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Introduction
Infertility affects 15% of all couples around the world. Moreover, 

50% of these couples are infertile due to causes related to the male. 
In 1981, Assisted Reproductive Technology (ART) was introduced. 
ART includes in vitro fertilization (IVF) and Intracytoplasmic Sperm 
Injection (ICSI). In IVF, collected eggs and sperm are fertilized in a 
petri dish before being exposed to the female’s receptive endometrium 
in hopes of establishing implantation and a successful pregnancy. ICSI 
treats extreme cases of male infertility and involves injecting a selected 
sperm into an egg in order to ensure that fertilization occurs. In 2010, 
in recognition of the development and success of ART, Professor Sir 
Robert G. Edwards, the pioneer of human IVF, was awarded The Nobel 
Prize in Physiology or Medicine. Every year, 1% of all live births in 
the United States and 3% of all live births in Australia are attributed 
to ART [1,2]. In fact, in 2012, a total of 65,160 live born infants were 
conceived via ART and over 456 clinics in the United States utilized 
ART in 2012. 

Despite the immense success of ART, there is great room for 
improvement. Rates of successful implantation and pregnancy per 
transferred embryo remain very low. In fact, 70% of transferred embryos 
fail to implant [3]. Also, when multiple embryos, rather than a single 
one, are transferred, patients are exposed to various complications such 
as an increased risk of a multiple pregnancy. Multiple pregnancies carry 
an increased risk of miscarriage(s), premature labor and premature 
birth; increased financial and emotional cost; increased incidence of 
hypertensive disorder in pregnancy (gestational hypertension and 
preeclampsia) and diabetes in women pregnant with more than one 
fetus and a likely need for prolonged hospitalization for the mother 
and babies after delivery. Another possibility is a tubal (ectopic) 
pregnancy and the chance of a combination of normal pregnancy 
and ectopic pregnancy. A tubal pregnancy may require laparoscopy 
or major surgery for treatment. In order to improve ART success 

rates and efficacy, it is important to establish a non-invasive, reliable, 
conclusive, specific, and efficacious means of assessing endometrial 
receptivity, embryonic viability, aneuploidy, and fertilizing ability of 
the spermatozoa via proteomics. These biomarkers will help increase 
ART success rates and replace multiple embryo transfer with single 
embryo transfer per ART procedure.

Proteomics is the study of the expression, localization, functions, 
post-translational modifications and interactions of proteins that 
are expressed by a genome at a specific condition and at a specific 
time. Proteomics identifies differentially expressed proteins utilizing 
robust techniques and search engines and data bases, quantifies their 
presence and also highlights the proteins that could serve as potential 
candidates by validation studies. Hence, proteomics provides us with 
information regarding the functionality of the cell as they represent 
proteins are the functional units of the cell [4]. They drive every cellular 
process after being transcribed, translated, and modified from their 
genomic origin. There are over 200 post-translational modifications, 
including splicing, glycosylation, phosphorylation, acetylation, etc. 
[5]. Due to post-translational modifications, multiple proteins can 
be derived from a single polypeptide which originates from a single, 
parent mRNA transcript, and hence, from the gene. Thus, the level of 
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a specific protein within a cell does not necessarily correlate with the 
levels of its parent transcript [6]. Also, because of these alterations, 
the primary, secondary, and tertiary structure of a protein differs from 
the structure originally encoded by its parent transcript and gene [7]. 
As a result, applying proteomics to understand the functionality of a 
cell is far more advantageous than applying genomics, the study of 
the cellular genome, and transcriptomics, the study of the cellular 
transcriptome [8]. 

In comparative proteomics, proteomic techniques compare and 
contrast the proteomes of two different cells in order to examine their 
proteomic differences. These differences may consist of the presence 
or absence of a specific protein, differing levels of expression of a 
specific protein, or different qualitative characteristics of a specific 
protein [9]. For instance, if comparative proteomics was done on a 
normal cell and a pathological cell, then their proteomic differences 
could serve as a biomarker for the pathological state. “A biomarker is 
defined as a biological component, such as protein, miRNA or gene, 
whose concentration is altered according to the presence of a specific 
disease or outcome [10]. Biological functions, protein abundance and 
availability are some criteria that can be used to choose a protein to be 
validated. Validation of a protein is a complex process and can be done 
by finding proteins in-silico with bioinformatics or with validation 
techniques such as western blot and immunochemistry. Biomarker 
may have inherent reasons for variable expression [11]. In patients 
with endometriosis related infertility, biomarker expression can vary 
with menstrual cyclical phases, endometriosis stage and location of 
the endometriosis implant [11]. Lack of validation can result from 
limited numbers of cases and controls, lack of reproducibility and 
lack of robust statistical and bioinformatics approaches. Besides, 
globally standardized operating procedures and standardized clinical 
phenotyping should be achieved for characterization of a biomarker 
[12-14]. 

Many proteins have been studied in the female reproductive 
biologic windows. When referring to non-invasive diagnosis, urine, 
plasma, serum, peritoneal fluid, follicular fluid or even menstrual fluid 
can be considered. Menstrual fluid can be taken from the vagina’s 
posterior fornix or from the cervix during speculum examination. 
Transcervical biopsy of the endometrium is considered a semi-invasive 
diagnosis, but is also useful. A good biomarker needs to have high 
specify and sensitivity and has to be affordable. Moreover, researcher 
have to have in mind that they need to achieve reproducible results 
and find proteins that are common between women of different ages, 
nationalities and cultures A biomarker is any biological molecule whose 
presence, quantity, or qualitative characteristics indicate a biological 
phenomenon, such as a pathological state. The ideal biomarker must 
be safe, easily, and accurately identified in a cost-effective and non-
invasive or minimally-invasive manner [15]. In ART, biomarkers 
should have a significant potential of predicting fertilization, 
implantation and embryonic viability [16]. Proteomics is thus the 
key to improving ART success rates by identifying, quantifying, and 
characterizing protein profiles of the key players that determine ART 
success rates. These include the spermatozoa, oocyte, endometrium, 
uterine fluid, and embryonic secretome. The proteomic profiles can 
be diagnostically useful and capable of predicting sperm fertilizing 
potential, endometrial receptivity, embryonic viability, and aneuploidy 
in a reliable, non-invasive manner. 

