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Abstract

Background: The human seminal fluid is a complex body fluid. It is not known how
many proteins are expressed in the seminal plasma; however in analog with the
blood it is possible up to 10,000 proteins are expressed in the seminal plasma. The
human seminal fluid is a rich source of potential biomarkers for male infertility and
reproduction disorder.

Methods: In this review, the ongoing list of proteins identified from the human sem-
inal fluid was collected. To date, 4188 redundant proteins of the seminal fluid are
identified using different proteomics technology, including 2-DE, SDS-PAGE-LC-
MS/MS, MudPIT. However, this was reduced to a database of 2168 non-redundant
protein using UniProtKB/Swiss-Prot reviewed database.

Results: The core concept of proteome were analyzed including pl, MW, Amino
Acids, Chromosome and PTM distribution in the human seminal plasma proteome.
Additionally, the biological process, molecular function and KEGG pathway were
investigated using DAVID software. Finally, the biomarker identified in different
male reproductive system disorder was investigated using proteomics platforms so
far.

Conclusion: In this study, an attempt was made to update the human seminal plasma
proteome database. Our finding showed that human seminal plasma studies used to
date seem to have converged on a set of proteins that are repeatedly identified in
many studies and that represent only a small fraction of the entire human seminal
plasma proteome.
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Introduction

nfertility is one of the major health issues

15-25% of the male population as a time-depend-

I and it is estimated that 15-20% of couples
are infertile in the world. Moreover, males
and females contribute equally to the problem.
Clinical semen analysis, based on sperm factors
such as morphology, concentration, motility, efc.,
fails to identify the causes in 30%-50% of infertil-
ity cases (1, 2). Male reproduction disorder is an-
other major health issue including varicocele,
prostate cancer and prostatitis. Varicocele affects

ent disease that begins at puberty and is consid-
ered the major treatable cause of male factor infer-
tility (3, 4). Prostate cancer is the second most fre-
quently diagnosed cancer and the sixth leading
cause of cancer death in males worldwide. The
introduction of serum prostate specific antigen
screening led to a significant increase in the num-
ber of diagnosed cases but failed to demonstrate a
statistically significant prostate cancer mortality
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benefit (5, 6). Prostatitis (inflammation of the
prostate gland) is a very common condition, with
symptoms affecting approximately 10% of all
men. Diagnosing prostatitis remains confusing and
frustrating to urologists, as many of the symptoms
overlap (7, 8). Therefore, a new diagnosis tool is
urgently needed for diagnosing male infertility
and male reproduction disorder.

The spermatozoa are bathed in a continuously
and progressively changing medium of fluid pro-
teins and chemical compositions. The constituents
of the human seminal plasma include secretions
originated from the testis, epididymis, and male
accessory glands such as seminal vesicles, pros-
tate and Cowper’s gland. Seminal plasma pro-
vides a safe surrounding for the spermatozoa and
serves as a vehicle for ejaculated spermatozoa to
the female genital tract. Due to its buffer capaci-
ties, it also protects the spermatozoa from acidic
environment of the vagina (9, 10).

The human seminal plasma is a rich source of
potential biomarkers. It is estimated that the hu-
man seminal plasma protein concentration is 35-
55 mg/ml, which makes it a rich and easily acces-
sible source for protein identification (11). The
proteome is defined as the protein complement of
the genome. This old definition has a new face
based on the development of proteomics technol-
ogy. Nowadays, the proteome is defined as the
sum and the time dynamics of all protein species
occurring during the life-time of an individual. By
this definition, the proteome includes the expres-
sion level of the individual protein, a protein iso-
form and the post-translation modification (12).

Despite remarkable advances in proteomics tech-
nology, a limited number of studies have focused
on the human seminal plasma proteome (HSPP)
(13-19). A search on the PubMed database shows
the word "human seminal plasma AND prote-
omics" has only 98 hits compared to the word
"blood AND proteomics" which has 6189 hits till
2014. This is the case despite the fact that male
infertility and male reproduction disorder is a sen-
sitive health issue. Therefore, it is urgent to inves-
tigate the underlying biology of the HSPP in order
to provide a better understanding of male infertili-
ty causes and to fully utilize the potential of pro-
teomics technology.

