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Abstract: Background: Assisted Reproduction Techniques (ART) have significantly advanced
since the first successful In Vitro Fertilization (IVF). However, most in vitro—produced embryos
fail to implant. Key steps in ART are the correct infertility diagnosis, in order to manage the indi-
vidualised treatments, and the assessment of gamete and embryo viability, to identify the embryo
with the best implantation potential.

Objective: The goal for this manuscript was to present a brief review of proteomics in Assisted
Reproduction Technologies (ART) and raises the question of whether proteomics is a good alterna-
tive for the future of ART.

Methods: A literature review concerning proteomics and assisted reproduction was conducted.

Results: Non-invasive approaches to correctly diagnose infertility and to access embryo develop-
ment potential have the advantages of increasing our knowledge about embryo physiology, there-
fore allowing the development of methods to predict developmental competence and viability.
These approaches include proteomic profiling and other omics technologies.

Conclusion: The use of proteomics in clinical practice goes beyond the identification of the oocytes
and embryos with the best developmental potentials, it may add to the diagnosis of both male and
female infertility and in the future, it may be a laboratory tool that will contribute to the birth of a

1

healthy child.
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1. INTRODUCTION

Proteomics is a new frontier of the research in the field of
human reproduction that is evolving very fast and provides
the opportunity to elucidate complex biological systems,
including fertilization, embryo implantation, and pregnancy

[1].

Indeed, the large-scale identification of proteins and the
study of their interactions may lead to the complete charac-
terization of biological mechanisms [2] and may allow the
identification of valuable biomarkers of gamete quality and
embryo development [3].

Mass spectrometry—based proteomics has become the
method of choice for the analysis of complex protein sam-
ples in which the identification of peptides is based on the
ionization process. Each mass/ionic charge (m/z) peak is
compared to a database with all known proteins. The pro-
teomic screening must be preceded by analytical protein
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separation, whose resolution can simplify the identification
of specific proteins [4].

2. PROTEOMIC AND OOCYTE

Follicular fluid is an ideal substrate in which to perform a
proteomic analysis because it consists of a huge amount of
proteins with significant roles in oocyte growth and devel-
opment. Besides that, in ART procedures, it is possible to
collect a high amount of this biological fluid [3].

The elucidation of its protein composition can identify
reliable, valid biomarkers of ART outcomes. The compari-
son of plasma and follicular fluid in samples of patients un-
dergoing IVF cycles may point to proteins related to follicle
permeability during the oocyte maturation process [5].

Angelucci et al. [6] identified in follicular fluid a high
concentration of proteins involved in the inflammatory proc-
ess and antioxidant enzymes expressed in the follicle only
after its complete maturation.

Other authors have analyzed follicular fluid’s proteomic
profile. Twigt et al. [7] have described the proteomic profiles
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of 246 patients with coagulation disorders and anti-
inflammatory reactions associated with a follicle maturation
deficiency. Jarkovska et al. [8] detected 43 proteins exclu-
sively expressed in patients who presented hyper-
stimulation. In another study, eight proteins were identified
as biomarkers of hyper-stimulation [9].

Finally, 11 proteins were differentially expressed in pa-
tients with positive responses to IVF when compared with
those that did not achieve pregnancy [10].

3. PROTEOMICS AND MALE INFERTILITY

The investigation of male infertility is mainly based on
the analysis of seminal parameters (sperm concentration,
motility and morphology) [11], hormonal profile (Testoster-
one, FSH, LH, etc.), testicular ultrasound analysis, genetic
testing (karyotype, Y chromosome microdeletion), and other
sperm function tests (DNA fragmentation, acrosomal integ-
rity, mitochondrial activity) [12-14]. However, this approach
is not completely informative about the cause of male infer-
tility. Therefore, new tests are needed to complete male in-
fertility diagnosis and lead to conceptions. In this matter, the
proteomic analysis of male fertility has become increasingly
important [15].

More than 6,198 proteins present in human semen have
been identified to be involved in the most diverse functional
processes of spermatozoa [16]. These proteins are basically
divided into two groups: regulatory proteins and structural
proteins [17]. Proteins such as semenogelin 1 and 2, olfac-
tory receptor 5R1, lactoferrin, hCAP18, spindling, and clus-
terin appear to be linked to male fertility; therefore, they are
potential biological markers [18].

