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Objective: To analyze the seminal plasma proteome and biological functions associated with sperm functional alterations.
Design: Cross-sectional study.
Setting: University andrology and research laboratories.
Patient(s): A total of 156 normozoospermic men.
Intervention(s): Sperm mitochondrial activity, acrosome integrity, and DNA fragmentation were evaluated in a semen aliquot. Re-
maining semen was centrifuged, and seminal plasma was utilized for proteomic analysis (liquid chromatography–tandem mass spec-
trometry). Patients were divided into percentiles (15%) to form the following groups: substudy 1, high (control, n¼ 26) and low (study, n
¼ 23) sperm mitochondrial activity; substudy 2, high (control, n¼ 23) and low (study, n¼ 22) sperm acrosome integrity; and substudy
3, low (control, n ¼ 22) and high (study, n ¼ 22) sperm DNA fragmentation. Groups were compared using univariate and multivariate
analyses. Differentially expressed proteins were used for functional enrichment analysis.
Main Outcome Measure(s): Seminal plasma proteome and postgenomic pathways are associated with several sperm functional traits.
Result(s): In total, 506, 493, and 474 proteins were observed in substudies 1, 2, and 3, respectively. Enriched functions in substudy 1
were intramolecular oxidoreductase activity, aminoglycans catabolism, endopeptidases inhibition, lysosomes, and acute-phase
response (study group). In substudy 2, main enriched functions were phospholipase inhibition, arachidonic acid metabolism,
exocytosis, regulation of acute inflammation, response to hydrogen peroxide, and lysosomal transport (study group). In substudy 3,
enriched functions were prostaglandin biosynthesis and fatty acid binding (study group). We proposed eight, six, and eight seminal
biomarkers for substudies 1, 2, and 3, respectively.
Conclusion(s): Seminal plasma proteome reflects sperm mitochondrial activity reduction,
acrosome damage, and DNA fragmentation, with several postgenomic functions related to these
alterations. (Fertil Steril� 2015;-:-–-. �2015 by American Society for Reproductive
Medicine.)
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S perm functional alterations,
referring to any alteration in
sperm that may affect essential

functions, such as motility or fertiliza-

tion ability, are recognized as one of
the major cellular mechanisms under-
lying male infertility and can be
observed in at least 25% of infertile

men (1–3), such as men with
varicocele (4–7), obesity (8), or
smoking habits (9). Therefore, the
evaluation of sperm function may
provide further information regarding
male fertility potential (10, 11).
However, its relevance as an infertility
diagnostic method is still the subject
of debate (12, 13). Thus, new studies,
mainly focusing on the molecular
mechanisms involved with sperm
functional alterations (14), could
provide novel methods for sperm
quality evaluation that might be
clinically relevant (15). These studies

Received July 21, 2015; revised October 7, 2015; accepted November 2, 2015.
P.I. has nothing to disclose. M.C. has nothing to disclose. M.P.A. has nothing to disclose. A.P.C. has

nothing to disclose. V.M.C. has nothing to disclose. K.H.M.C. has nothing to disclose. D.S.Z. has
nothing to disclose. R.P.B. has nothing to disclose.

Supported by Fleury projects funding, National Council for Scientific and Technological Development
(CNPq, process 472941/2012-7), and S~ao Paulo Research Foundation (scholarship for P.I., process
2012/1463107).

Reprint requestsQ2 : Ricardo Pimenta Bertolla, Ph.D., Human Reproduction Section, Division of Urology,
Department of Surgery, S~ao Paulo Federal University, R Francisco Cruz, 462, ap 51, S~ao Paulo, S~ao
Paulo 04117-091, Brazil (E-mail: rbertolla@yahoo.com).

Fertility and Sterility® Vol. -, No. -, - 2015 0015-0282/$36.00
Copyright ©2015 American Society for Reproductive Medicine, Published by Elsevier Inc.
http://dx.doi.org/10.1016/j.fertnstert.2015.11.005

VOL. - NO. - / - 2015 1

ORIGINAL ARTICLE: ANDROLOGY

FLA 5.4.0 DTD � FNS29953_proof � 24 November 2015 � 5:55 pm � ce JS

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://fertstertforum.com/bertollar-proteomics-sperm-function/
http://fertstertforum.com/bertollar-proteomics-sperm-function/
mailto:rbertolla@yahoo.com
http://dx.doi.org/10.1016/j.fertnstert.2015.11.005


are even more necessary in cases of idiopathic infertility,
which account for approximately 25% of infertile couples
and are possibly caused by sperm functional alterations (16).

In this context, studying the seminal plasma proteome
could allow the discovery of protein biomarkers of sperm
functional alterations that, after further studies, may provide
a kit for an easy and noninvasive diagnostic tool of sperm
functional alterations. This analysis, coupled with semen
analysis, would provide a more complete diagnosis of male
infertility. Given that this diagnostic method would rely on
protein quantification, as it is already used for diagnosis of
other diseases, such as prostatic cancer (prostate-specific an-
tigen quantification), this would be feasible and cost-effective
in the laboratory setting, quickly providing the detection of
sperm functional alterations.

