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Abstract | Molecular biomarkers hold promise to advance the noninvasive diagnosis of male reproductive 
system disorders and facilitate the identification and management of these conditions through screening, 
early diagnosis and more accurate prognosis. Seminal plasma has great potential as a proximal fluid for 
protein biomarker discovery and as a clinical sample for noninvasive diagnostics. The seminal plasma 
proteome contains thousands of proteins and includes a large number of tissue-specific proteins that might 
accurately indicate a pathological process in the tissue of origin. Potential protein biomarkers for male 
reproductive system disorders are more abundant in seminal plasma than in blood serum or urine, and, 
therefore, are more easily identified and quantified in semen by mass spectrometry and other techniques. 
These methods have enabled elaboration of the composition of the seminal plasma proteome and the tissue 
specificity of seminal plasma proteins. Strategies have been developed to discover protein biomarkers in 
seminal plasma through integrated ‘omics’ approaches. Biomarkers of male infertility and prostate cancer are 
now emerging, and it is evident that seminal plasma has the potential to complement other diagnostic tools 
available in urology clinics.
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Introduction
Urogenital diseases affect the quality of life of many men. 
Prostatitis-like symptoms are diagnosed in as many as 
one in six men,1 and approximately the same fraction will 
develop prostate cancer at some point in their lifetime.2 
In addition, one in 13 men are affected by subfertility 
or infertility conditions.3 Although some conditions, 
such as infertility, benign prostatic hyperplasia (BPH) 
and indolent prostate cancer primarily affect quality of 
life, other conditions, such as aggressive prostate cancer, 
are life-threatening and should be diagnosed early and 
treated appropriately (Box 1, Table 1).

In this Review, we focus on seminal plasma and its 
use as a biological fluid for the discovery of biomarkers 
of male reproductive system disorders, and as a clini-
cal sample for noninvasive urogenital diagnostics. We 
believe that seminal plasma has great potential for both 
of these applications, as it contains components that are 
very specific to particular organs in the male urogenital 
tract and, therefore, differences in protein composi-
tion of semen might indicate an ongoing pathological 
process in a specific organ. This concept is best illus-
trated by the discovery of PSA as a marker of prostate 
diseases—PSA was originally discovered in, and isolated 
from, semen. PSA, which is the most common marker 
in use to identify prostate cancer, is found at much 
higher concentrations in semen than in blood serum. 

Similar to the story of PSA discovery,4 potential bio-
markers might be present at much greater abundances 
in seminal plasma than in serum or urine; these bio-
markers have the potential to be easily identified and 
quantified by comprehensive a nalytical techniques, such 
as mass spectrometry.

Several review articles published in 2013 summarized 
the molecular composition of seminal plasma and the 
functions of seminal plasma proteins,5–7 focusing mainly 
on aspects of reproductive biology. We focus on pro-
teomics and mass spectrometry as major analytical tech-
niques to identify novel protein biomarkers in seminal 
plasma, and provide examples of emerging biomarkers 
of male infertility and prostate cancer. In addition, we 
highlight the value of tissue-specific proteins for diag-
nostics and present approaches for the integration of 
multiple ‘omics’ techniques in the quest for novel bio-
markers. Finally, we critically assess the place of seminal 
plasma in the clinical pathway for the diagnosis of dis-
orders of the male reproductive system, as viewed from 
the u rologist’s perspective.

Role and composition of seminal plasma
Seminal plasma is a biological fluid composed of secre-
tions from glands in the male urogenital tract (Figure 1). 
During ejaculation, sperm passes through the ejaculatory 
ducts and combines with fluids from the glands to gener-
ate semen. Seminal plasma, which is the super natant 
remaining after centrifugation and removal of cells and 
cell debris from the liquefied semen, constitutes >90% 
of semen.
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From a functional perspective, seminal plasma not 
only carries and provides nutrition for spermatozoa, 
but also modulates the function of spermatozoa and 
their interaction with the female genital tract, especial ly 
with components of the female immune system. 
Seminal plasma has important roles in the regulation 
of semen coagulation and liquefaction, sperm motility 
and fertilization.

The molecular composition of seminal plasma is 
diverse, ranging from lipids, glycans, inorganic ions and 
small molecule metabolites to biopolymers, such as cell-
free DNA, RNA, microRNAs, peptides, proteins and 
oligosaccharides. Fructose, which is present at very high 
levels, along with lipids, are important sources of energy 
for spermatozoa.8 One of the most common inorganic 
ions found in seminal plasma is zinc, which is a cofactor 
or inhibitor for many proteolytic enzymes involved in the 
coagulation–liquefaction process.9 Copper and selenium 
in semen are crucial components of antioxidant enzymes 
and are essential for normal spermatogenesis.10 Cell-free 
DNA and various RNA species have been identified in 
seminal plasma, but the roles, origins and relative con-
centrations of such species remain largely unknown.11 
MicroRNAs have been identified as potential bio markers 
for spermatogenesis status, and further experiments are 
required to assess their usefulness for diagnostics.12 

In addition, glycoproteins and glycans are now being 
assessed for their potential as biomarkers for different 
urogenital disorders.7