There are several proteomic techniques that detect and characterize 
differentially expressed proteins between two samples (Figure 1), an 
example of which is the 2- dimensional gel electrophoresis (2-DE) 

which detects low levels of proteins present in biological samples.  
During the first step, proteins are separated in the first dimension 
according to their isoelectric points (pI), based on their charges.  In 
the second dimension, the proteins are separated according to their 
molecular weight using sodium dodecyl sulphonate polyacrylamide gel 
electrophoresis (SDS-PAGE). However, 2-DE has limited sensitivity and 
poor reproducibility. 2-Dimensiomal difference in gel Electrophoresis 
(2-DIGE) was developed to surmount the limitations of 2-DE. In this 
technique, two protein samples are separately labeled with different 
fluorescent dyes. The labeled proteins are electrophoresed on the 
same 2-DE gel. 2-DIGE utilizes mass- and charge-matched, spectrally 
resolvable fluorescent dyes. The common dyes are Cy2, Cy3 and Cy5 
and up to 3 different protein samples can be labeled prior to 2-D 
electrophoresis. Samples (control and the experimental) are run in a 
single polyacrylamide gel. The imaging however is separately visualized 
[17]. Differentially expressed proteins are detected, quantified and 
annotated using appropriate software. 2D-DIGE, therefore, is more 
sensitive and accurate technique that allows comparison between 
protein expressions among different samples. It can detect differences 
as small as 10% and therefore provides all the advantages of 2D-PAGE 
while overcoming the challenges inherently seen in a 2D-PAGE. 

In gel-based proteomics, the gel of interest is excised and digested 

Figure 1: An overview of general methods used for protein isolation and 
identification in seminal plasma and spermatozoa. 
Abbreviations: 2D-DIGE: 2 Dimensional-Differential In gel electrophoresis; 2D-
GE: 2 Dimensional-gel electrophoresis; LC-MS/MS: Liquid chromatography-
tandem mass spectrometry; MALDI-TOF: Matrix Assisted Laser Desorption 
Ionization-Time of Flight MASCOT: A tandem mass spectrometry data analysis 
program from Matrix Science, which is used for protein identification; OS: 
Oxidative stress; ROS: Reactive oxygen species; SEQUEST: A tandem mass 
spectrometry data analysis program used for protein identification; TAC: Total 
antioxidant capacity.
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with trypsin to break the proteins into peptides. These peptides are 
separated according to the mass-to-charge ratio by utilizing mass 
spectrometry [18]. Different modifications of mass spectrometry are 
available such as matrix assisted laser ionization/ desorption ionization 
(MALDI) and electrospray ionization (ESI). MALDI is a solid-state and 
pulsed process, whereas ESI is a liquid phase and induces continuous 
ionization. The most commonly used mass analyzers for protein 
biochemistry applications are time-of-flight (TOF), triple-quadrupole, 
quadrupole-TOF, ion trap instruments, and hybrid ion trap Orbitrap 
instruments (Figure 1). The TOF analyzer is conceptually the simplest 
spectrometer [18]. Typical configurations for biological applications 
are MALDI-TOF and ESI coupled to an ion trap, triple-quad, 
Quadrupole-TOF, or orbitrap. Another variant of MALDI-TOF is the 
surface-enhanced laser desorption/ionization (SELDI) –TOF. Post-
translationally modified proteins can also be detected using SELDI-
TOF-MS. There are other mass spectrometry methods that do not use 
TOF such as the Q-Exactive (Thermo). It utilizes a quadrupole-orbitrap 
hybrid mass spectrometer, and is the most widely used platform for 
shotgun proteomics. Similarly, Waters’ MSE platform depends on 
a Quadrupole analyzer (hybrid) in line. Liquid chromatography–
mass spectrometry (LC–MS) technology is the recognized standard 
for accurate mass and high-resolution measurement. LC–MS is a 
hyphenated technique, which combines the separation power of LC 
with the detection power of MS. LC-MS/MS (tandem MS) has helped 
in developing routine methods of high sensitivity, high specificity, 
high throughput, and high cost effectiveness in biochemical genetics/
newborn screening, drug and toxicology testing and endocrine testing 
of steroids and biogenic amines. Search programs such as Mascot, 
Sequest, X!Tandem, and Andromeda are widely used. MaxQuant, a 
computational proteomics platform is also helpful in comparing the 
experimentally observed MS/MS spectrum to the predicted peptide 
spectra and determine which peptides, and therefore which proteins, 
are the best matches. Coupling LC-MS/MS with database searches 
can result in thousands of protein identifications from a single 
experiment [19]. Common uses of MS based proteomics include: 1) 
Protein identification, 2) protein sequencing, 3) identification of post-
translational modifications and 4) characterization of multi-protein 
complexes.

In this article, we highlight the most relevant studies; summarize 
their results, and briefly describe the potential of proteins as markers 
in predicting embryonic viability, successful implantation, successful 
pregnancy and aneuploidy in ART as well as enumerate the challenges 
and limitations.  

Endometrial Receptivity
The endometrial cycle consists of three phases, i.e. the menstrual, 

proliferative, and secretory phases. The endometrium undergoes 
various dynamic changes throughout each phase. These changes are 
orchestrated by several proteins, including growth factors, cytokines, 
phosphatases, and kinases [20]. The highest amounts of proteins are 
secreted during the secretory phase as the endometrium prepares itself 
to accept an embryo. In fact, endometrium becomes receptive during 
the mid-secretory phase, after ovulation, during the 19th-23rd day of 
the menstrual cycle [21]. The window of implantation takes place 
during the progesterone peak. Thus, progesterone drives receptivity by 
regulating genetic and proteomic expression. 

In order for implantation and pregnancy to occur, transferred 
embryos must be received by a receptive endometrium. Unfortunately, 
there is no single specific test for endometrial receptivity [22]. Instead, 

endometrial status is detected via inconclusive, clinically-insignificant 
morphological and histological data attained via various imaging 
techniques [23,24]. Morphological data is clinically not significant 
because it is cannot detect abnormal endometrial receptivity and fails 
to distinguish receptive from non-receptive endometrium [25]. 

Protein biomarkers of endometrial receptivity can be identified 
by differentiating the proteomes of endometrial tissue or uterine 
fluid, representing the endometrial secretome during the receptive 
and non-receptive phases of the menstrual cycle. It was recently 
reported that the endometrial tissue is obtained via biopsy or curettage 
while uterine fluid is collected via aspiration or flushing of the fluid. 
Conducting proteomic studies on uterine fluid is more advantageous 
than endometrial tissue for various reasons [26,27]. For one, aspiration 
and lavage are less invasive than biopsy and curettage, and hence, 
expose the patients to fewer complications [23]. The endometrium is 
not harmed and implantation rates are not altered after aspiration of 
uterine fluid via an embryo catheter [28].  