In this review, core concepts in HSPP were in-
vestigated and burgeoning list of proteins identi-
fied in the human seminal plasma was outlined.
Bioinformatics and the literature on the collected
HSPP including isoelectric point (pl), post-trans-

lational modifications (PTMs), amino acids distri-
bution, chromosome distribution, molecular and
biological function and enriched Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway
have been analyzed. Additionally, the major pro-
teomics findings of the HSPP in different male
infertility and male reproductive disorders were
highlighted.

Methods

Database search: To find all relevant studies
based on HSPP, a search was done according to
keywords "human seminal plasma", "proteome"
and "proteomics" in PubMed and Google. Only
the data regarding the human seminal plasma
were included in this study.

Bioinformatics: In order to have a non-redundant
and an accurate HSPP database, only proteins
which correspond to UniProtKB/Swiss-Prot ac-
cession number (2013/05/01 release) were includ-
ed in the protein database. The theoretical human
proteome was downloaded from UniProtKB/Swiss-
Prot database. Information regarding post-trans-
lation modifications, chromosome and tissue ori-
gin were extracted from UniProtKB/Swiss-Prot.
The pl and MW were calculated using the tools on
the Expsay website (http://expasy.org/). For calcu-
lation of amino acids distribution, a program was
written in the Python language. Molecular func-
tion, biological function and KEGG enriched path-
way of the collected HSPP were analyzed using
the Database for Annotation, Visualization and
Integrated Discovery (DAVID) software (20).

Results

Techniques: A wide range of proteomics technol-
ogy platforms are available such as gel-based ap-
plications including sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and
two-dimensional gel electrophoresis (2-DE). Gel-
free high-throughput analysis methods are equally
available including multidimensional protein iden-
tification technology (MudPIT) and filter-aided
sample preparation (FASP) technology (21-23).
However, because of the limited study on the
HSPP, only a few proteomics technology plat-
forms have been applied that include 2-DE, sodi-
um dodecyl sulfate polyacrylamide gel electro-
phoresis, liquid chromatography tandem mass
spectrometry (SDS-PAGE-LC-MS/MS), reverse-
phase tandem mass spectrometry analysis (1D-
LC-MS/MS), and MudPIT (11, 13, 14, 24-29).
Using these proteomics platforms, 4188 redundant
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proteins from the human seminal plasma fluids
were identified. 75 of mentioned proteins were
identified by 2-DE, 2182 were identified by dif-
ferent SDS-PAGE- LC-MS/MS studies, 118 were
identified by 1D-LC-MS/MS and finally 1822
were identified by MudPIT technology. Using
UniProtKB/Swiss-Prot database, the protein list
was reduced to 2168 non-redundant databases. To
the best of our knowledge, this is the largest pro-
tein database identified in the human seminal
plasma fluid (supplementary).

By looking at the performance of the applied
techniques, it is not surprising that the techniques
are complements (30). However, it is clear from
different HSPP profiling that 2-DE (15 unique
proteins) has the worst performance (supplemen-
tary). This is caused by the nature of the human
seminal plasma fluid, which is a highly viscous
sample. An introduction of cold acetone/trichlo-
roacetic acid or chloroform/methanol precipitation
might improve the quality of 2-DE of the HSPP. It
has been demonstrated that under optimal condi-
tions, a large scale 2-DE is able to detect more
than 10,000 spots (31). However, protein identifi-
cation from 2-DE is still challenging and in com-
parison, MudPIT technology had the best perfor-
mance in identification of unique proteins (sup-
plementary).

pl: The human seminal plasma fluid is a relative
basic environment. The pH of the human seminal
plasma fluid is 8 (measured by universal indicator
pH=0-14). This means that the HSPP should con-
tain mostly proteins with the pl lower than 8. Fig-
ure 1 shows the pl distribution of collected HSPP
compared to the theoretical human proteome (HP).

As shown in figure 1, the pattern of the pl distri-
bution of the HSPP does not follow the HP which
is a biphasic distribution. The majority of identi-
fied proteins from the HSPP have pl lower than 8.
There are, however, some proteins with pl over 8,
but they do not follow the biphasic form of a typi-
cal proteome such as sperm (12). Figure 1 shows
that 2-DE technology should have a high perfor-
mance for the HSPP since the majority of the
HSPP have pl lower than 8. Therefore, in this re-
gion, it is a well known fact that the 2-DE has a
better performance.

