 
patients and controls provided written informed con-
sent for participation in the study. All of the subjects 
were without known hepatitis or HIV infection. We 
performed seminal fluid bacterial, fungal, mycoplasma, 
and ureaplasma cultures to exclude infections with these 
microorganisms. Seminal fluid samples were obtained 
by masturbation after a minimum of 3 days of sexual 
abstinence. Routine semen analysis was not performed. 
The research plan was approved by the Ethics Coun-
cil of Northern Ostrobothnia Hospital District, Finland 
(number 22/2007, 15.3.2007). 

Spermatozoa were immediately spun down, and 1 
ml of seminal plasma was frozen with 100 µl of pro-
tease inhibitor cocktail (Sigma-Aldrich) and sodium 
tartrate dehydrate at a final concentration of 40 mM 
(Sigma-Aldrich). Before storage at −70°C, the sample 
was centrifuged at 100,000 × g for 30 minutes at 4°C 
to remove cellular debris. Protein concentration was 
measured with the Bio-Rad Protein Assay Kit (Bio-Rad 
Laboratories). 

Mass spectrometry–based protein quantitation
Before protein quantitation by a mass spectrometry–

based method, we pooled the seminal fluid protein sam-
ples together as follows: two prostatitis pools, each con-
taining protein from two patients with prostatitis; one 
pool from the three young controls; and one pool from 
the three middle-aged controls. We precipitated 500 µg 
of protein from each of the four pooled samples with 
six volumes of cold acetone at −20°C for 2 h. Precipi-
tated proteins were dissolved in 100 µl of dissolution 
buffer (0.5 M triethylammonium bicarbonate), and 100 
µg of proteins were sampled for two parallel labellings 
with iTRAQ, one under denaturing conditions and one 
without SDS. Proteins were digested and labeled with 
the iTRAQ 4-plex Reagent Kit (Applied Biosystems). 
Each sample was digested with 10 μg of sequence-grade 
modified trypsin (Promega) at +37°C overnight and la-
beled with the iTRAQ reagents. SDS was removed with 
Pierce Detergent Removal Spin Columns (Thermo Sci-
entific) according to the manufacturer’s instructions. 
Before mass spectrometric analysis, samples were de-
salted with OMIX C18 tips (Varian) and peptides were 
evaporated to dryness in a SpeedVac.

Liquid chromatography–tandem mass spectrometry 
analysis

Labeled peptides were dissolved in 1% formic acid, 
and 5 μl (1 µg of peptide) samples were analysed by 
liquid chromatography–tandem mass spectrometry 
(LC-MS/MS) on a nanoflow high performance liq-
uid chromatography system (Ultimate 3000, Dionex) 
coupled to a QSTAR Elite mass spectrometer (Applied 
Biosystems/MDS Sciex) equipped with a nano-electro-
spray ionisation source (Proxeon). Peptides were first 
loaded onto a trapping column (0.3 × 5 mm PepMap 
C18, LC Packings) and subsequently separated inline 
on a homemade 15 cm C18 column (75 µm × 15 cm; 

Magic 5 μm 200 Å C18, Michrom BioResources Inc.). 
The mobile phase consisted of water/acetonitrile (98:2 
(v/v)) with 0.2% formic acid (solvent A) or acetonitrile/
water (95:5 (v/v)) with 0.2% formic acid (solvent B). A 
linear 80 min gradient from 2% to 30% B was used to 
elute peptides.  

MS data were automatically acquired by Analyst QS 
1.1 software (Applied Biosystems/MDS Sciex). The 
information-dependent acquisition method consisted of 
a time-of flight mass spectrometric survey scan of mass 
range 350–1500 m/z and product ion scans of mass 
range 50–2000 m/z. The three most intense peaks over 
20 counts with charge state 2–4 were selected for frag-
mentation. 

Data analysis 
ProteinPilot software (v. 3.0, Applied Biosystems, 

MDS-Sciex) was used to identify and quantify proteins 
with the ParagonTM search algorithm (24). The soft-
ware compares the relative intensity of proteins pres-
ent in samples based on the intensity of reporter ions 
released from each labeled peptide, and it automatically 
calculates protein ratios and p values for each protein. 
We merged data from the LC-MS/MS analyses and 
searched against the UniProtKB (v. 2010_09) protein 
sequence database. Merging data from several analy-
ses usually improves probability values (p value). For 
protein identification, we used 95% confidence (i.e., at 
least one peptide matched with 95% confidence). Only 
those proteins for which the p value was <0.05 were 
accepted for quantitation, as recommended by the soft-
ware manufacturer.