In addition, endometrial tissue is morphologically dynamic. The 
cellular composition and structure not only vary throughout the 
menstrual cycle, but also amongst different individuals. Furthermore, 
the endometrium is a mosaic as different structural parts of the same 
endometrium vary in composition at a given time [29]. As a result, it is 
difficult to obtain a standardized endometrial biomarker. Laser capture 
can reduce this endometrial mosaic structure and complexity. This 
may alter protein concentration and further complicate the proteomic 
study [30]. Furthermore, tissue biopsy does not represent the entire 
endometrium. Instead, biopsy picks up a limited amount of tissue that 
represents a random 2-4% of the overall morphologically dynamic 
tissue [31]. Thus, specific biomarkers identified via biopsy cannot be 
apSTATH characterize the whole dynamic STAsue [32]. Moreover, 
proteomic studies on endometrial tissue usually detect proteins that 
are in high abundance, most of which have structural functions [30]. 
In order to detect less abundant, yet more functionally significant 
proteins, endometrial samples have to be pre-fractionated before and 
analyzed in gel-free methods such as liquid chromatography/capillary 
electrophoresis [33]. 

On the other hand, proteomic profile of the uterine fluid is less 
complicated than endometrial tissue proteome [27]. Furthermore, 
uterine fluid reflects the microenvironment of the uterus during the 
implantation period [23]. Thus, any molecular alterations within uterine 
fluid reflect alterations in the microenvironment of implantation. 
However, a widely accepted, standardized means of collecting uterine 
fluid is lacking, which results in variability and discrepancy amongst 
similar samples. 

The two main methods of collecting uterine fluid are by aspiration 
and flushing, both of which present many advantages and disadvantages. 
Aspiration is more convenient because of the complications associated 
with the latter. Furthermore, it is quite difficult to quantify biomarkers 
present at low levels because flushing involves the use of 1-2 mL of 
saline thereby significantly diluting the uterine fluid [28]. However, in 
aspiration, only a maximum amount of 10 microliter can be collected 
due to the small amount of fluid naturally present in females. 

Proteomics and Endometrial Receptivity
Various studies have identified potential proteomic biomarkers 

of endometrial receptivity by discriminating between the proteomes 
of receptive and non-receptive endometrium. Li et al. analyzed 
endometria collected from four fertile women undergoing the same 
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phases of the menstrual cycle at the same time. After comparing 
the proteomes of the receptive and non-receptive endometria, they 
identified 31 proteins related to implantation [34]. 29 out of the 31 
proteins identified were further examined – of these 5 were involved in 
cell migration or assimilation, 9 had enzymatic activity, 9 were involved 
in signal transduction and gene regulation, 4 were immunoregulators, 
and 2 were involved in vascularization (fibrinolysis or blood clotting) 
[34]. 

Higher levels of Annexin (A) were identified within the receptive 
endometria [34,35]. Li et al. detected Annexin 4 (A4) to be 2.1-fold 
higher, while Dominguez et al. [35] discovered Annexin 2 (A2) levels 
to be 1.9 times higher respectively in the receptive endometria [28,35] 
(Table1). In addition, refractory endometria also lacked functional 
levels of A2. These results were validated by western blot and 
immunohistochemistry [35]. Upregulated levels of the A4 transcript 
were reported by Li et al. [36], where they also reported increases in 
progesterone levels associated with increase in A4 transcript levels 
[34]. Progesterone drives endometrial receptivity and A4 may have a 
crucially important role in mediating endometrial cells from the pre-
receptive to receptive state because it is involved in apoptosis [34]. A2 
promotes cellular adhesion required for blastocysts to adhere to the 
endometrium [35]. Studies have shown A2 stimulating the expression 
of cell adhesion molecules in endothelial cells [37,38].

Using differential in-gel electrophoresis and MALDI-MS 
techniques, Dominguez et al. [35] identified differential levels of 
stathmin 1, a protein important for cytoskeletal reorganization, in 
receptive and pre-receptive endometrial tissue collected from eight 
fertile females of ages 23-29 years (Table 1). They collected pre-
receptive tissue two days after the LH surge and receptive tissue seven 
days after the LH surge. High levels of stathmin1 were shown to be 
present in pre-receptive endometria and low levels of stathmin1 are 
present in receptive endometria, while dysregulated levels were present 
in refractory endometria [35]. High levels of stathmin1 stimulate 
stromal proliferation and prepare cells for implantation. Low levels of 
stathmin1 destabilize microtubules, preparing cells for decidualization 
[39]. However, dysregulated levels of stathmin 1 prevent implantation 
and decidualization from occurring [40]. 

Dominguez et al. compared the proteomic profiles of endometrial 
stromal cells (ESC) which were decidualized in-vitro versus the 
non decidualized ESC.  Utilizing 2D-DIGE and matrix assisted 
laser desorption/ionization time of flight mass spectrometry, 60 
differentially expressed proteins were identified. These proteins 
included existing biomarkers for decidualization such as cathepsin 
B and newer biomarkers like transglutamine 2, peroxiredoxin 4 and 

ACTB protein. The secretome analysis conducted by this group also 
identified well known existing biomarkers such as IGF binding protein 
1 and prolactin and newfound markers such as myeloid progenitor 
inhibitory factor 1 [41]. 

Scotchie et al. [30] examined the proteome of uterine fluid 
collected from 10 fertile females between the ages of 18 and 34. They 
collected samples in the pre-receptive phase, 4 days after the LH surge, 
and receptive phase, 9 days after the LH surge. Using 2-dimensional 
gel electrophoresis and mass spectrometry, they detected 152 proteins, 
82 of which were differentially expressed between the phases [30]. The 
proteins detected the most were immunoglobulins, which support 
the endometrium having an immune function. In addition, proteins 
involved in apoptosis regulation, stress response, host defense, immune/
inflammatory response, molecule transport, and ion homeostasis were 
frequently identified. Proteins that had the greatest frequency of varied 
expression were associated with host defense, coagulation, apoptotic 
regulation, and stress response [30].   