Accordingly, in a recently published study (17), we have
already demonstrated that the seminal plasma proteome is
associated with semen oxidative stress, and suggested a sem-
inal biomarker (Mucin-5B). Although the sperm could be
directly evaluated, most men who seek infertility treatment
have low sperm concentration, which impairs the use of
sperm as a source for protein evaluation in the clinical setting,
especially if the semen sample will be further used for IVF or
intracytoplasmic sperm injection. On the other hand, seminal
plasma is often obtained in larger amounts, and its proteome
might reflect sperm functional alterations for several reasons.
First, approximately 10% of seminal plasma proteins are of
testicular or epididymal origin (18). Studies have shown
that seminal plasma epididymal proteins play a major role
in sperm quality (19) and that proteins associated with testic-
ular function may be observed in seminal plasma (20–22).
Seminal plasma proteome alterations have already been
associated with several infertility factors, such as
nonobstructive azoospermia (23, 24), obstructive
azoospermia (25), asthenozoospermia (19), varicocele (26),
and vasectomy (18, 23), as well as with sperm functional
alterations, such as sperm DNA fragmentation (22).
Therefore, the seminal plasma proteome directly reflects
spermatogenesis and epididymal maturation status.
Additionally, proteins from altered sperm present
throughout the male reproductive tract can compose the
seminal plasma (27–29), demonstrating that the seminal
plasma proteome also reflects sperm integrity. Last, seminal
plasma proteins can regulate sperm function (20), which is
corroborated by human and bovine studies showing that the
addition of seminal plasma of high motility to low-motility
sperm may improve its function (30–32). Thus, studying the
seminal plasma proteome might provide some important
insights regarding sperm function.

Among the main physiologic features necessary for
sperm function, we highlight [1] the presence of active mito-
chondria, which is important for an adequate motility and hy-
permotility pattern and, consequently, for sperm transit
through the female reproductive tract and fertilization ability
(33), [2] an intact acrosome structure, essential for a correct
acrosome reaction and, thus, for sperm penetration into the
zona pellucida (34), and [3] DNA integrity, necessary for pro-
duction of a viable embryo without genomic alterations, that
can pursue a correct development, culminating in the birth of

a healthy baby (35). Therefore, these sperm functions are
required for male fertility, and understanding the effects of al-
terations on these features on the seminal plasma proteome
would be of great interest.

Thus, we hypothesized that the seminal plasma proteomic
profile could reflect alterations to sperm mitochondrial activ-
ity, acrosome integrity, and spermDNA fragmentation, owing
to direct alterations on spermatogenesis or epididymal matu-
ration, and to sperm damage. To test this hypothesis, we per-
formed a shotgun proteomic analysis of seminal plasma
associated with these alterations. This untargeted approach
provides a screening of seminal plasma proteome, which is
the first step toward biomarker discovery (36). With our
results, we were able to identify the differential protein
expression related to each sperm functional alteration and,
therefore, the seminal biomarkers of these alterations. Hence,
after biomarker validation, these may be used as diagnostic
methods of sperm functional alteration in the clinical setting.
Moreover, through functional enrichment analysis we have
identified the altered seminal plasma biological functions
related to sperm functional quality, providing further insight
into the mechanisms associated with these alterations.

MATERIALS AND METHODS
Study Design

This study received institutional review board approval from
the S~ao Paulo Federal University (Brazil) Research Ethics
Committee. All included subjects provided informed, written
consent.

A cross-sectional study was used including the patients
referred to the Andrology Laboratory of the Human Repro-
duction Section from S~ao Paulo Federal University. Inclusion
factors were men aged 20–50 years, presenting sperm con-
centration >15 � 106/mL. Exclusion factors were ejaculate
volume <1.5 mL, progressive motility <32%, morphology
<4%, or leukocyte concentrationR1� 106/mL. Only normo-
zoospermic men were included in this study, because studies
have already demonstrated that asthenozoospermic and tera-
tozoospermic men present differences in their seminal plasma
proteome (19, 37). Therefore, we tried to isolate our study
factors (alterations in sperm mitochondrial activity,
acrosome damage, and DNA fragmentation), excluding the
bias that the inclusion of men with seminal alterations
would add to our study, to detect the proteome changes
indeed associated with sperm functional alterations.

Semen was collected at the Andrology Laboratory be-
tween July 2012 and November 2013, by masturbation after
2–5 days of ejaculatory abstinence. In total, 233 samples
were collected, of which 77 were excluded owing to semen
analysis alterations. Therefore, a total of 156 normozoosper-
mic patients were included in this study. This cohort was pre-
viously used in another published study from our group (17).

After semen liquefaction, an aliquot was used for semen
analysis, performed according to the World Health Organiza-
tion (2010) criteria (38). Another aliquot was used for evalu-
ation of sperm mitochondrial activity, acrosome integrity,
and DNA fragmentation. Sperm functional analyses were per-
formed in individual samples. The remaining semen volume
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