Among the individual glands, the seminal vesicles 
contribute the greatest molecular content into seminal 
plasma, notably cytokines, prostaglandins and fruc-
tose (Figure 1).13 The prostate glands secrete a fluid 
consist ing of proteolytic enzymes, citrate and lipids.14–16 
The se cretions of the seminal vesicles and prostate are 
alkaline, which is important for the survival of sperm 
cells in the acidic vaginal environment.16 The alkaline 
environ ment of semen is maintained by basic poly-
amines, such as spermine, spermidine and putrescine. 
The bulbourethral glands secrete galactose, sialic acid 
and mucus that lubricates the semen, enabling more 
e fficient sperm transfer.16

Despite being rich in components with potential diag-
nostic value, seminal plasma has rarely been assessed in 
the clinic. Among the few existing examples, measure-
ment of fructose levels indicates abnormalities in semi nal 
vesicles,17 and measurement of prostatic acid phos-
phatase reveals the presence of prostatic secretions in 
seminal plasma.18

The seminal plasma proteome
The development of seminal plasma proteomics
The first published studies on seminal plasma pro-
teins date back to 1888 when propeptone, a mixture of 
products of proteolytic digestion, was detected in urine 
and was traced to contamination with semen.19 The 
electrophoretic separation of seminal plasma proteins 
was reported in 1942, and four protein components—
albumin, α-globulin, β-globulin and γ-globulin—were 
identified.20,21 In the late 1970s, advances in electro-
phoretic separations resulted in the detection of 
40 protein spots with 1D gel electrophoresis,22 followed 
by the observation of ~200 protein spots using 2D gel 
electrophoresis.23 The implementation of soft ioniza-
tion and mass spectrometry methods has enabled  
the identification of many more proteins and revealed the  
complexity of seminal plasma.24,25 In the past 3 years,  
the most prominent studies have used 2D liquid chroma-
tography separations coupled to electrospray ionization 
and detection of mass spectra with Orbitrap™ (Thermo 
Fisher Scientific, USA) instruments.26–29 These studies 
have identified thousands of proteins in seminal plasma 
and tissues of the male reproductive system (Table 2). 
For example, our group identified nearly 3,200 proteins 
in total, which constitutes the largest library of seminal 
plasma proteins reported to date.26,30,31 In addition, 
as many as 7,346 proteins were identified in testicular 
tissue,28 and 10,369 were detected in a prostate cancer 
cell line,27 which might be close to the entire proteomes 
of these tissues.

Composition, complexity and selective analysis
Seminal plasma proteins arise from secretions from 
seminal vesicles (~65% of semen volume), prostate 
(~25%), testis and epididymis (~10%) and bulbo urethral 
and periurethral glands (~1%).14,32,33 The proteome 

Key points

 ■ Seminal plasma contains a large number of tissue-specific proteins secreted 
by individual organs of the male reproductive system

 ■ Male reproductive system disorders result in altered composition of the 
seminal plasma proteome

 ■ High concentrations of organ-specific proteins enable their accurate 
quantification by mass spectrometry, facilitating biomarker discovery

 ■ As well as being a promising biological fluid for biomarker discovery, seminal 
plasma might find a unique niche as a clinical diagnostic fluid

 ■ Because cancer-specific proteins can appear earlier in seminal plasma than 
in blood serum, seminal plasma could facilitate the early diagnosis of prostate 
and testicular cancers

Box 1 | Male reproductive system disorders

Diseases of the male reproductive and genitourinary tract present a wide range 
of pathologies (Table 1). In the USA alone, as many as 15 million men are 
diagnosed each year with prostate and testicular cancers, BPH, male infertility, 
prostatitis and other inflammatory conditions. The annual financial burden on the 
US health-care system is estimated to be in the range of US$3 billion.138 Prostate 
cancer is the most commonly diagnosed solid organ cancer among men in North 
America.2 Testicular cancer is the most common cancer in men 20–39 years of 
age.139 BPH, also referred to as enlarged prostate, is a pathology resulting in 
an increase in the size of the prostate gland due to increases in prostate cell 
numbers. Prostatitis, inflammation of the prostate gland, is usually associated 
with bacterial infection or chronic inflammation in the absence of known 
pathogens. Male infertility problems range from decreased production of sperm, 
or oligospermia, to unmeasurable levels of sperm in semen, or azoospermia. 
Azoospermia affects nearly 2% of men in the general population and results in 
very low levels of fertility, or sterility.3 With increasing parental age, the costs 
of infertility management are projected to keep rising. Assisted reproduction 
already accounts for as many as 5% of live births in some European countries.140 
Diagnosis of each of these pathologies could be strengthened with the use of 
seminal plasma protein biomarkers, as alterations in specific proteins might be 
unique to pathological conditions affecting particular urogenital organs.
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of seminal plasma is as complex as the blood plasma 
proteome. It contains large amounts of semenogelins, 
PSA and other secreted high-abundance proteins at a 
total concentration of 40–60 mg/ml,26,30,34–36 and has 
a dynamic range of around nine orders of magnitude, 
with the least abundant proteins being proinflamma-
tory interleukins, which are present at 10 pg/ml.37 As 
with proteomic analysis of blood plasma, identification 
of low-abundance proteins in seminal plasma by mass 
spectrometry is challenging, owing to the wide dynamic 
range of protein concentrations. Particular obstacles are 
the high-abundance proteins expressed by the seminal 
vesicles and prostate. In blood plasma, the top 10 pro-
teins represent ~90% of the total protein concentration. 
Our preliminary estimates show that the top 10 seminal 
plasma proteins represent >80% of the total protein con-
centration, with semenogelins accounting for up to 30% 
(unpublished data).

