
206 Journal of Human Reproductive Sciences / Volume 7 / Issue 3 / Jul - Sep 2014

2300 unique proteins have been identified by 
MS in semen specimens from fertile control 
and postvasectomy males.[11] In seminal 
plasma, 59 putative biomarkers of prostatitis 
have been recognized that need further 
validation for diagnosis and monitoring.[12] In 
addition, Milardi et al.[13] found 919 proteins 
in the seminal plasma from a group of fertile 
men and showed that semenogelin I and II 
are the main proteins in human semen. These 
proteins were previously reported to play an 
important role for fertility.[17] However, many 
seminal plasma proteins are poorly known.[18]

The number of investigations on novel 
biomarkers for diagnosis, prognosis, or 
treatment of infertility and urogenital 
diseases is currently increasing. However, 
information about the semen proteome is 
scarce. This study aims to analyze human 
seminal plasma proteins in association 
with the male fertility status using the 
proteomic technology Surface‑Enhanced 
Laser Desorption Ionization Time‑of‑Flight 
mass spectrometry (SELDI‑TOF‑MS).

MATERIALS AND METHODS

Semen samples were obtained from a total 
of 16 individuals. Nine men had fertility 

INTRODUCTION

Semen parameters[1] and functional tests[2‑4] 
of sperm cells are evaluated when assessing 
male fertility status. Nonetheless, the current 
low reference values for seminal parameters 
suggested by the World Health Organization 
(WHO)[5]  –  misdiagnose almost the entire 
infertile male population as having normal 
seminal characteristics, given that normal 
parameters decrease year after year.[6] Thus, 
it is necessary to evaluate new seminal 
parameters to better distinguish fertile and 
infertile men.

Human seminal plasma is derived from 
seminal vesicles, prostate, bulbo urethral, 
and urethral glands. The semen carries the 
spermatozoa out of the male urethra, at the 
time of ejaculation, to the female reproductive 
tract.[7] Human semen contains important 
proteins for sperm capacitation,[8] regulation of 
immune responses in the female reproductive 
tract,[9] and embryo implantation.[10]

Only a few studies have analyzed the 
proteome in seminal plasma.[11‑16] I.e. Pilch 
and Mann reported 923 proteins in human 
seminal plasma from healthy men by mass 
spectrometry (MS).[14] Recently, approximately 

Original Article

Differential protein expression in seminal plasma 
from fertile and infertile males

ABSTRACT

AIM: The aim of this study was to analyze human seminal plasma proteins in 
association with male fertility status using the proteomic mass spectrometry technology 
Surface‑Enhanced Laser Desorption Ionization Time‑of‑Flight  (SELDI‑TOF‑MS). 
MATERIALS AND METHODS: Semen analysis was performed using conventional 
methods. Protein profiles of the seminal plasma were obtained by SELDI‑TOF mass 
spectrometry over a strong anion exchanger, ProteinChip® Q10 array. RESULTS AND 
CONCLUSION: We found statistically significant differences in motility and sperm count 
between fertile and infertile men. In addition, we observed ten seminal proteins that 
are significantly up‑regulated in the infertile group. In conclusion, comparison of seminal 
plasma proteome in fertile and infertile men provides new aspects in the physiology of 
male fertility and might help in identifying novel markers of male infertility.
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alterations (the female partner did not conceive 2.6 years ‑1 
to 8  years) with no history of urogenital diseases or 
surgeries and seven healthy men had established fertility. 
This latter group included men whose partners had at 
least one pregnancy, whose last child was conceived a 
maximum of 1  year before the present study, or whose 
partner was pregnant. Infertility female factor was ruled 
out. All individuals answered a questionnaire and signed 
an informed consent prepared according to the Colombian 
Government Legislation  (Resolution 008430‑1993). The 
study was approved by Ethics Review Committee of the 
Universidad de Antioquia.