Results

We identified 349 proteins under nondenaturing con-
ditions and 315 proteins under denaturating conditions. 
Sixteen proteins were differentially expressed between 
the age control pools (Table 1), and 14 proteins were 
differentially expressed in both prostatitis pools com-
pared to either the young or middle-aged controls (Table 
2). Of the 16 proteins differentially expressed between 
control pools, ALB, CST4, and SERPINA1 have been 
described previously as potential candidate biomark-
ers for prostatitis (23). Only five proteins, KLK3, CLU, 
AZGP1, PIP, and PAEP, were up- or down-regulated in 
both of the prostatitis pools compared to the young or 
middle-aged pool but not between the control pools (Ta-
ble 2). Only one protein, PAEP, has been described pre-
viously as a potential candidate biomarker for prostatitis 
(23). We further identified three proteins that were op-
posite differentially expressed between prostatitis pools 
and the same control pool: SEMG1, KLK3, and ORM1 
(Table 2).

Discussion

To identify potential diagnostic markers for chronic 
prostatitis, we characterised the seminal plasma protein 
expression profiles of patients with prostatitis and as-
ymptomatic controls. Semen quality and fertility are 
known to decrease during ageing (25, 26); however, to 
our knowledge, the association between seminal plasma 
protein expression and age has not been evaluated pre-
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middle-aged controls. This is a striking difference com-
pared to a previous report (23), in which as many as 59 
proteins were differentially expressed between control 
and prostatitis samples. When we compared our results 
to those of the previous report (23), we found that pro-
teins ALB, CST4, and SERPINA1 were differentially 
expressed between our control groups, while Kagedan 

viously by means of mass spectrometry. In the present 
study, most differences in semen protein profiles oc-
curred between the young and middle-aged controls; 
only five proteins (KLK3, CLU, AZGP1, PIP, and 
PAEP) were expressed at similar levels in the control 
groups while being differentially expressed between 
both prostatitis samples compared to the young or 

Accession No. Protein name Symbol Sequence 
coverage (%) p value

Expression fold change 
in middle-aged vs 

young controls
P04279 Semenogelin-1 SEMG1 80.5 <0.001 −7.2
P08118 Beta-microseminoprotein MSMB MSMB 36.0 0.048 −6.6
P15309 Prostatic acid phosphatase ACPP 44.8 <0.001 −4.5
Q53FJ5 Prosaposin PSAP 24.2 0.005 −2.2
P15144 Aminopeptidase N ANPEP 10.0 0.003 −2.1
P01009 Alpha-1-antitrypsin SERPINA1 23.2 0.015 1.9
P02763 Alpha-1-acid glycoprotein 1 ORM1 25.9 0.041 2.1

Q6W4X9 Mucin-6 MUC6 11.5 0.004 2.2
P01036 Cystatin-S CST4 39.0 0.029 2.7
P54107 Cysteine-rich secretory protein 1 CRISP1 31.3 0.047 3.1
P61916 Epididymal secretory protein E1 NPC2 38.8 0.001 3.3
Q16610 Extracellular matrix protein 1 ECM1 30.6 <0.001 4.6
P41222 Prostaglandin-H2 D-isomerase PTGDS 25.8 0.004 10.8
P01833 Polymeric immunoglobulin receptor PIGR 5.0 0.010 11.8
P02787 Serotransferrin TF 31.9 <0.001 12.9
P02768 Serum albumin ALB 74.9 <0.001 15.7

Table 1. Proteins differentially expressed between middle-aged and young controls. 

Positive values for expression fold change represent proteins that were more abundant in the midde-aged controls. SwissProt accession numbers 
are presented. Sequence coverage is the percentage of matching amino acids from identified peptides divided by the total number of amino acids 
in the sequence.

Accession 
No. Protein name Symbol

 
Sequence 
coverage 

(%)

Expression 
fold change 
in prostatitis 
1 vs young 

controls
(p)

Expression 
fold change 
in prostatitis 
2 vs young 
controls (p)

Expression 
fold change 
prostatitis 1 
vs middle-

aged controls 
(p)

Expression 
fold change 
in prostatitis 
2 vs middle-

aged controls 
(p)

Expression 
fold change 
in middle-

aged vs young 
controls (p)

P04279 Semenogelin-1 SEMG1 80.5 −2.6 (0.014)* 1.9 (0.001)* 2.7 (0.12) 12.9 (<0.001)* −7.2 (<0.001)*

P10909 Clusterin CLU 39.0 −2.2 (0.003)* −1.1 (0.25) −2.6 (<0.001)* −1.3 (0.014)* 1.1 (0.14)*

P15309 Prostatic acid 
phosphatase ACPP 48.7 −1.8 (0.006)* −4.7 (<0.001)* 2.5 (0.007)* 1.0 (0.86) −4.5 (<0.001)*

P07602 Proactivator 
polypeptide PSAP 24.2 −1.7 (0.017)* −1.6 (0.038)* 1.3 (0.45) 1.4 (0.24) −2.2 (0.005)*

P25311 Zinc-alpha-2-
glycoprotein AZGP1 52.0 −1.5 (0.049)* −1.6 (0.018)* −1.3 (0.067) −1.4 (0.024)* −1.2 (0.87)

P02763 Alpha-1-acid 
glycoprotein 1 ORM1 25.9 1.0 (0.81) −4.1 (0.20) −2.2 (0.031)* −8.4 (0.007)* 2.1 (0.041)*