Post-translation modifications: The first genera-
tion of proteomics technology was the mapping of
the proteome of the cell, tissue or fluid. The se-
cond generation of the proteomics technology was
the quantification of the proteome (21). It be-
comes obvious by the development of the prote-

Gilany K, et al. JRI

A oo,
800
£ 700
2
S 6001
Z 5004
=]
L 400
2
E 3001
2 2001
100
O 54 68 T 76 T 87 98 T 10-0 T1-10 1201 1512 1413
B !

60004

50001

40004

20004

Number of protein
b

10004

03 32 43 54 65 7-6 87 98 10-9 11-10 12-11 13-12 14-13

pl
Figure 1. A: pl distribution of collected human seminal

plasma proteome. B: pl distribution of theoretical human
proteome

omics platform that the post-translation modifica-
tion (PTM) plays an important role in the prote-
omics. The third generation of proteomics tech-
nology is investigation of PTM (32, 33). It has at
least two very important functions. Firstly, after
expression of proteins, they mostly become post-
translationally modified for e.g. translocation.
Secondly, PTM plays an important role in the sig-
naling pathways e.g. phosphorylation.

In this study, by reviewing the literature, PTM in
the collected HSPP was investigated. Figure 2
shows PTM distribution of the collected HSPP.

As shown in figure 2, the majority of the collect-
ed HSPP post-translation modifications are: phos-
phorylation, acetylation, glycosylation and disul-
fide bond. Totally, 27 types of the PTMs were
observed in the collected HSPP. However, the
types of functions these PTMs play in the human
seminal plasma fluid were not well investigated.
To the best of our knowledge, no proteomics
study has been made on the PTM in the human
seminal plasma fluid. Comparing to the word
"blood", the "PubMed" searching for the word
"post-translation modification AND blood" gives
4670 hits. This means a plenty of works still lie
ahead that investigate what function these PTMs
have in male fertility or male reproduction disor-
der that may include activation or protection of
sperm, etc.
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Figure 2. Number of post-translation types in the collected
human seminal plasm proteome
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Figure 4. Amino acid distribution of cataloged the human seminal plasma proteome (HSPP) compared to the theoretical

human proteome (HP)

Another way of looking at the PTM is to observe
how many sites in a protein become post-transla-

tionally modified e.g. HIF-1-a (34). Figure 3 shows
the number of sites in a protein that were post-
translationally modified in the collected HSPP. As
it is shown in the figure, the majority of proteins
have at least one site of modification while some
proteins have 6-7 sites of modification.

Amino Acids Distributions: Also, amino acids dis-
tribution of the established HSPP was investigated
and compared to the HP. Figure 4 shows the ami-
no acid distribution of the HSPP and the HP. As
shown in figure 4, for most amino acids of the
catalog, HSPP follows the theoretical HP. How-
ever, in case of proline (P) and serine (S), these
amino acids are underrepresented in the HSPP.
These amino acids usually are presented at the site
of phosphorylation. It is possible that the HSPP is

not a heavily phosphorylated proteome. To the
best of our knowledge, no phophorylation work
has been done on the HSPP, and it is difficult to
suggest why P and S are underrepresented in the
HSPP.

Chromosome distribution: The near-complete se-
quencing of the human genome has yielded a total
of 25-30,000 genes. However, it is unknown how
many proteins are expressed in the human. An
estimation about 2 million proteins have been
suggested (12). To define each of these proteins,
the Chromosome-Centric Human Proteome Pro-
ject (C-HPP) has been designed to map the entire
human proteome in a systematic effort. To date,
20 international teams are involved in the map-
ping of 18 different chromosomes (35).

Figure 5 shows the chromosome distribution of
the HSPP compared to the theoretical HP. In Iran,
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Figure 5. Chromosome distribution of the human seminal
plasma versus the theoretical human proteome

current effort is to map the Y chromosome prote-
ome (36, 37). The HSPP is an excellent source for
detection of Y chromosome proteins. However, as
it is shown in figure 5, no Y chromosome proteins
were detected by the used proteomics platform.
This could be caused by the mass spectrometry
instrument used in the studies. A recent published
paper of the sperm proteome, in which a LTQ
Orbitrap Velos mass spectrometer was used, the
authors were able to identify more than 4675
unique proteins of which 4 were Y chromosome
proteins (38). This means that by an improved
proteomics platform, it is possible to identify
some of the low-abundance proteins, in which Y
chromosome proteins were included.