After complete semen liquefaction, semen analyses (volume, 
progressive motility, and viability) were performed 
according to the WHO guidelines for the examination of 
human semen.[5,19] The motility was determined using direct 
observation of an aliquot of the sample at ×40, and graded as 
follows: I = progressive motility; II = nonprogressive motility 
and III = immotile. Sperm concentration was determined by 
using a Makler chamber (Sefi‑Medical Instruments, Haifa, 
Israel)[20] and morphology was evaluated according to the 
Tygerberg strict criteria.[21] In addition, the teratozoospermia 
index was calculated as the number of abnormalities 
present  per  abnormal spermatozoon. The respective 
numbers of abnormalities in head, neck/midpiece and tail 
defects or presence of cytoplasmic droplets are then added 
together and the resultant sum is divided by the number of 
abnormal spermatozoa.[5,19]

The semen samples were centrifuged at 2000  g during 
15 min to separate seminal plasma. Prior to seminal protein 
evaluation, the seminal plasma was centrifuged again 
at 14,000  g for 10  min at 4°C. The semen proteins were 
measured using NanoDrop® and after diluting semen 
samples to 0.5 mg/mL in binding buffer (0.1 M Tris‑HCl, 
0.02% Tween 20%, pH = 9.0); the protein profile of the semen 
was obtained by SELDI‑TOF‑MS on‑spot over a strong 
anion exchanger ProteinChip® Q10 array (Ciphergen, 
Biosystems, CA, USA). All SELDI‑TOF analyses have 
been performed at the Institute for Human Genetics at the 
University Hospital Jena. The spots were equilibrated three 
times with 5 µl binding buffer for 5 min and then 5 µl of 
each sample were added. After incubation for 90 min in 
a humid chamber, each spot was washed twice with 5 µl 
binding buffer and twice with 5 µl distilled water. After 
air drying, the spots were coated with 0.5 µl of energy 
absorbing matrix (EAM: 20 mg/ml sinapinic acid in 50% 
acetonitrile and 0.5% trifluoroacetic acid), air dried for 
5 min in the dark, and then another 0.5 µl of EAM was 
applied using the same procedure.

The protein chip arrays were analyzed using the ProteinChip 
SELDI System Series 4000  (Ciphergen). Arrays were 

exposed to 2200 nJ laser energy to detect proteins in the 
range of 2000-20000 Da, as well as to 3500 nJ for proteins in 
the range of 20,000-200.000 Da below a pressure of 150 µPa.

For the purposes of protein identification, searchs in the 
semen proteins databases[14,22,23] UniProt, IPI and NCBI were 
performed by using the m/z value obtained for each peak 
with differential expression between the groups.

Statistical analysis
The seminal parameters in fertile and infertile men were 
compared using the Mann‑Whitney test (a nonparametric, 
independent sample median test). Statistical significance 
was defined as P < 0.05, and the statistical analysis was 
processed with Graphpad Prism 5.0.

Spectra were analyzed using the Ciphergen Express 
Client 3.1 software (Ciphergen) to differentiate seminal 
protein expression from fertile and infertile men. Receiver 
operating characteristic (ROC) curves were performed to 
determine the area under the curve, and a cut‑off value was 
selected for optimal sensitivity and specificity.

RESULTS

Analysis of seminal parameters
S t a t i s t i c a l l y  s i g n i f i c a n t  d e c r e a s e d  i n  s p e r m 
progressive [Figure 1D], and sperm count in the infertile 
group  [Figure  1f ] was observed. The other semen 
parameters were not significantly different between fertile 
and infertile groups (P > 0.05; Figure 1).

Expression profile of seminal proteins
Ten seminal proteins were detected with a statistical 
difference and a ROC value > 0.77 between the fertile and 
infertile groups: There were four peaks in the low mass 
range corresponding to small proteins  (2000–20,000 Da) 
and six peaks in the high mass range corresponding to 
large proteins  (20,000–2,00,000  Da) which were 
statistically  (P  < 0.05) differentially expressed in seminal 
samples from fertile and infertile individuals [Figure 2a-c]. 
In some cases, due to the similar molecular weight we 
tentatively grouped these as being likely the same protein.