Collection of fluids secreted by individual glands 
provides samples enriched with tissue-specific pro-
teins (Figure 1). For example, expressed prostatic secre-
tions can be obtained upon prostate massage, whereas 
epididymal and seminal vesicle fluids are collected by 
micro surgical epididymal sperm aspiration and seminal 
vesicle fluid aspiration guided by transrectal ultra-
sonography, respectively. Likewise, ejaculates from men 
who have undergone vasectomy are devoid of testicu-
lar and epididy mal proteins, whereas ejaculates from 
men who have been treated by radical prostatectomy 
contain secretions exclusively from bulbourethral and 
peri urethral glands. To deplete high-abundance pro-
teins or enrich low-abundance proteins prior to mass 
spectro metry, a variety of analytical separation tech-
niques are used (Figure 2), such as immunodepletion, 
size-exclusion of high-abundance peptides of semeno-
gelins, combinatorial peptide ligand libraries,38,39 multi-
dimensional chromatographic separations,30 cell line 
secretome analysis and N-glycoprotein enrichment 
or immunoenrichment.40

Physiological roles of seminal plasma proteins
Proteomic and functional studies have shed light on the 
physiological roles of seminal plasma proteins. They are 
involved in a range of molecular processes, including 

maintenance of an alkaline milieu, sperm nutrition and 
transport, coagulation and liquefaction of the ejaculate, 
augmentation and inhibition of sperm motility, aug-
mentation of the immune response, interaction with the 
zona pellucida, modulation of the acrosome r eaction, 
degradation of the extracellular matrix and fusion with  
the oocyte membrane. Regulation of the immune res-
ponse is a critical function of seminal plasma and is pro-
vided by immunosuppressive cytokines, with the level 
of TGF-β reaching 150–200 ng/ml,41 which far exceeds 
its c oncentration in any other body fluid, i ncluding 
blood plasma.42

The functional roles of seminal plasma proteins are 
related to the function of each gland. The most abun-
dant proteins in secretions from seminal vesicles include 
semenogelins, fibronectin, protein C-inhibitor, mucin 6 
and prolactin-inducible protein.43 Products of proteo-
lytic cleavage of semenogelins inhibit sperm motility 
and provide antibacterial action. Secretions from the 
epididymis include clusterin, glutathione peroxidase 5, 
prostaglandin D2 synthase (PTGDS) and human epi-
didymal protein E4 (HE4). PTGDS function in seminal 
plasma includes transport of retinoids,44 and HE4 protein 
serves as a pan–serine protease inhibitor.45 Periurethral 
and bulbourethral glands mainly produce colloid secre-
tions and mucinous proteins that neutralize the residual 
acidity and protect the epithelium and spermato zoa 
against urine.15 The prostate secretes kallikreins, pros-
tatic acid phosphatase, zinc-α2-glycoprotein and β- 
microseminoprotein. These proteins are involved in 
the proteolytic cleavage of semenogelins,46 hydrolysis of 
phosphomonoesters,47 lipid mobilization48 and protec-
tion against fungal infections,49 respectively. The con-
centration of PSA (kallikrein 3) is 300,000-fold higher 
in seminal plasma than in blood serum (1.2 mg/ml50 
versus 4 ng/ml51).

In the search for biomarkers of male reproductive 
sys tem disorders, different functional categories of 
seminal plasma proteins can be considered. For example, 
proteins directly related to spermato genesis and fertiliza-
tion could perform well as bio markers of male infertility,52 
inflammatory proteins might be potential biomarkers of 
prostatitis,31 and cancer- associated proteins could be 
b iomarkers of prostate and testicular cancers.

Table 1 | Characteristics of male reproductive system disorders

Disorder Affected gland 
or tissue

Unmet diagnostic needs Available diagnostic tools and molecular 
biomarkers

Prostate cancer Prostate Diagnosis with high specificity 
and accurate prognosis

Digital rectal examination, MRI, ultrasonography, 
biopsy, PSA, PCA3

Prostatitis Prostate Diagnosis with high specificity Biopsy, PSA, cytokines, elastase

BPH Prostate Diagnosis with high specificity Ultrasonography, biopsy, PSA

Epididymitis Epididymis Diagnosis Physical examination, scrotal ultrasonography

Testicular cancer Testis Diagnosis Physical examination, ultrasonography, AFP, hCG, LDH