P07288 Prostate-specific 
antigen KLK3 64.2 1.2 (0.71) −4.5 (<0.001)* 1.8 (0.038)* −3.0 (0.001)* −1.5 (0.097)

P12273 Prolactin-inducible 
protein PIP 65.8 1.9 (0.006)* 2.5 (0.002)* 1.6 (0.036)* 2.1 (0.013)* 1.2 (0.24)

Q16610 Extracellular matrix 
protein 1 ECM1 30.6 2.6 (0.001)* 1.9 (0.030)* −1.8 (0.080) −2.4 (0.001)* 4.6 (<0.001)*

P01036 Cystatin-S CST4 39.0 3.6 (0.010)* 2.9 (0.017)* 1.3 (0.27) 1.2 (0.59) 2.7 (0.029)*

P09466 Glycodelin PAEP 26.2 3.8 (0.014)* 11.4 (0.001)* 1.7 (0.088) 5.0 (0.002)* 2.4 (0.24)

P41222 Prostaglandin-H2 
D-isomerase PTGDS 25.8 6.1 (0.010)* 5.2 (0.043)* −1.9 (0.11) −2.1 (0.12) 10.8 (0.004)*

P02787 Serotransferrin TF 31.9 9.1 (<0.001)* 4.5 (<0.001)* −1.5 (0.011)* −3.2 (<0.001)* 12.9 (<0.001)*

P02768 Serum albumin ALB 74.9 9.5 (<0.001)* 3.5 (<0.001)* −1.8 (<0.001)* −5.4 (<0.001)* 15.7 (<0.001)*

Table 2. Proteins differentially expressed between the two prostatitis pools and the young or middle-aged control pools. 

Expression changes between prostatitis samples (two biological replicates) and young controls or between prostatitis samples and middle-aged 
controls are shown. Positive values for expression fold change represent proteins that were more abundant either in the prostatitis pooled samples 
compared to control pools or in the middle-aged control pool compared to the young control pool. SwissProt accession numbers are presented. 
Sequence coverage is the percentage of matching amino acids from identified peptides divided by the total number of amino acids in the sequence. 
p, p value. *, p<0.05.
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et al. (23) reported these as potential prostatitis markers. 
Our results suggest that these proteins were false posi-
tives in the previous study (23). Our finding of opposite 
differential expression of SEMG1, KLK3, and ORM1 
between prostatitis samples and other or both control 
group may be explained by variations in the expression 
of biological samples.

PAEP has an immunosuppressive function in embryo 
implantation and tumor development and also induces 
angiogenesis during embryogenesis and tumor develop-
ment (27). An isoform of PAEP is found in seminal plas-
ma, and it may contribute to the immunogenic activity 
of seminal plasma (28). PAEP expression in prostatitis 
samples was higher than in the young control samples. 
The functional significance of PAEP overexpression in 
prostatitis samples remains to be clarified.

Identifying markers for chronic prostatitis in semi-
nal plasma is challenging. Our results found clear age-
related changes in protein expression in seminal plasma. 
Further, clinical diagnosis of chronic prostatitis is not 
always definitive, because it is often difficult to distin-
guish between chronic prostatitis and chronic pelvic 
pain. This represents a considerable challenge when val-
idating potential markers for chronic prostatitis (inflam-
matory NIH category IIIA chronic prostatitis/CPPS), 
since any large cohort will contain some men diagnosed 
with chronic prostatitis without prostatic inflammation 
(noninflammatory NIH category IIIB chronic prostati-
tis/CPPS) but with chronic pelvic pain and vice versa. 
Finally, with the several treatment options available at 
present, there is no reason to believe that providing pa-
tients with a specific diagnosis of chronic prostatitis will 
lead to them receiving more effective treatment com-
pared to diagnosing them with suspected chronic pros-
tatitis (29-31).

Limitations of our study included the limited number 
of samples and the use of pooled samples in mass spec-
trometric analyses. However, using pooled samples di-
minishes individual changes in protein expression pro-
files while allowing for the detection of the most promi-
nent and common changes in expression levels, which 
is a clear benefit. Another limitation was the small num-
ber of proteins identified in the different groups, which 
may have been due to masking of low-abundance pro-
teins by high-abundance proteins. Proteomic methods 
based on LC-MS/MS do not identify all biologically rel-
evant components, and they exclude analysis of intact 
proteins. Our results should be validated by quantitative 
analysis of semen protein extracts by western blotting 
with specific antibodies. 

In summary, we identified proteins in seminal plas-
ma that appeared to be differentially expressed in young 
vs. middle-aged men. This observation suggests that 
seminal plasma protein expression analysis may be of 
limited diagnostic value, except in cases when a specific 
protein is exclusively expressed or absent in the disease 
condition. PAEP expression in seminal plasma merits 
further investigation to evaluate its significance as a di-
agnostic marker for chronic prostatitis.  
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