Tissue origin: It is not possible to know the tissue
origin of the identified proteins of the HSPP using

T172°3 45 6 7 8 9 101012 13 1415 16 17 18 19 20 21 22 X Y
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mass-spectrometry-based proteomics analysis. A
tissue origin of identified protein can be found in
the UniProtKB/Swiss-Prot database. A significant
number of identified proteins from the HSPP be-
longed to testis (25%). Additionally, proteins from
the prostate (11%), the epididymis (1%) and a few
seminal vesicles were identified. According to the
literature, the rest of the proteins were widely ex-
pressed in other tissues. These proteins can be
considered as "housekeeping" proteins.

Biological processes and molecular function: The
collected HSPP were functionally categorized
based on Gene Ontology (GO) terms and annota-
tions using the Database for Annotation, and Vis-
ualization and Integrated Discovery (DAVID) pro-
gram package (http://david.abce.nciferf.gov/) (20).
For any given protein list, DAVID tools are able
to identify enriched biological terms, particularly
GO terms, discover enriched functional-related
protein groups, visualize proteins on BioCarta &
KEGG pathway maps, efc.

Table 1 shows the ten most important catalog
outputs for biological function analysis by DAVID
software. DAVID software was able to catalog
1690 (83%) of the submitted proteins. This means
that the biological function of almost 17% of
submitted proteins is still unknown. As shown in
table 1, the most important biologically functional
proteins in the HSPP belong to proteolysis (11.3%,
p-value: 3.13E-19) and carbohydrate catabolic pro-
cess (2.5%, p-value: 1.13E-18).

Further down the biologically functional list, ad-
ditional interesting groups of proteins were identi-
fied. These groups belong to the oxygen and reac-
tive oxygen species metabolomics processes (1.2%,
p-value: 1.25E-5) and regulation of oxygen and

Table 1. Tabulated are the ten important biological functions with the greatest statistical significance for enrichment in the collect-
ed proteome data set of the HSPP (GOTERM: level ALL)

Biological functions Y% p-value
Proteolysis 11.3 3.13E-19
Carbohydrate catabolic process 2.5 1.13E-18
Positive regulation of ubiquitin-protein ligase activity 2 5.85E-18
Proteasomal protein catabolic process 2.4 8.71E-18
Proteasomal ubiquitin-dependent protein catabolic process 2.4 8.7E-18
Positive regulation of ubiquitin-protein ligase activity during mitotic cell cycle 1.9 1.35E-17
Negative regulation of cellular protein metabolic process 33 1.37E-17
Negative regulation of ubiquitin-protein ligase activity during mitotic cell cycle 1.9 1.57E-17
Anaphase-promoting complex-dependent proteasomal ubiquitin-dependent protein catabolic process 1.9 1.57E-17
Response to organic substance 8.4 1.9E-17

The percentage is calculated as: involved proteins divided by the total number of proteins multiplied by one-hundred. The enrichment p-value
(compared to the theoretical human proteome) is calculated based on EASE Score, a modified Fisher’s Exact Test and ranges from 0 to 1. Fisher's
Exact p-value=0 represent perfect enrichment. Usually the p-value must be equal to or smaller than 0.05 to be considered strongly enriched in the
annotation categories. The closer the value is to zero, the more enriched is the category
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proteasome(1.7%,p-value: 1.18E-16), pentose phos-
phate pathway (1%, p-value: 1.22E-11), amino
sugar and nucleotide sugar metabolism (1.2%, p-

Table 2. Tabulated are the top ten important molecular functions with the
greatest statistical significance for enrichment in the collected proteome
data set of the HSPP (GOTERM: level ALL)