The differential expression of proteins was visualized 
by using a heatmap based on sample group and 
mass to charge  (m/z) ratio. This shows the relative 
up‑ and down‑regulated expression of proteins in each 
individual seminal plasma sample. All differentially 
expressed proteins were up‑regulated in the seminal 
plasma from the infertile group [Figure 3a, b]. Using the 
previously published database for seminal proteins,[14,23] 
we were able to propose the potential identity of some 
proteins [Table 1].
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DISCUSSION

Male infertility is generally diagnosed in terms of 
concentration, motility, and morphology of spermatozoa. 
Often, these parameters do not accurately reflect the 
real capacity of the semen for fecundation.[2] We found 
decreased progressive motility and sperm count in semen 
samples from infertile males. However, all further semen 
parameters were classified as normal following the reference 
values of the WHO 2010.[5,6] The application of proteomic 
techniques in seminal evaluation might be useful to classify 
such individuals, whose spermatozoa fulfill the current 
parameters of normality but have fertility problems, and 
eventually further define the etiology of infertility. The 

Table 1: Approach to protein identification
International protein 
Index number

Name Reported molecular 
weight (Da)

m/z found 
by us (Da)

Difference 
(Da)

% difference Reference

Unidentified Unknown protein Unknown 3984.9
IPI00644577 Ubiquitin‑conjugating enzyme 

E2C binding protein
4040 4012.04 −27.96 0.69 [23]

IPI00032325 Cystatin‑A 11000 11002.7 −2.7 0.02 [22,14]
IPI00421832 Dermcidin 11391 11384.4 6.6 0.06 [22,14]
IPI00220281 Guanine nucleotide‑binding 

protein G (o) subunit alpha
40595 40590.5 4.5 0.01 [23,14]

IPI00220373 insulin‑degrading enzyme 118692 119442 −750 0.63 [22,14]
IPI00017601 Ceruloplasmin 122983 123135 −152 0.12 [22,14]
IPI00006288 Isoform 1 of Slit homolog 2 

protein
175803 176107 −304 0.17 [22,14]

IPI00024466 UDP‑glucose: Glycoprotein 
glucosyltransferase 1 precursor

177819 178334 −515 0.29 [22,14]

IPI00009342 Ras GTPase‑activating‑like 
protein IQGAP1

189761 189121 640 0.34 [22, 23,14]

UDP: Uridine diphosphate, GTP: Guanosine triphosphate, IQGAP1:  Ras GTPase-activating-like protein, Da: Daltons

Figure 1: Seminal parameters in samples from fertile (n = 7) and infertile (n = 9) males. a: Years; b: Sexual abstinence; c: Volume of ejaculate; 
d: Sperm vitality; e: Sperm motility I, progressive motility; f: Sperm motility II, non-progressive; g: Sperm count, and h: Normal morphology. Mann-
Whitney test *P < 0.05

a b c d

g hfe

advantage of SELDI‑TOF‑MS is its ability to provide 
rapid protein expression profiles from complex biological 
samples like seminal plasma, with a minimal requirement 
for purification and separation of protein prior to mass 
spectrometry. The method is not applicable for routine 
diagnostics because of low accessibility to SELDI‑TOF 
spectrometers for IVF centers.