Male infertility Testis Differential diagnosis, prediction 
of sperm retrieval

Semen analysis, biopsy, ECM1, TEX101

Abbreviations: AFP, α-fetoprotein; BPH, benign prostatic hyperplasia; ECM, extracellular matrix protein; hCG, human chorionic gonadotropin; LDH, lactate 
dehydrogenase; PCA, prostate cancer antigen; TEX, testis-expressed.
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Nonsecreted proteins of seminal plasma
In addition to secreted proteins, seminal plasma contains 
intracellular and membrane proteins originating from 
spermatozoa, immature germ cells, leukocytes, exfoli-
ated prostate cells,53 epididymis,54 seminal vesicle cells 
and epithelial cells. For example, TEX101, an abundant 
seminal plasma protein with monospecific expression in 
germ cells, is shed from the surface of sperm cells during 
their passage through the epi didymis,40,55 and T cells 
contribute to the presence of CD4 protein.56 Common 
blood plasma proteins identified in seminal plasma, 
such as albumin, transferrin, complement factors and 
i mmunoglobulins, derive from intercellular fluids.57

Although the majority of seminal plasma proteins 
are found in the soluble protein fraction, nearly 3% are 
identified in microvesicles, such as prostasomes and 
epididymosomes.58 In the search for novel proteins that 
might emerge as markers of prostate cancer, BPH and 
prostatitis, studies have profiled the proteome of prosta-
somes,59–61 and identified as many as 416 unique proteins 
(Table 2).60

Tissue-specific proteins as biomarkers
Seminal plasma proteins might be a rich source of bio-
markers for the diagnosis of male reproductive system 
disorders, as the concentration of many of the proteins is 
high, and many are tissue specific,62 enabling the search 
for biomarkers of diseases of specific organs. Abnormal 
changes in the concentration of tissue-specific proteins 
can indicate a progressing pathological process in the 
specific organ or tissue.

Blood–tissue barriers
Glands and tissues of the male reproductive system have 
stringent blood–tissue barriers, such as blood–testis, 
blood–prostate and blood–epididymis barriers.63,64 As a 
result, tissue-specific prostatic, testicular and epi didymal 
proteins are normally not found at significant levels in 
the blood plasma of healthy individuals, but could 
increase sharply in pathological processes that result in 
tissue destruction. An example is the human epididymal 
protein E4 (HE4), which normally has strong expression 
in the epididymis and weak expression in other organs. 
In 2008, HE4 was cleared by the FDA as a biomarker for 
monitoring women with epithelial ovarian cancer.65 In 
agreement with the cancer/testis antigen hypothesis, pro-
teins that are normally expressed specifically in prostatic, 
testicular and epididymal tissues are identified in the sys-
temic circulation as a result of tumour development in 
distant organs.66,67 Owing to normally stringent blood–
tissue barriers and local sequestration, seminal plasma 
proteins leaking into blood can result in strong immune 
responses.68 Destruction of male reproductive system 
tissues or cancer development in distant organs could, 
therefore, lead to the production of auto antibodies against 
seminal plasma proteins found in blood, and the presence 
of these autoantibodies could also be used for diagnostic 
applications.66,69 Furthermore, since prostate-expressed 
proteins leak into blood plasma only after the destruction 
of blood–tissue barriers (prostate cancer diagnosed with 

serum PSA >4 ng/ml at the clinical stage T1c already has 
an average volume of 1.8 cm3),70 we believe that analysis 
of seminal plasma proteins can facilitate early diagnosis of 
prostate cancer at the clinical stages T1a and T1b.

Identification of tissue-specific proteins
Tissue specificity, a valuable filtering criterion for bio-
marker discovery pipelines, can be identified by the use of 
expression databases.71 Gene expression databases, such 
as BioGPS,72 and the Cancer Genetics database,73 contain 
mRNA expression data for multiple human tissues. 
Protein expression databases, such as the Human Protein 
Atlas,74 contain protein data based on immunohisto-
chemistry profiling of human tissues. The Human Protein 
Atlas promises to provide the first draft of the human pro-
teome in 2015, with the most recent update (version 12) 
c ontaining protein expression profiles of 16,621 genes.

A search for tissue-specific transcripts and proteins 
in the Cancer Genetics database73 and Human Protein 
Atlas74 reveals 586 testis-specific mRNAs and 127 proteins, 
respectively (Figure 3). Interestingly, the number of testis-
specific transcripts and proteins substantially exceeds the 
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Figure 1 | Male reproductive system contributions 
to seminal plasma, and methods to collect enriched 
fluids. Seminal plasma proteins arise from secretions 
from the seminal vesicles (~65% of semen volume), 
prostate (~25%), testes and epididymides (~10%) and 
bulbourethral and periurethral glands (~1%). Seminal 
vesicles contribute the greatest molecular content, 
including fructose, semenogelins, protein C-inhibitor and 
mucin 6. The prostate gland secretes a fluid consisting of 
citrate, lipids, prostatic acid phosphatase and proteolytic 
enzymes, such as kallikreins. Bulbourethral and numerous 
periurethral glands mostly secrete mucinous proteins. 
Secretions from testes and epididymides into seminal 
plasma include hundreds of proteins related to 
spermatogenesis and maturation of spermatozoa during 
epididymal transit. To identify low-abundance proteins in 
seminal plasma, fluids enriched with tissue-specific 
proteins can be collected by the methods indicated. 
Abbreviations: MESA, microsurgical epididymal sperm 
aspiration; RP, radical prostatectomy.
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number of tissue-specific transcripts and proteins in any 
other human tissue. Some promising bio markers for male 
infertility and prostate cancer include ECM1,40 TEX101,40 
LDHC,52 TKTL138 and ACPP75 proteins.