While Scotchie et al. [30] examined uterine fluid, Desouza et 
al. [41] examined endometrial tissue. Desouza et al. [41] identified 
119 proteins differentially expressed between the proliferative and 
secretory phases of the endometrium (Table1). Of these 119 proteins, 
28 are identical to the ones discovered by Scotchie et al. [30], including 
actin, alcohol dehydrogenase, α-2-HS-glycoprotein, β-2-glycoprotein 
I, cofilin, complement C3 precursor, creatine kinase B, enolase, 
fibrinogen γ chain, gelsolin, glutathione S-transferase, glyceraldehyde 
3-phosphate dehydrogenase, haptoglobin, heat shock cognate 71 kd 
protein, hemoglobin β, hemopexin precursor, immunoglobulin (Ig) 
γ 2 chain, Igκ chain, phosphatidylethanolamine-binding protein, 
polymeric Ig receptor precursor, transferrin, albumin, superoxide 
dismutase, triosephosphate isomerase, tropomyosin α 4 chain, tubulin 
β chain, and vitamin D-binding protein precursor. In addition, both 
studies identified increased levels of fibrinogen y chain [30]. Desouza et 
al. [41] dentified a 1.2-fold increase while Scotchie et al. [30] discovered 
a 4- to 5-fold increase between the early and mid-secretory phase. The 
two studies highlight the need for utilizing the proteomic profiles of 
the endometrium as well as the secretome for determining optimal 
endometrial receptivity. The variation of protein expression between 
receptive and non-receptive endometrium was attributed to the 
protein source.

In addition, Parmar et al. [42] detected higher levels of alpha 1 
antitrypsin in the early secretory versus mid-secretory endometria. 
These investigators also reported high levels of heat shock protein B1 
(HSPB1) and transferrin in endometrial tissue, uterine fluid, and mid-
secretory secretions. Scotchie et al. [30] on the other hand, identified 

Study (Year) Proteomes Analyzed Biomarker(s) 
Identified

Changes in Biomarker(s) Biomarker(s)
Function

Li et al. [36] Receptive vs. non-receptive 
endometria

Annexin A4 2.1 times higher in receptive compared to 
non-receptive endometria

Apoptosis; mediates endometrial cells from pre-
receptive to receptive state

Dominguez et al. [35] i) Receptive vs. non-receptive 
endometria; 

ii) refractory endometria

Annexin A2 i) 1.9 times higher in receptive  compared 
to  non-receptive endometria; 

ii) low levels in refractory endometria

Cellular adhesion; implantation 

Dominguez et al. [35] i) Receptive vs. pre-receptive 
endometria

Stathmin1 i) High levels in pre-receptive endometria; 
ii) low levels in receptive endometria; 
iii) dysregulated levels in refractory 

endometria 

High levels stimulate stromal proliferation for 
implantation; low levels destabilize microtubules 

for decidualization; dysregulated levels inhibit 
decidualization

Scotchie et al. [30] Proliferative vs. secretory 
endometria

Fibrinogen y chain Increased levels in proliferative 
endometria

Vascularization

Parmar et al. [42] Early secretory vs. mid-
secretory endometria 

Alpha 1 trypsin Increased in early secretory endometria Protease inhibitor 

Table 1: Potential Biomarkers of Endometrial Receptivity.
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two different forms of both HSPB1 and transferrin in endometrial 
secretomes using mass spectrometry [30]. One form was up-regulated, 
while the other was down-regulated, suggesting posttranslational 
modification [30].   

Chen et al. [31] identified 196 proteins expressed at different 
levels in mid-proliferative and mid-secretory endometria. Most of the 
proteins differentially expressed were those that were not differentially 
expressed at the genomic level. Hannan et al. [43] found 7 proteins that 
varied between the proteome of mid-secretory and mid-proliferative 
endometria. Hannan et al. [43] also found 12 proteins that varied 
within fertile and infertile mid-secretory endometria. 

Endometrial stromal cells are important for implantation. 
Undifferentiated, yet decidualized endometrial stromal cells (ESC) 
prevent the implantation of developmentally abnormal embryos by 
inhibiting the release of mediators of implantation. These mediators 
of implantation include interleukin 1 beta, heparin binding hormone, 
epidermal growth factor, and immunomodulators (interleukin 5, 6, 10, 
and 11, and eotaxin). Cheong et al. [28] assessed the migratory activity 
of ESCs in low quality and high quality embryos. They discovered that 
in the presence of chromosomally-abnormal embryos, decidualized 
ESCs did not migrate and inhibited implantation. However, in the 
presence of high quality embryos, ESCs migrated basally, permitting 
implantation [28].

Apolipoprotein H (ApoH) binds to phospholipids on decidual and 
trophoblast cells [44,45]. If anti-phospholipid antibodies attack ApoH, 
pregnancy complications and fetal death can occur [45]. Studies have 
shown ApoH levels to be 1.7 higher in receptive versus non-receptive 
endometria [30,35,36]. Furthermore, secretory endometria have 
increased levels of proprotein convertase 6, an enzyme critical for 
implantation, which is reduced in the mid-secretory phase in a cohort 
of infertile women [46]. If PC6 is inhibited in mice, implantation does 
not occur [46]. Thus, this protein along with the other ones mentioned 
previously, have the potential to be biomarkers of endometrial 
receptivity.

Proteomics and Embryonic Viability
In order for ART to be successful, viable embryos should 

be transferred into the uterus. At present, viable embryos with 
high implantation potential are determined based on embryonic 
morphological criteria [47,48]. These parameters are limited in 
assessing embryonic viability and often provide inconclusive data, 
which is why most embryos do not implant [49]. Proteomic studies aim 

to improve methods of assessing embryonic viability by discovering 
potential biomarkers [50,51] (Table 2). 

Improving assessment methods of embryonic viability will not only 
improve ART success rates, but will also lead to the transfer of single, 
rather than multiple embryos. Transferring multiple embryos in ART 
exposes patients to various maternal and fetal morbidities [16,48,52]. 

Katz-Jaffe et al. [47] were the first to characterize the embryonic 
secretome. They discovered high levels of ubiquitin within developing 
blastocysts using tandem MS and database peptide sequence 
identification. Ubiquitin is involved in proliferation, apoptosis, and 
implantation and is important for blastocyst development (Table 2). 

Cortezzi et al. [53] used the bottom-up label-free proteomics to 
analyze the embryonic secretome. They compared and contrasted 
secretomes of 8 embryos that successfully implanted and established 
pregnancy (the positive implantation group) and 4 embryos that 
did not implant (the negative implantation group) (Table 2). They 
examined and quantified the proteins specifically expressed in each 
group using 2D nano-UPLC chromatography separation via the 
nanouplc-MSE technique. 15 proteins were exclusively present in the 
positive implantation group, and 10 were exclusively present in the 
negative implantation group [53]. Most of the proteins detected in both 
groups were involved in binding, while others had catalytic activity, 
served as transcription factors, or had unknown cellular functions. 
Jumonji (JARID2) was exclusively present in the positive implantation 
group (JARID2). Jumonji synthesizes polycomb repressive complex 2 
(PRC2), a histone methyl-transferase complex that silences genes by 
affecting histone methylation levels [54,55]. It silences genes involved in 
development, differentiation, and cell maintenance [56]. On the other 
hand, testis-specific gene 10 protein (TSGA10) is the most abundant 
protein exclusively detected in the negative implantation group [53]. 