Molecular functions %  p-value value: 2.36E-8), glycolysis/gluconeogenesis (1.5%,
Peptidase activity 75 2.99E-20 p-value: 3.01E-8), glutathione metabolism (1.2%,
Peptidase inhibitor activity 3.1 5.25E-19 p-value: 5.6E-7), fructose and mannose metabo-
GTPase activity 3.8 1.4E-18 lism (0.9%, p-value: 2.48E-6), galactose metabo-
Endopeptidase inhibitor activity 3 2.77E-18 lism (0.7%, p-value: 1.39E-4), and pyruvate me-

Peptidase activity, acting on L-amino acid peptides 7  5.16E-18 tabolism (0.8%, p-value 0.0019). It is not surpris-

Unfolded protein binding 24 1.06E-15 ing that the majority of known energy catabolism
Carbohydrate binding 5 1.82E-15 pathways are enriched in the human seminal fluid
Enzyme inhibitor activity 4 8.02E-15 since sperm have a high consumption of ATP. An
Exopeptidase activity 1.9 3.33E-14 enrichment of the pentose phosphate pathway
Endopeptidase activity 49 995E-14 causes a production of reducing equivalents. It is

Explanations for the percentage and p-values can be found in table 1

reactive species metabolomics processes (0.24%,
p-value: 0.039). It is shown that reactive oxygen
species (ROS) plays an important role in male
infertility, especially in the case of the astheno-
spermic men, a deregulation of ROS proteins has
been reported (13, 39). Other interesting biologi-
cal functional groups are fertilization proteins
(1%, p-value: 0.001), binding of sperm to zona
pellucid proteins (0.4%, p-value: 0.003), and
sperm-egg recognition proteins (0.4%, p-value:
0.003).

Table 2 shows the ten most important molecular
functional groups of the HSPP analyzed by DAVID
software. DAVID software was able to categorize
1636 (80%) of the submitted proteins. As shown
in table 2, the most important molecular function
of identified proteins belongs to peptidase activity
(7.5%, p-value: 2.99E-20) and peptidase inhibitor
activity (3.1%, p-value: 5.35E-19). The increase
of peptidase activity is because of high energy
consummation of sperm. Peptidase activity causes
catabolism of proteins and thereby production of
amino acids and an activation of catabolism path-
ways such as glucogenesis. This will lead to pro-
duction of energy in the form of ATP. A high lev-
el of energy supply in the form of ATP is needed
for sperm movement.

Additionally, interesting molecular functional
groups with lower p-value were the calcium bind-
ing proteins (8.5%, p-value: 2.22E-8) and the in-
sulin-like growth factor binding proteins (0.5%, p-
value: 0.0025).

Enriched Pathway: One of the functions of the
DAVID software is to show the enriched KEGG
pathways. The following pathways were enriched
in the HSPP: lysosome (3%, p-value: 2.09E-20),

well established that human seminal plasma is a
natural reservoir of antioxidants. It is known that
an imbalance in oxidative system causes infertility
(40-42). Additionally, Pathogenic Escherichia coli
infection pathway (1.3%, p-value: 2.67E-6) was
enriched in the HSPP.

The human seminal plasma proteome and bio-
marker discovery: In the first study, using gel-
based proteomics technology in male infertility
with the human seminal fluid as source for bio-
marker discovery, several potential candidates for
spermatogenesis impairment were observed. Us-
ing 2-DE, several groups of spots were detected
which were deregulated or disappeared in the pro-
teome profile of the human seminal fluid of fertile
compared to infertile men. However, none of the
deregulated spots were identified (43). Based on
the development of 2-DE and mass spectrometry,
another attempt was done to better understand the
spermatogenesis impairment in infertile men (44).
In the mentioned study, the seminal plasma of
four different groups of men including normozoo-
spermic, asthenozoospermic, oligozoospermic and
azoospermic were compared using two-dimen-
sional differential in-gel electrophoresis (2D DIGE)
followed by matrix-assisted laser desorption mass
spectrometry (MALDI-TOF-MS). Eight proteins
showed significant increased expression level in
the azoospermic men compared to at least one of
other groups. These proteins were fibronectin,
prostatic acid phosphatase (PAP), proteasome sub-
unit alpha type-3, beta-2-microglobulin, galectin-
3-binding protein, prolactin-inducible protein and
cytosolic nonspecific dipeptidase. Specifically,
PAP was upregulated in azoospermic men com-
pared to all other groups (44).