Differential diagnosis of azoospermia
Semen analysis for the presence of spermatozoa in the 
seminal fluid is a common test when male infertility is 
suspected. Azoospermia, the most severe form of male 
infertility, is associated with absence of sperm in the 
semen, and has two major forms—obstructive azoo-
spermia and nonobstructive azoospermia. Obstructive 
azoospermia, caused by physical obstruction in the male 
reproductive tract, results from vasal or epididymal 
pathologies and is responsible for ~40% of a zoospermia 
cases.76 Clinical outcomes of obstructive azoospermia are 
identical to those of vasectomy, and result in male sterili-
zation. Nonobstructive azoospermia, also referred to as 
testicular failure, is classified into subtypes of Sertoli-cell-
only syndrome, maturation arrest and hypospermato-
genesis,77 based on histopathological analysis of the 
biopsied testicular tissue.

Testicular histology with surgical exploration of the 
genital tract is currently the only reliable method for dif-
ferential diagnosis of azoospermia.78 Results of diagnostic 
testicular biopsy, however, might not accurately reflect the 
histopathology of nonobstructive azoospermia, owing to 
the spatial distribution of spermatogenesis in the testis. 
Noninvasive differential diagnosis of azoospermia forms 
and subtypes is, therefore, an unmet need in the manage-
ment of male infertility. In patients with nonobstructive 
azoospermia, a good diagnostic test should reveal the 
severity of testicular failure, provide more accurate diag-
nosis of histopathological subtypes, predict the success 
of testicular sperm extraction and facilitate better plan-
ning for assisted reproduction. In men with normal 
spermatogenesis who have undergone vasectomy or vaso-
vasostomy, the diagnostic test should show the efficiency 
of vas d eferens severance or ligation. Finally, in patients 
with cancer who are treated with radiation and chemo-
therapy, the diagnostic test should reveal the decline or 
recovery of spermatogenesis.

Many studies have evaluated the prediction of azoo-
spermia forms and subtypes using testicular volume or 
blood biomarkers, such as follicle-stimulating hormone, 
inhibin B and anti-Müllerian hormone.79–81 However, 
these markers have poor specificity and sensitiv-
ity, and proteins measured in proximal fluids, such as 
seminal plasma, might have better predictive value.52,62 
For example, the seminal plasma protein PTGDS has 
been proposed to be a marker of obstructive azoosper-
mia or vasectomy.82 In addition, an immunodiagnostic 
home test for ACRV1 protein in semen is commercially 
available and can estimate the number of spermatozoa 
(SpermCheck® [ContraVac, USA] Fertility test) or provide 
evidence of vasectomy success (SpermCheck® Vasectomy 
test).83,84 However, given that ACRV1 is a protein associ-
ated with the inner acrosomal membrane and is only fully 
released from spermatozoa upon detergent-mediated cell 
lysis, the utility of ACRV1 as a seminal plasma biomarker 