Apolipoprotein A1 (ApoA1) is a potential biomarker of embryonic 
viability [57]. Mains et al. [51] were the first to report that embryos 
synthesize ApoA1. According to their investigations, embryos of 
different qualities express different levels of ApoA1. Good quality 
blastocysts and mitotically-arrested embryos had highly varied levels 
of ApoA1. In addition, good quality blastocysts and poor quality 
embryos that developed into blastocysts had significantly different 
levels of ApoA1 expression [51]. However, blastocysts that implanted 
and those that failed to implant had insignificant or no difference in 
ApoA1 levels. Another study did not find a correlation between ApoA1 
levels and IVF success rates [57].

Furthermore, Dominguez et al. discovered decreased levels of 

Study (Year) Biomarker(s) Identified Changes in Biomarker(s) Biomarker(s)
Function

Dominguez et al. [6,58] CXCL13, IL-6 Differential expression amongst implanted vs. non-
implanted blastocysts

Chemo-attractant used by implanted blastocysts. 
IL-6 favors implantation

González et al. [67] Leptin Present at higher levels in viable blastocysts vs. 
arrested embryos

Binds to leptin receptors to establish fetal/maternal 
communication

Katz-Jaffe et al. [47] Ubiquitin Higher levels in developing blastocysts vs. non-
implanted blastocysts.

Involved in proliferation, apoptosis, and implantation.

Cortezzi et al. [53] Jumonji 1/15 proteins exclusively present in embryos that lead 
to implantation

Synthesizes PRCS2, which silences differentiation, 
developmental genes via methylation

Cortezzi et al. [53] TSGA10 1/10 proteins exclusively present in embryos that did 
not lead to implantation

Involved in cell division, differentiation, and migration 
of murine embryos

Katz-Jaffe et al. [50] IL6, CXCL13 Present at higher levels in implanted blastocysts vs. 
blastocysts that did not implant with the EEC co-culture

Involved in development and implantation

Cheong et al. [28] Leucine Highest amino acid important nutrients for blastocysts Essential, branched amino acid required for 
embryonic nutrition

Table 2: Potential Biomarkers of Embryonic Viability.
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C-X-C motif chemokine 13 (CXCL13) and granulocyte macrophage 
colony stimulating factor (GM-CSF) in implanted blastocysts 
compared to those that failed to implant [6]. In fact, when added to 
human blastocysts, GM-CSF promoted embryonic development and 
implantation [53]. Moreover, they discovered that interleukin 6 (IL6) 
is utilized by viable blastocysts more than it is used by blastocysts 
that failed to establish pregnancy [6]. Hence, IL6 might have role in 
blastocyst development and implantation. They also observed increased 
levels of IL6, placental growth factor, and CXCL13 and decreased 
levels of fibroblast growth factor 4, IL12, vascular endothelial growth 
factor, and urokinase receptor in endometrial epithelial cell co-culture 
systems [58].

Many studies suggest human leukocyte antigen G (HLA-G) to 
serve as a potential predictive biomarker of viability if assessed along 
with morphological parameters [59-61]. However, many studies have 
failed to observe a relationship between HLA-G and pregnancy [62]. 
In fact, in some studies, embryos that lacked HLAG implanted and 
established successful pregnancies [63,64]. These discrepant results 
may be attributed to multiple factors that affect embryonic levels of 
HLAG, including the day the media was collected and the composition 
of the media [62].

High microRNA levels have been detected in murine blastocysts 
[65,66]. Moreover, according to Gonzalez et al. [67] higher levels of 
leptin are present within viable blastocysts than arrested embryos. 
Leptin binds to endometrial receptors to stimulate fetal/ maternal 
communication [68]. Homeobox A10 has also been shown to mediate 
fetal/ maternal communication within viable embryos. In addition, 
embryos synthesize platelet activating factor (PAF) to affect maternal 
immunity and activate maternal platelets [69].

Embryonic viability may be indicated by the metabolic status 
of an embryo. A study by Leese [70] provided evidence that the less 
metabolically active an embryo, the higher its viability. According 
to their results, the most viable pre-implantation embryos are those 
with the lowest overall metabolism, glycolytic rates, and amino acid 
turnover. Furthermore, leucine, an essential amino acid, is the only 
amino acid significantly consumed by embryos that developed into 
blastocysts two or three days after intrauterine insemination. Leucine 
is detected in high concentration in uterine fluid and is involved in 

the embryonic transport of amino acids and insulin. Hence, leucine 
regulates embryonic energy levels [28].

Proteomics and Aneuploidy
More than 5% of early miscarriages are due to aneuploid fetuses. 

Aneuploidy is an abnormal condition in which a person either has 
an additional chromosome or lacks a chromosome. The older a 
women’s age is, the higher her chances of having an aneuploid child. 
Currently, aneuploidy is diagnosed via invasive procedures, including 
amniocentesis and choronic villi sampling [71]. These tests have the 
potential to cause fetal defects and miscarriages. Aneuploidy can 
be non-invasively detected via fetal ultrasound and maternal serum 
analysis. Although the diagnostic tests detect 85% of aneuploid cases, 
they carry a 5% false positive rate. Replacing these methods with 
diagnostic biomarkers of aneuploidy will improve the selection and 
hence, the transfer of euploid rather than aneuploid embryos in ART. 

To discover a biomarker for aneuploidy, we must compare the 
proteomic profile of amniotic fluid from a healthy pregnancy with 
matched aneuploid cases. Amniotic fluid’s molecular and proteomic 
content varies throughout the duration of pregnancy due to 
developmental fetal and maternal changes. For instance, during early 
pregnancy, amniotic fluid is composed of water more than protein [72]. 
However, after eleven weeks of pregnancy, as fetal kidneys mature, it 
consists of high amounts of proteins excreted from the fetal kidneys 
[73]. 