In another gel-based technology study, the hu-
man seminal fluid of prostate cancer patients was
optimized and analyzed by 2-DE followed by
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MALDI-TOF-MS. The result showed that pro-
teins kallikrein 3 (prostate specific antigen), PAP,
Zinc a2-glycoprotein and progastricsin were up-
regulated in prostate cancer patients compared to
the normal seminal plasma (45).

In the most recent study of the human seminal
plasma using gel-based technology, the human
seminal plasma of adolescents with and without
varicocele was analyzed through 2-DE followed
by electrospray mass spectrometry (ESI-Quad-
TOF-MS). Forty-seven of interested spots were
subjected to mass spectrometry analysis. In the
study, adolescents with varicocele and normal
semen quality showed an overexpression of sper-
matogenesis proteins, whereas adolescents with
varicocele and abnormal semen quality showed an
overexpression of apoptosis regulated proteins
compared to adolescents without varicocele (17).

The limitation of the gel-based technology en-
couraged using the gel-free technology prote-
omics platform to study the seminal plasma as a
source of biomarker for male reproductive system
disorder.

To the best of our knowledge, the first "semi"
gel-free based proteomics study of the seminal
plasma used SDS-PAGE-LC-MS/MS. In the men-
tioned study, the seminal plasma of the astheno-
zoospermic patients were compared to the normo-
zoospermic men. More than 700 proteins were
identified. Of these, 45 proteins were upregulated
and 56 proteins were downregulated in the as the-
nozoospermic men compared to the normozoo-
spermic men. The most deregulated proteins be-
longed to the regulation of reactive oxygen spe-
cies. Specifically, DJ-1 protein which is involved
in the oxidative stress was shown to be signifi-
cantly downregulated in asthenozoospermic men
(13).

Another popular gel-free based proteomics plat-
form is MudPIT technology. Most recently, two
studies have used MudPIT technology for analysis
of the seminal plasma in order to search for bi-
omarker (18, 46).

Batruch et al. used the MudPIT technology to
examine the seminal plasma of the non-obstruct-
ive azoospermia for identification of potential bi-
omarkers of male infertility. More than 2000 pro-
teins were identified. Of these, 34 proteins were
upregulated and 18 proteins were downregulated
in control relative to non-obstructive azoospermia.
The upregulated proteins are involved in repro-
duction, carbohydrate catabolic process and gly-
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colytic pathway. The downregulated proteins be-
long to the glutathione metabolism pathway and
the glycolytic pathway (46).

In the second MudPIT technology study, the
seminal plasma in men with prostatitis was com-
pared to the men without prostatitis. More than
1700 proteins were identified. The authors gener-
ated a list of 59 candidates of prostatitis bi-
omarkers, of which 33 proteins were significantly
upregulated in prostatitis compared to the control
group, and 26 of which were downregulated. The
most significant upregulated prostatitis candi-
dates’ proteins are involved in enzyme regulated
activity and in the defensive response. The down-
regulated proteins are involved in the develop-
ment, regulation of biological processes and trans-
port (18).

The proteome of the seminal plasma is complex
and contains some high abundance proteins in-
cluding semenogelins and kallikrein 3 (also
known as prostate specific antigen). Progress in
biological mass spectrometry has facilitated the
identification of thousand proteins from different
biological samples. However, routine quantifica-
tion by mass spectrometry, especially for low
abundance proteins in a complex mixture, is still
challenging. Quantitative selected reaction moni-
toring (SRM)- also called multiple reaction moni-
toring-assays were introduced as a means to sup-
plement antibody-based enzyme-linked immuno-
sorbent assay (ELISA). Quantification and verifi-
cation by SRM assays is an emerging field of pro-
teomics technology (47, 48). In a novel study us-
ing SRM assays by Drabovich et al., 31 proteins
of the seminal plasma of individuals with non-
obstructive azoospermia were analyzed. In this
study, testis specific proteins-LDHC, TEX101 and
SPAG11B-showed absolute specificities and sen-
sitivity. Additionally, cell-specific classification
of protein expression indicated that Sertoli or
germ cell dysfunction, but not Leydig cell dys-
function, was observed in seminal plasma from
patients with non-obstructive azoospermia (49).
Although SRM assays are excellent tools for di-
agnosis, the main disadvantage is that the candi-
date biomarker proteins have to be known in ad-
vance through other gel-free based proteomics
technology.