Table 2 | Proteomic analyses on human seminal plasma and related tissues

Tissue and 
associated 
pathology

Number of 
identified 
proteins

Proteomic 
technique

Reference

Urine

Healthy men Propeptone Acetic acid 
precipitation

Posner (1888)19

Seminal plasma

Healthy men 4 Electrophoresis Gray et al. (1942)20

Healthy men 5 Electrophoresis Ross et al. (1942)21

Healthy men 40 Electrophoresis Sensabaugh et al. (1978)22

Healthy men 200 2DE Edwards et al. (1981)23

Azoospermia <100 2DE-MALDI-TOF-MS Starita-Geribaldi et al. (2003)25

Healthy men >100 2DE-MALDI-TOF-MS 
and 1DE-LC-MS/MS

Fung et al. (2004)24

Healthy men 923 1DE-LC-MS/MS Pilch et al. (2006)34

Azoospermia 501 2DE-LC-MS/MS Yamakawa et al. (2007)128

Asthenozoospermia 741 1DE-LC-MS/MS Wang et al. (2009)36

Prevasectomy and 
postvasectomy men

2,022 2D-LC-MS/MS Batruch et al. (2011)30

Healthy men 699 LC-MS/MS Rolland et al. (2012)38

Healthy men 1,487 LC-MS/MS Milardi et al. (2012)35

Prostatitis 1,708 2D-LC-MS/MS Kagedan et al. (2012)31

Azoospermia 2,048 2D-LC-MS/MS Batruch et al. (2012)26

Prostasomes

Healthy men 139 LC-MS/MS Utleg et al. (2003)59

Prostate cancer 416 1DE-LC-MS/MS Sandvig et al. (2012)60

Expressed prostatic secretions

Prostate cancer 916 2D-LC-MS/MS Drake et al. (2010)129

Prostate cancer 624 2D-LC-MS/MS Kim et al. (2012)75

Prostate cancer 1,022 2D-LC-MS/MS Principe et al. (2012)130

Prostate tissues

Healthy men 4,842 Antibody-based IHC Ponten et al. (2009)131

Prostate cancer 967 2D-LC-MS/MS Khan et al. (2010)92

Prostate cancer cell lines

Prostate cancer 313 LC-MS/MS Yang et al. (2011)132

Prostate cancer 3,100 2D-LC-MS/MS Saraon et al. (2012)90

Prostate cancer 10,369 2D-LC-MS/MS Geiger et al. (2012)27

Testicular tissue

Healthy men 725 2DE-MALDI-TOF-MS Li et al. (2011)133

Healthy men 7,346 2D-LC-MS/MS Liu et al. (2013)28

Epididymal tissue

Healthy men 745 2DE-MALDI-TOF-MS Li et al. (2010)134

Epididymosomes

Healthy men 146 1DE-LC-MS/MS Thimon et al. (2008)61

Spermatozoa

Healthy men 1,760 1DE-LC-MS/MS Johnston et al. (2005)135

Healthy men 1,049 1DE-LC-MS/MS Amaral et al. (2013)136

Healthy men 1,429 1DE-LC-MS/MS Baker et al. (2013)137

Healthy men 4,675 2D-LC-MS/MS Wang et al. (2013)29

Abbreviations: 1DE, one-dimensional electrophoresis; 2DE, two-dimensional electrophoresis; IHC, 
immunohistochemistry; LC, liquid chromatography; MALDI, matrix-assisted laser desorption/ionization; 
MS, mass spectrometry; MS/MS, tandem mass spectrometry; TOF, time-of-flight.
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for differential diagnosis of azoospermia remains 
unknown. Proteomic studies have also identified and 
verified, in small sets of samples, PARK7 (DJ-1) protein 
as a biomarker of asthenozoospermia (reduced sperm 
motility),36 and TKTL1, LDHC and PGK2 proteins as 
b iomarkers of obstructive azoospermia and vasectomy.38

The possibility of using seminal plasma markers to dif-
ferentiate obstructive azoospermia from non obstructive 
azoospermia, and to identify the different categories of 
nonobstructive azoospermia, has been proposed.38,52 
Using tandem mass spectrometry, our group identified 
>2,000 proteins in seminal plasma of men with normal 
spermatogenesis, men with nonobstructive azoospermia 
and men who had undergone vasectomy, and suggested a 
list of 79 biomarker candidates.26,30 In our follow-up work, 
biomarker candidates were verified and validated and a 
panel of 18 biomarkers for differential diagnosis of azoo-
spermia was proposed.40,52 Two proteins, the epididymis- 
expressed ECM1 and testis-expressed TEX101, emerged as 
biomarkers for differentiation of azoospermia forms, each 

with >95% specificity and sensitivity. Interestingly, seminal 
plasma levels of TEX101 were also able to differentiate 
between nonobstructive azoospermia histopathological 
subtypes.40 The discriminatory ability of TEX101 protein 
originates from its speci fic expression in germ cells, but 
not in any other human cells or tissues, as revealed by the 
Human Protein Atlas.74 As a result, a simple two-marker 
algorithm for highly sensitive and speci fic differential 
diagnosis of azoospermia forms and nonobstructive 
azoo spermia histopathological subtypes by a non invasive 
test was proposed by our group in 2013 (Figure 4).40 
Noninvasive diagnostic tests with ECM1 and TEX101 
proteins have the potential to eliminate diagnostic testi-
cular biopsies, improve the confidence of azoospermia 
diagnosis and facilitate prediction of the outcome of sperm 
retrieval procedures used for assisted reproduction. Our 
study also demonstrated that germ-cell-specific proteins 
perform well as biomarkers of azoospermia. Further 
studies of testis-specific proteins could provide a seminal 
plasma panel of markers to assess individual stages of 
spermatogenesis (development of spermatogonia into 
mature spermatozoa).

Prostate cancer biomarkers
The field of prostate cancer diagnostics was revolution-
ized by the discovery of PSA. Since the introduction of 
the serum PSA test, prostate cancer diagnosis has become 
more frequent.85,86 However, the PSA biomarker has a 
number of limitations, including lack of specificity and 
prognostic significance, and an inability to differentiate 
indolent from aggressive disease.87,88 PSA expression is 
prostate-tissue-specific but not prostate-cancer-specific, as 
PSA is elevated in other nonmalignant pathologies of the 
prostate, including BPH and prostatitis.87,88 As a result of 
these limitations, 50–75% of patients who present with an 
elevated PSA level have a negative prostate biopsy result.89 
With these limitations of PSA testing, a number of studies 
have aimed to identify novel prostate cancer biomarkers 
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using genomic, epigenetic and proteomic methods applied 
to cell lines, tissues, serum, urine and proximal fluids, 
such as expressed prostatic secretions.73,90–93 However, the 
markers identified by these studies are still at the preclini-
cal stage, or have failed to improve on PSA. Thus, a clinical 
need exists for the identification of additional bio markers 
that can be used separately to, or in conjunction with 
PSA, to address these limitations. Analysis of markers in 
seminal plasma and expressed prostatic secretions could 
become a viable alternative or complementary approach 
for prostate cancer diagnosis and prognosis and might 
provide higher specificity for detecting prostate cancer 
and for differentiating indolent and aggressive forms.75 
For example, PROS1 protein was evaluated as a seminal-
plasma-based biomarker of aggressive prostate cancer 
and showed some promise (area under the curve = 0.87), 
albeit with a small set of samples.90 Likewise, MME and 
TIMP1 proteins were measured in a small set of expressed 
prostatic secretions and differentiated moderately well 
between extracapsular (high-grade) and organ-confined 
(low-grade) prostate cancer.75