McReynolds et al. discriminated between the secretomes of 
morphologically similar aneuploid and euploid blastocysts and 
discovered 9 proteins differentially expressed between the two using 
MS analysis. Of the 9 proteins, the most differentially expressed protein 
was lipocalin-1 [74] (Table 3). It was present at higher levels within 
aneuploid blastocysts. In addition, pattern of expression of lipocalin-1 
within viable, euploid blastocysts that resulted in pregnancy was similar 
to expression pattern in euploid blastocysts that failed to implant [74]. 
Hence, lipocalin-1’s expression reflects aneuploidy rather than failed 
implantation. In fact, Lipocalin-1 binds to hypdrophobic ligands and 
inhibits cysteine proteases, which are involved in implantation and 
embryo hatching [75,76]. Lipocalin-1 is highly expressed within states of 
stress, infection, and inflammation. Proteases and anti-proteases must 
be balanced in order for trophoblasts to invade [50]. Overexpression 

Study (Year) Proteomes Analyzed Biomarker(s)
Identified

Changes in Biomarker(s) Biomarker(s)
Function

McReynolds 
et al. [74] 

Secretomes of 
morphologically similar 
aneuploidy vs. euploidy 
blastocysts

Lipocalin-1 Differentially expressed between aneuploidy and 
euploidy blastocysts; reflects aneuploidy rather than 
failed implantation; if overexpressed, causes protease/
anti-protease imbalance inhibiting implantation

Binds to hydrophobic ligands; 
inhibits cysteine proteases; high 
levels signify stress, infection, 
and inflammation 

Tsangaris 
et al. [73]

Amniotic fluid of Down 
Syndrome fetuses (cases) vs. 
healthy fetuses (controls)

Insulin-like growth factor 
binding proteins

40% less in Down Syndrome cases than in controls Transport

Wang et al. [79] Amniotic fluid of Down 
Syndrome fetuses (cases)vs.  
healthy fetuses (controls)

Pre-albumin, transferrin, 
trypsin

Higher in Down Syndrome cases than in controls Transport, serine protease

Tsangaris 
et al. [73] 

Turner Syndrome fetuses 
(cases) vs. healthy fetuses 
(controls)

Serotransferrrin, lumican, 
plasma retinol-binding 
protein, apolipoprotein A1

kiniogen, prothrombin, 
apolipoprotein A-IV

a. Higher in cases than controls 

b. Higher in controls than cases

Fetal growth and development
Nutrient cofactors and hormone 
carriers

Wang et al. [79] Trisomy 18 fetuses (cases) 
vs. healthy fetuses (controls)

a. Apolipoprotein A1, 
phaeodactylum tricornumtum, 
antitrypsin
b. placental protein 14

a. Higher in controls than cases

b. Higher in cases than controls

Immunity, skin pigmentation, 
platelet disorders

Table 3: Potential Biomarkers of Aneuploidy.
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of lipocalin-1 increases levels of proteases, causing a protease/anti-
protease imbalance, which may have prevented implantation from 
taking place [77].

One out of eight thousand babies born in the world are born 
with Down Syndrome (DS), Trisomy 21 [71] (Table 3). Cho et al. 
analyzed DS fetuses. Cho et al. discovered several changes within their 
proteomes, including alterations in amino acids, metabolic pathways, 
and purines [78]. On the other hand, Tsangaris et al. discovered 7 
differentially expressed proteins between DS fetuses and healthy ones. 
Moreover, insulin-like growth factor-binding proteins levels were 
40% less in DS cases than the controls [73] (Table 3). DS cases also 
only had one arginine/serine-rich splicing factor and higher levels of 
alpha-1-microglobulin, collagen alpha one chain, collagen alpha-3(IV) 
chain, and basement membrane-specific heparin sulfate proteoglycan 
core protein. Wang et al. demonstrated higher levels of trypsin, pre-
albumin, and transferrin present within the amniotic fluid of DS cases 
in contrast to controls. DS cases also expressed a differential level of 
APOA1, serprina3, pre-albumin, and transferrin [79]. Levels of pre-
albumin and transferrin, along with trypsin, was higher in DS cases 
than in controls. In addition, their differentially expressed proteins 
were involved in dysfunctional lipid and cholesterol metabolism, 
processes of metal ion transport, adenosine triphosphate metabolism, 
and energy-coupled protein transport [79]. 

The proteomes of maternal serum within pregnant women carrying 
DS fetuses and normal, healthy ones were compared and contrasted 
[80]. Both cases and controls were gestationally age-matched, and their 
serum was collected during the first and second trimesters. According 
to their results, many proteins were differentially expressed: 19 proteins 
during the first trimester, 16 during the second trimester, and 10 in 
both trimesters. 

Kolialexi et al. [71] also analyzed the proteomes of maternal serum 
pregnant cases carrying DS fetuses and controls carrying healthy ones. 
They discovered 9 proteins differentially expressed amongst both cases 
and controls. Their cases expressed lower levels of one protein and 
higher levels of 8 proteins. Out of the nine proteins, 3 were associated 
with the DS phenotype, whereas 6 were involved in fetal growth and 
development.

One out of every two thousand babies is born with Turner 
Syndrome per year. Females with Turner Syndrome only have a single 
X chromosome. Tsangaris et al. [73] discovered Turner fetuses have 
higher levels of serotransferrin, lumican, plasma retinol-binding 
protein, and apolipoprotein 1 (APO A1) [69], but lower levels of 
kininogen, prothrombin, and apolipoprotein A-IV when compared to 
controls [81].

One in 3000 babies are born with Trisomy 18. Wang et al. discovered 
that Trisomy 18 fetuses had lower levels of APOA1, Phaeodactylum 
tricornutum, and antitrypsin, but higher levels of placental protein-14 
when compared to controls [79]. Also, most of the proteins in Trisomy 
18 were associated with immune processes, dysfunction of skin 
pigmentation, and platelet disorders.

Proteomics and Male Infertility
50% of infertile cases are due to male factors. However, most cases 

are classified as idiopathic because there is no reliable, specific, non-
invasive method of assessing male fertility or infertility. Instead, fertility 
is assessed via history taking, physical examination, endocrinological 
tests, and semen analysis. If these tests yield normal or inconclusive 
results, a risky, invasive surgical biopsy is conducted.

Semen consists of spermatozoa and seminal plasma. Semen 
is a poor predictor of male fertility because its composition varies 
from individual to individual, in different pathological states, and in 
different environments [82]. Semen parameters can also vary within 
the same individual at different ages and during different seasons 
[82,83]. Semen analysis involves the characterization of its macroscopic 
(coagulation, color, viscosity, pH, and volume) and microscopic 
parameters (agglutination, sperm counts, concentration, motility, 
morphology, and viability). Azoospermia is defined as the complete 
absence of sperm, and oligozoospermia is defined as the presence of 
low concentration of spermatozoa in semen [84]. Both azoospermia 
and oligospermia can be detected by semen analysis (sperm count and 
concentration). Azoospermia can also be diagnosed by the presence of 
antisperm antibodies that break through the blood-testis barrier and 
cause infertility [85]. The antibodies are insignificant in detecting ART 
success rates [86,87].