Although different proteomics platforms have
been used for biomarker discovery of male infer-
tility and male reproduction disorder, it is possible
to generate a common biomarker protein list. The
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following proteins have been identified to be de-
regulated in several studies: semenogelins 1 (SEMG
1), semenogelins 2 (SEMG?2), prolactin-inducible
protein (PIP), fibronectin (FN1), prostatic acid
phosphoatase (ACPP), kallikrein 3 (KLK3) and epi-
didymal secretory protein E1 (NPC) (13, 17, 18,
44-46, 49). To our current knowledge, no quanti-
fication study has been done on the level of the
protein in human seminal plasma. However, Bat-
ruch et al. have used the label-free quantification
spectra counting method to analyze the deregulat-
ed proteins. Using Batruch et al.’s data, the com-
mon biomarker protein list is amongst most abun-
dant proteins in the human seminal plasma (46).
PeptideAtlas was used to evaluate which of these
highly abundant biomarker proteins are expressed
in the blood (50). It turned out that PIP, FNI,
KLK3 and NPC are highly expressed in the blood
and are identified with several distinct peptides.

Discussion

Seminal plasma is a complex body fluid, con-
taining a large diversity of proteins. It is not
known how many proteins are expressed in the
seminal plasma; however, possibly up to 10,000
proteins can be expressed in the seminal plasma.
Seminal plasma is an excellent source of protein
biomarkers because it circulates through and
comes in contact with the male reproductive sys-
tem. Consequently, seminal plasma proteomics
has great potential for the discovery of biomarkers
to improve diagnosis or classification of a wide
range of male reproductive system disorders, in-
cluding prostate cancer. However, seminal plasma
is one of the most complex human proteomes with
considerable difference in the concentration of
individual proteins. The analytical challenge for
biomarker discovery arises from the high variabil-
ity in the concentration of some seminal plasma
proteins. This observation was based on the Bat-
ruch et al.’s relative quantification of the human
seminal plasma proteins using label-free quantifi-
cation by the spectra counting method. The aver-
age spectra count value changed from 4500 to 0.3
(46). Semenogelin is a protein of very high abun-
dance in seminal plasma which can be a prime
candidate for a complete selective removal prior
to performing a proteomics analysis of lower
abundance proteins. The presence of higher abun-
dance proteins interferes with the identification
and quantification of lower abundance proteins.
Complexity and dynamic range of protein concen-

trations can be addressed with a combination of
prefractionation techniques that deplete highly
abundant proteins and fractionate. Protein prefrac-
tionation by immunodepletion and reversed-phase
separation of the depleted seminal plasma pro-
vides methods compatible with gel-free based pro-
teomics technology analysis.

Another main problem using seminal plasma as a
source for biomarker discovery is the interindi-
vidual variations that exist in the seminal plasma
compared to other biological samples. Using both
gel and gel-free based proteomics technology, this
observation has been reported (51, 52). However,
no protein lists are available from these two stud-
ies. A recently developed depletion method that
mixes 14 high-specificity polyclonal antibodies
(MARS) to remove the top 14 proteins in the
blood in a single purification step is commercially
available (53). By creating such column for the
human seminal fluid, an improvement of the inter-
individual variations will be observed.

Conclusion

Biomarker discovery remains a very challenging
task due to the complexity of the samples and the
wide dynamic range of protein concentrations
(54). Most of the human seminal plasma bio-
marker studies performed to date seem to have
converged on a set of proteins that are repeatedly
identified in many studies and that represent only
a small fraction of the entire HSPP. Processing
and analysis of proteomics data is indeed a very
complex multistep process (55, 56). The con-
sistent and transparent analysis of LC/MS and
LC-MS/MS data requires multiple stages (57) and
this process remains the main bottleneck for many
larger proteomics studies. To overcome these is-
sues, effective sample preparation (to reduce com-
plexity and to enrich for lower abundance compo-
nents while depleting the most abundant ones),
state-of-the-art mass spectrometry instrumenta-
tion, and extensive data processing and data anal-
ysis are required.
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