Studies on testicular tissue’s proteomic profile have
found a wide range of proteins; however, fewer than 200 of
these proteins are common among these studies. This indi-
cates that experimental variation can generate different sets
of data, which impairs the use of these findings [19-21]. In
2011, Li et al. [20] showed that heterogeneous nuclear ribo-
nucleoprotein L (HnRNPL) was under-expressed in the tes-
tes of patients with Sertoli Cell Only Syndrome, revealing
the probable importance of this protein as a regulator of the
growth and apoptosis of the spermatogonia. There is still
great difficulty in analyzing testicular material, since many
proteins are only expressed or activated at more advanced
stages of spermatogenesis, besides the difficulty of obtaining
testicular material and processing it [22]. Thus, most studies
have used seminal plasma or the supernatant resulting from a
centrifugation to perform the analysis [23].

Asthenozoospermic men appear to have reduced expres-
sion of the heat shock protein (HSPs) when compared to
normozoospermic men, suggesting that this protein plays an
important role in egg-sperm interaction [24, 25]. A total of
101 proteins were differentially expressed in asthenozoo-
spermic patients when compared to healthy donors. Overex-
pressed proteins were fructose-bisphosphate-aldolase A,
glyceraldehyde-3-phosphate dehydrogenase, legumain pre-
cursor, and epididymal-secretory protein E4, while DJ-1,
which seems to be related to the reduction of oxidative
stress, was under-expressed [25, 26]. Sperm motility was
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also correlated with the expression of proteasome alpha 3
[27].

Proteomics may aid the diagnosis of azoospermias (ob-
structive — OA — vs. non-obstructive — NOA). Studies have
identified different protein expression when fertile patients
have been compared with OA and NOA patients [28, 29].
The ECM1 expressed in the epididymis and the TEX101
expressed in the testis appear to be highly sensitive and spe-
cific markers to differentiate OA patients from NOA patients
[30].

Azoospermic patients show an overexpression of
prostatic acid phosphatase when compared to normozoo-
spermic, asthenozoospermic, and oligozoospermic patient
groups; in addition, other proteins are differently expressed
in such patients, including fibronectin, proteasome subunit
alpha type-3, beta-2-microglobulin, galectin-3-binding pro-
tein, prolactin-inducible protein, and cytosolic nonspecific
dipeptidase [31].

Concerning the use of proteomics as a predictive tool for
pregnancy outcome among normozoospermic patients, pre-
vious studies have presented different findings. The A2LD1,
ATP1B3, and FBXO2 proteins were differentially expressed
when patients who achieved fatherhood were compared with
those who did not [32]. Azpiazu ef al. found 66 other pro-
teins differently expressed among these groups, and the rela-
tionship of these proteins with lipoprotein metabolism and
chromatin assembly may explain failure to conceive [33].

Proteomic analysis has also been associated with other
seminal parameters, such as mitochondrial activity (annexin
A7, endoplasmic reticulum resident protein 44, and glu-
tathione S-transferase Mu3), acrosomal integrity (phosphol-
ipid transfer protein), and DNA fragmentation (cysteine-rich
secretory proteins, retinoic acid receptor responder proteinl,
proteasome subunit alpha type-5) [34].

Not only the expression level of the proteins but also the
post-translational modifications are important for the fertili-
zation mechanism. One example is phosphorylation, which
changes proteins’ structures and appears to be strongly
linked to the process of sperm capacitation [35-37]. Acetyla-
tion of lysines also appears to play a key role in sperm ca-
pacitation and sperm motility [38].

There is still lack of consensus concerning which bio-
markers may be used as a diagnosis tool in male infertility,
but studies are advancing, and in the near future, proteomics
will be part of the clinical routine of male infertility.

4. PROTEOMICS AND EMBRYO QUALITY

Previous reports on proteomics and embryo quality have
correlated the concentration of amino acids in the culture
media with embryo developmental potential. Patients with
positive result regarding ongoing pregnancy presented a dif-
ferent profile of amino acids than did those with negative
results, regardless of maternal age [39].

More recently, studies have focused on proteomics pro-
files and been able to identify biomarkers of embryo quality,
blastocyst formation, and implantation [40-43]. Other
authors have correlated the presence of a specific protein
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responsible for inflammatory stress with the incidence of
embryo aneuploidy [44].

CONCLUSION

Although there are still obstacles to overcome concerning the
use of proteomics technology in assisted reproduction, stud-
ies have suggested that this technology is a highly sensitive
method with quantitative efficiency. Its use in clinical prac-
tice goes beyond the identification of the oocytes and em-
bryos with the best developmental potentials or prediction of
a pregnancy’s outcome. It may add to the diagnosis of both
male and female infertility, adding to our understanding of
cell biology, and in the future, it also may be a laboratory
tool that will contribute to the birth of a healthy child.
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