The acrosome reaction serves as a potential biomarker of male 
fertility based on the sperm penetration assay [51,88]. Positive SPA 
results indicate that fertilization will occur if the sperm penetrates 
the zona pellucida. However, SPA can only assess IVF outcomes and 
not ICSI outcomes because fertilization is induced in ICSI [89]. By 
comparing the proteome of normal sperm with pathological sperm, 
comparative proteomic studies have identified potential protein 
biomarkers indicative of male fertility. Further validation of these 
biomarkers will not only improve ART success rates, but may open 
doors to uncovering the etiologies behind most cases of idiopathic male 
infertility. 

Seminal plasma makes up 90% of seminal ejaculate. It is a rich 
source of proteins and therefore serves as a better investigative source 
of proteomic biomarkers of fertility than spermatozoa. Batruch et al. 
[90] discovered 32 proteins only found within the seminal plasma of 
fertile males. Milardi et al. [91] found 83 proteins common in samples 
collected from five fertile men at three months before conception. Two 
of these proteins are human cationic antimicrobial protein (hCAP) and 
spindlin1. HCAP is a part of innate immunity, and thus, may prevent 
infection during fertilization [91,92]. Murine studies have shown 
Spindlin1 attach to sperm tails and may be involved in sperm motility 
and spermatogenesis [93]. 

In addition, Pilch et al. [94] identified 923 proteins in the seminal 
plasma of a single fertile male. Various heparin binding proteins 
(HBPs) including seminogelin 1, seminogelin 2, lactoferrin, fibronectin, 
laminin, and albumin were amongst the proteins discovered. Kumar 
et al. identified 40 HBPs within the seminal fluid, including those 
involved in metabolism, transcription, cellular transport, cellular 
structure, and signal transduction [95]. These HBPs release motile 
sperm from coagulum and trap spermatozoa in the gel to protect them 
from mechanical damage [96]. Many HBPs including seminogelin 1, 
seminogelin 2, and fibronectin, are differentially expressed in fertile 
and infertile males. Lactoferrin, the main HBP present in sperm, which 
quantitatively varies between fertile and infertile males [97,98]. It 
protects sperm from microbes in the female reproductive tract [99].

Male infertility can be caused by changes in sperm DNA integrity. 
Sperm cells are highly susceptible to changes in their DNA. After 
spermatogenesis, histones are replaced by protamines. As a result, 
nucleosomes only make up 5-15% of spermatic chromatin [100]. 
Infertile sperm exhibit overexpressed levels of histones (sperm-specific 
histone 2B) and underexpressed levels of protamines, in comparison 
to fertile sperm [101]. As a result of this imbalance, their nuclei 
acquire a hydrodynamic shape, which threatens the integrity of their 
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DNA, predisposing them to infertility [102]. There are four types of 
protamines: P1, P2, P3, and P4. Fertile sperm should have equivalent 
levels of P1 and P2 [103]. However, sperm from infertile men have a 
higher P1/P2 ratio because of the underexpressed levels of P2. As a 
result, DNA fragmentation occurs and causes infertility [104].

de Mateo et al. [105] also detected high levels of histones and 
low levels of protamines in their study. They identified chromatin 
proteins by analyzing isolated spermatic nuclei collected from four 
normozoospermic males after three days of sexual abstinence. They 
identified 403 proteins, 212 of which were not identified in other 
studies. In addition, they detected 159 nuclear proteins, 72 of which 
had not been detected in other studies. The nuclear proteins detected 
were histones, representing 9.5% of all the proteins identified in 
their study. They identified 39 histone proteins. Histone proteins 
have various fertility-related functions. Some histones are involved 
in spermiogenesis when replaced by protamines, and mediate 
nucleosome eviction. Histone H2B is involved in forming a pronucleus 
after gamete fusion and is required for chromatin determination after 
fertilization. Moreover, de Mateo et al. detected levels of protamine 
2, but not protamine 1, although they are both common spermatic 
nuclear proteins [100]. A reason for this discrepancy may be due to the 
limitations of mass spectrometry in detecting small peptide fragments.

Furthermore, fertile and infertile males express different levels of 
many peripheral spermatic proteins. Thus, these peripheral proteins 
may relate to fertility. One of these proteins is eppin, an epididymal 
protease inhibitor [106]. If antibodies attack and silence eppin, the 
acrosome reaction fails to occur [96]. Guanyl cyclase receptor G [107] 
levels also differ among fertile and infertile males. HGCG is present in 
the human testis and is associated with spermatic binding to the zona 
pellucida [66].

Many proteins required for the oocyte-sperm interaction can also 
serve as potential biomarkers of fertility [108]. In murine studies, mice 
that lacked angiotensin-converting enzymes could not bind to the zona 
pellucida and thus, became infertile [109]. In addition, ADAM3-null 
murine sperm abnormally migrated and bound to the zona pellucida, 
predisposing them to infertility. ADAM3 is a membrane protein in 
human and murine sperm that binds to the zona pellucida. Redgrove 
et al. [110] detected lower levels of heat shock protein 2 (HSP2) 
within fertile men compared to men with impaired fertilization. HSP2 
mediates the fusion of sperm and egg along with arylsulfatase A and 
sperm adhesion molecule 1, two potential biomarkers of sperm fertility 
[110].

Proteomics and Asthenozoospermia, Globozoospermia, 
Oligozoospermia and Azoospermia

Various biomarkers have been related to and identified in 
asthenozoospermic, globozoospermic, oligozoospermic, and 
azoospermic sperm and seminal plasma. They can serve as 
diagnostic and therapeutic means of assessing these causes of 
infertility. Asthenozoospermic sperm are characterized by low 
motility. 34 proteins are differentially expressed between normal 
and asthenozoospermic sperm [96]. These proteins have enzymatic, 
structural, and signaling functions. The enzymatic proteins are involved 
in the synthesis of ATP via various metabolic pathways. Energy is 
required for motility. Isocitrate dehydrogenase subunit a, an enzyme 
involved in the Krebs cycle, was suppressed within asthenozoospermic 
sperm [111]. In addition, phosphoglycerate mutase 2, triosephosphate 
isomerase, and oxaloacetate transaminase 1 are overexpressed within 
asthenozoospermic cases. Patients with mild asthenozoospermia lacked 

Tat1, septin4, and septin7 in 97% of their sperm. Septins are GTPases of 
cellular membranes and microtubules [112]. Mice that lacked septin4 
developed bent/detached flagella and mitochondrial dysfunction, 
causing them to become asthenozoospermic [113]. Wang et al. [79] 
detected overexpressed levels of two epididymal proteins (E1 and E4) 
and low levels of oxidative stress regulator DJ-1 in asthenozoospermic 
patients. 