In our analysis several proteins were differentially expressed 
in the semen of fertile and infertile males. Although we 
did not perform the final identification of these proteins, 
the databank search provided several candidates which 
will be discussed in the following section, provided our 
suggestion corresponds to the reality, which we believe is 
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Figure 3: The heat map represents relative expression of proteins with significant differences in fertile and infertile seminal samples. Red 
represents over-expression, green represents under expression

a b

a b

c

Figure 2: P value plot of proteins in seminal plasma. Each square stands for a differentially expressed protein (a and b). Large squares show 
the proteins with a differential expression (P < 0.05) between semen samples from fertile and infertile men. Squares around similar molecular 
weight were grouped (ten proteins). The behavior of these proteins in the two groups of patients is shown in the box and whisker graph. F: Fertile 
men; I: infertile men (c). m/z: Mass to charge ratio

highly likely to be the case. Smaller molecules in the peptide 
range may also be important for activation of maternal 

immunoprotective responses[24] but were not investigated 
in this study.
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We found the ubiquitin‑activating enzymes (E2) increased 
in semen from infertile males. This protein is involved in the 
ubiquitin transfer to targets in the proteasome system. This 
increased enzyme in infertile patients might be involved 
in the ubiquitin transfer to the surface of defective sperm 
during epididymal passage[25] or ejaculation. Ubiquitin 
was detected in human epididymal cells[25] and seminal 
plasma[26] and a relationship with sperm quality was 
proposed.[27,28] In humans and other mammalian species, 
male infertility has been associated with a higher content of 
sperm surface proteins that cross‑react with antiubiquitin 
antibodies[28] and bind predominantly to the surface of 
defective spermatozoa.[27]

We have demonstrated in the infertile group an increase 
in the concentration of a protein with a molecular weight 
of 11002.7 Da which may be identical with the cysteine 
protease inhibitor cystatin A. Cystatins are endogenous 
inhibitors of cysteine proteinases. They inhibit cysteine 
proteinases such as the mammalian cathepsins B, H, 
L, and S. Previously, it has been shown that cystatin 
A is expressed in the basal epithelial cells of normal 
prostate and that this expression disappears in prostatic 
carcinoma.[29] However, the function of this protein 
remains unclear.

In the group of infertile patients, we found an increase 
of a protein with the m/z value identical with that of 
ceruloplasmin. This protein is a serum ferroxidase that 
contains over 95% of the copper found in plasma. In vitro 
ceruloplasmin is capable of catalyzing the oxidation of a 
number of different substrates. Ceruloplasmin is a member 
of the multicopper oxidase family, an evolutionarily 
conserved group of proteins that utilize copper to couple 
substrate oxidation with the four‑electron reduction of 
oxygen to water.[30,31] Previously, ceruloplasmin has been 
measured in seminal fluid and circulating blood of normal 
and vasectomized subjects,[32] but not in fertile versus 
infertile individuals.

All the other proteins such as the alpha‑subunit of the 
guanine nucleotide‑binding protein G, the isoform 1 of 
slit homolog 2 protein and UDP‑glucose glycoprotein 
glucosyltransferase 1 precursor were predominantly 
up‑regulated in the semen of infertile men. Dermcidin is 
an antimicrobial agent secreted and transported via sweat 
to the epidermal surface.[33] The insulin degrading enzyme 
(IDE), an ubiquitously expressed zinc‑metalloprotease 
that degrades several pathophysiologically significant 
extracellular substrates, is the major enzyme responsible for 
insulin degradation in vitro.[34] The Ras GTPase‑activating‑like 
protein IQGAP1 is an ubiquitously expressed protein 
involved in regulation of various cellular processes 
ranging from the organization of the actin cytoskeleton, 

transcription, and cellular adhesion to regulate the cell 
cycle.[35] The possible role of these proteins in human fertility 
is unknown.

Summarizing, the Seldi TOF proteomic analysis of seminal 
plasma proteins has yielded identification of differential 
expression in fertile and infertile individuals. These might 
indicate pathways of research to better understand the 
patophysiology of male fertility, and might help to identify 
novel markers of male infertility. Already, we believe that 
the presented candidates may serve as novel markers for 
infertility in men and may be recommended for analyses 
by using specific antibody‑based methods in future double 
blind larger prospective studies.
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