An example of how seminal-plasma-based prostate 
cancer markers could potentially be useful is provided 
by ETS gene fusions, specifically the TMPRSS2–ERG and 
TMPRSS2-ETV1 fusions, which have been identified in 
>50% of prostate cancer cases studied.94 Although such a 
fusion might not be a strong individual biomarker, it is an 

early event during prostate cancer development and could 
represent a unique lineage of prostate cancer.95 Tumours 
containing such fusions might have their own unique bio-
marker profiles, so future work, including seminal plasma 
analysis, could focus on identifying unique markers in 
patients with and without the gene fusions. In conjunc-
tion with fusion status and other pathological features of 
prostate cancer (including Gleason score and pathologi-
cal stage), seminal-plasma-based markers could provide 
diagnostic and prognostic power to further discriminate 
indolent from aggressive prostate cancers, a key unmet 
clinical need.

Integration of ‘omics’ data
Advances in genomics, epigenomics, transcriptomics 
and proteomics have resulted in the accumulation of 
immense amounts of data on disease-related genes, 
mRNA transcripts and proteins. Translation of these data 
into clinical diagnostics has not yet been fully achieved. 
Little is yet known about which genomic, epigenetic and 
transcriptomic alterations can be measured at the protein 
level in biological fluids.

After the sequencing of the human genome,96 large-
scale international projects initiated detailed investiga-
tions into elements of the genome, including elucidation of 
disease-relevant genes,97 single nucleotide poly morphisms 
(SNPs)98,99 and functional elements of the genome, such as 
regions of differential transcription, chromatin structure, 
transcription factor associations and histone modifica-
tions.100 Several cancer genome projects have provided a 
comprehensive description of genomic, transcriptomic 
and epigenomic changes in multiple tumour types and sub-
types.101,102 Since 2008, genome-wide associ ation studies 
have linked SNPs with the risk of male infertility,103–105  
prostate106–108 and testicular cancers.109,110 Information on 
differential transcriptomic changes and mRNA alterna-
tive splicing under different biological conditions has 
also been included in publicly available databases.111,112 
Finally, the Human Proteome Project has been launched 
as a global effort to catalogue the abundance, subcellular 
localization and function of all human proteins in health 
and disease.113

Disease-specific genomic alterations can be translated 
into proteins directly, through altered transcription, alter-
native splicing, translation and post-translational modifi-
cations (qualitative and quantitative changes),114–116 as well 
as indirectly, through epigenetic regulation, non coding 
RNA regulation and altered signal transduction.117,118 
Genomic alterations that can be used for diagnostics at 
the proteome level include missense SNPs and somatic 
m utations, protein-coding gene fusions, copy number 
gains and losses, disease-specific alternative splicing, 
disease-specific protein isoforms or post- translational 
modifications, and alterations in protein expression due 
to abnormal DNA methylation, histone modification, 
nucleosome remodeling and microRNA regulation.119 
Notably, qualitative alterations resulting in amino acid 
substitutions in the protein sequence are relatively rare, 
owing to the degeneracy of the genetic code, but they can 
still be evaluated as biomarkers at the protein level.114,120

ECM1 <2.3 μg/ml
TEX101 <5 ng/ml

TEX101 5–120 ng/ml

High chances of sperm retrieval by TESE

Hypospermatogenesis Maturation arrest Sertoli-cell-only syndrome

Low chances of
sperm retrieval by TESE
TESE could be avoided

ECM1 ≥2.3 μg/ml
TEX101 <120 ng/ml

Obstructive azoospermia Nonobstructive azoospermia

TEX101 <5 ng/ml

Two-marker analysis

Azoospermina is diagnosed by semen analysis

Figure 4 | Differential diagnosis of azoospermia (obstructive versus 
nonobstructive) and prediction of subtypes of nonobstructive azoospermia with 
proteomic biomarkers ECM1 and TEX101 measured in seminal plasma. When 
azoospermia is diagnosed by semen analysis, very low seminal plasma levels 
of ECM1 (<2.3 μg/ml) and TEX101 (<5 ng/ml) proteins suggest obstruction of 
vas deferens, but a high seminal plasma level of ECM1 (≥2.3 μg/ml) 
suggests nonobstructive azoospermia. TEX101 protein also distinguishes between 
nonobstructive azoospermia subtypes of Sertoli-cell-only syndrome (<5 ng/ml) and 
hypospermatogenesis or maturation arrest (5–120 ng/ml). Men with obstructive 
azoospermia have high chances of successful sperm retrieval by TESE, while for 
men with Sertoli-cell-only syndrome, sperm retrieval is unlikely, and TESE could be 
avoided. Abbreviation: TESE, testicular sperm extraction. From Drabovich, A. P. 
et al. Differential diagnosis of azoospermia with proteomic biomarkers ECM1 and 
TEX101 quantified in seminal plasma. Sci. Transl. Med. 5, 212ra160 (2013).40 
Reprinted with permission from AAAS.
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Integration of disease-specific genomic, epigenomic, 
transcriptomic and proteomic alterations provides a 
comprehensive approach to discover protein biomarkers 
in seminal plasma (Figure 5). Since 2010, several studies 
have integrated multiple ‘omics’ approaches to identify 
male infertility and prostate cancer biomarker candi-
dates,38,117 or genes involved in disease progression.73,121 
Integration of ‘omics’ approaches might reveal not only 
individual biomarkers, but also biomarker panels and 
molecular pathways altered in disease, such as metabolic 
pathways in cancer.122,123 The diagnostic performance of 
biomarker panels and protein networks to detect highly 
heterogeneous diseases, such as cancer, could be far 
superior to the performance of single biomarkers.

Seminal plasma in the clinical arena
Discussion of the potential of seminal plasma biomarkers 
is not complete without considering how they can com-
plement current diagnostic tools used in urology clinics.124 
Common clinical procedures to diagnose diseases of the 
male reproductive system include physical examination, 
imaging, surgical techniques and blood, urine and semen-
based diagnostic tests. Noninvasive imaging techniques 
and tests using blood and urine are the preferred diag-
nostic tools from the patient’s perspective. Thus, seminal-
plasma-based biomarkers will enter the clinic only if they 
outperform or complement available imaging techniques 
and blood-based tests, help to avoid invasive procedures 
(such as biopsies) and provide diagnostic information that 
cannot be obtained by a lternative methods.

Modern noninvasive imaging techniques used in 
urology clinics include MRI125 and PET.126 Transrectal 
ultrasonography is mainly used to guide needle biopsies, 
but is not employed alone as a diagnostic tool, owing to 
its relatively low resolution. The high cost of cyclotrons, 

use of radionuclides and exposure to ionizing radia-
tion limit the widespread use of PET. MRI remains the 
most promising imaging technique in terms of non-
invasiveness and safety, but its routine use is restrained 
by high costs, duration of analysis and insufficient 
resolution. Although most urological disorders do not 
require emergency diagnosis and intervention, a few 
conditions, such as acute prostatic inflammation, might 
need to be quickly confirmed by diagnostic tests. Finally, 
advanced imaging techniques are not necessarily available 
in small medical centres and are not quickly accessible in 
remote areas. These limitations of imaging techniques 
create a niche for molecular biomarker-based tests that 
could facilitate prompt decision-making at low cost and 
high accessibility.

Although seminal plasma has great potential as a 
clinical diagnostic fluid, it is possible that it might not be 
readily accepted, owing to ethical or religious consider-
ations,127 or potential difficulties obtaining semen from 
elderly men who are often most at risk of reproduc-
tive system dis orders. However, our discussions with 
patients suggest that seminal-plasma-based analysis 
for bio markers of prostate cancer aggressiveness would 
be preferable to prostate biopsy. Stringent blood–tissue 
barri ers (giving independence from the systemic circula-
tion) and the intimate physical and functional association 
with the sites of urogenital diseases make it highly likely 
that seminal plasma will find its niche for early cancer 
diagnosis and diagnosis of other diseases of the male 
reproductive system.

Conclusions
Disorders of the male reproductive system affect the 
quality of men’s lives, especially in the ageing popula-
tion. Proper treatment of such disorders is limited by 
the absence of accurate diagnostic methods. Although 
medical imaging and blood-based tests are currently the 
preferred diagnostic methods, they are far from ideal. We 
believe that seminal plasma has potential as a biological 
fluid for the discovery of novel biomarkers, and as a clini-
cal sample for noninvasive urogenital diagnostics. Seminal 
plasma biomarker discovery will be greatly aided by the 
integration of ever more powerful ‘omics’ technologies. 
Noninvasive differential diagnosis of male infertility and 
detection of aggressive prostate cancer could emerge as 
the most b eneficial uses of seminal plasma diagnostics.

Genomics

Proximal �uids, EPS
or seminal plasma

Tissues

Epigenetics Circulating cells

Transcriptomics Cell lines

Proteomics

Protein measurement in seminal plasma

Hypothesis generation
Translation to protein level

Biomarker development
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discovery
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Figure 5 | Biomarker discovery in seminal plasma through integration of ‘omics’ 
technologies. Disease-specific genomic, epigenomic, transcriptomic and proteomic 
alterations measured in tissues, cell lines and proximal fluids, such as expressed 
prostatic secretions (EPS), provide a comprehensive approach to the discovery of 
protein biomarkers in seminal plasma. Disease-specific genomic alterations are 
translated into proteins directly through transcription and translation as well as 
indirectly through epigenetic regulation, noncoding RNA regulation and altered signal 
transduction. For example, genomic alterations that can be used for diagnostics at 
the proteome level include missense SNPs and somatic mutations, protein-coding 
gene fusions and disease-specific alternative splicing forms or protein isoforms.

Review criteria

The PubMed database was searched for full-text English-
language articles published from 1942 to 2013 using 
the search terms “seminal plasma proteins”, “semen 
proteins”, “seminal fluid proteins”, “proteomics and 
biomarker discovery”, “proteomics and mass spectrometry”, 
“male reproductive system disorders”, “prostate cancer 
biomarkers” and “male infertility biomarkers” in various 
combinations. The majority of articles that we included 
were published after January 2005, while some older 
articles were used to address the history of seminal plasma 
analysis. The reference lists of selected articles were 
searched for further relevant publications.
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