Globozoospermic sperm lack acrosomes. ICSI was first used to 
treat globozoospermia in 1994. Despite successful pregnancies from 
globozoospermic patients, the success rates of ICSI in globozoospermic 
patients are less than the general ICSI success rates [114,115]. In 
contrast to normozoospermic sperm, globozoospermic infertile 
sperm have less expressed levels of actin and tubulin [116]. Actin 
and tubulin are cytoskeletal proteins involved in cell motility, signal 
transduction, and which help maintain cell membrane shape [96]. In 
addition, globozoospermic sperm have lower levels of outer dense 
fiber protein 2 (ODF2). ODF2 is required for flagellar elasticity and 
strength, and cellular motility [117]. Sperm immobility can also result 
from abnormalities in flagellar proteins (AKAPS and outer dense 
fibers) and axonemal proteins (tektin and dyneins) [116]. Liao et al. 
[116] conducted a study on globozoospermic sperm only to discover 
downregulated levels of sperm protein associated with the nucleus in 
the X chromosome A-C (SPANX A-C) and a lack of SPACA1, a protein 
involved in sperm-oocyte fusion. Moreover, seminal plasma secretory 
actin-binding protein (SABP), the main cytoskeletal protein in sperm, 
was upregulated in globozoospermic men. SABP prevents motility and 
the acrosome reaction from taking place. 

Oligozoospermia is a condition characterized by low sperm 
concentration. Oligozoospermic males have lower levels of transferrin 
than healthy, fertile males. On the other hand, azoospermic patients, 
who lack motile sperm, highly express prolactin inducible protein 
(PIP) [118]. Prolactin inducible protein binds and forms a complex 
with human serum  albumin (HAS) which is involved in capacitation 
and motility [119]. Despite the lack of correlation detected between 
PIP and fertility in some studies, PIP and HSA together may serve 
as biomarkers [120]. Azoospermic cases also express fibronectin, 
prostatic acid phosphatase, proteasome subunit alpha type 3, beta 2 
microglobulin, galectin 3 binding protein, and cytosolic nonspecific 
dipeptidase [15].

Recent studies and reviews on sperm proteome highlight the future 
direction of research in our understanding of the underlying pathology 
of male infertility [74,121-130]. The role of oxidative stress in male 
infertility has also been recently highlighted in our studies. Figure 1 
shows the general schematics of the proteomic analysis for identifying 
the oxidative stress related proteins of interest in spermatozoa or in 
the seminal plasma. We identified 74 proteins in spermatozoa of which 
10 DEP proteins showed a 2-fold difference and were overexpressed 
compared to 5 DEP that were under-expressed in ROS positive group 
[123]. One of the proposed signaling pathways in the testis that may be 
influenced by the overexpressed and under-expressed proteins in the 
ROS positive group is shown in Figure 2. Using the 2-DIGE technique 
we demonstrated a significantly different expression of proteins 
conferring protection against the oxidative stress. Of the 1,343 protein 
spots detected in gel 1, 1,265 spots were detected in gel 2. 31 spots were 
differentially expressed and 6 spots were significantly decreased and 
25 increased in ROS negative samples compared with ROS positive 
samples [119]. Similarly in the seminal plasma of the same group of 
men exhibiting oxidative stress we identified 14 proteins of which 7 
were common and 7 were unique in the ROS positive and ROS negative 
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group [118]. We demonstrated how oxidative stress may modify or 
down-regulate some of these proteins that could contribute to male 
infertility.    

Proteomics is not without inherent challenges like any other 
technology. These include cost of conducting proteomic studies, 
availability of advanced instruments, time restraints, lack of 
reproducibility and validation of the identified proteins. The challenges 
are at several steps such as, the sample preparation level, protein 
extraction, protein elution, data collection, database analysis and 
analysis of the protein functional implications. There is tremendous 
variability in protocols for protein digestion, protein elution and 
protein selection across different laboratories. The mass spectrometers 
have high mass accuracy but suffer from lack of reproducibility. There 
is a need to have well defined protocols to select peptides upon elution 
with chromatography (Wasinger, 2013 #198). Techniques such as 
targeted MS are being proposed to accomplish this goal (Schmidt et 
al. [14]). Global standardization of the methodologies and database 
analysis of the identified proteins is required. 

Validation of differentially expressed proteins in serum/ peritoneal 
fluid of endometriosis patients, co-culture fluid from oocyte–
spermatozoa incubation media, or spermatozoa/ seminal plasma can 
be carried out using different techniques depending on the source 
of the proteome or the secretome. Western blot immunochemistry, 
ELISA and RT-PCR techniques can be applied to validate the proteins. 
If spermatozoa markers are being validated all except RT-PCR can 
be applied. Spermatozoa are transcriptionally inert and hence RT-

PCR is not suitable. Western blot requires the use of appropriate 
concentration of the primary antibody against the protein marker of 
choice and appropriate secondary antibody.   Many proteins are novel 
and have been reported for the first time. Therefore, their purification, 
characterization and chromosomal localization need to be established 
before undertaking the validation of their function and expression.

Conclusion
Proteomics has the potential to revolutionize reproductive 

medicine and ART procedures. The application of proteomics to 
ART procedures is still a growing field. Although many studies 
have discovered potential biomarkers for endometrial receptivity, 
embryonic viability, aneuploidy, and spermatic fertility/infertility, 
more research and standardization needs to be conducted before 
any of these biomarkers can be used for standardized diagnostic and 
therapeutic purposes. While many proteins are described in this review, 
several proteins have to be validated in order to select the most likely 
candidate biomarkers. Most of these biomarkers at present do not have 
any proven clinical value. This is an innovative article with a focus 
on Proteomics and ART. Our manuscript elaborates on the potential 
proteomic biomarkers that are key to establishing a non-invasive, 
reliable, reproducible, and specific means of assessing endometrial 
receptivity, embryonic viability, aneuploidy, and fertilizing potential of 
the sperm. The application of these potential biomarkers in the future 
may help in enhancing the ART outcomes by offering a personalized 
treatment for patients based upon their individualized signature 

Figure 2: CREM signaling in the testis. Proteins in red are the ones overexpressed while those in blue are underexpressed in 
spermatozoa from the ROS positive compared to ROS negative group. The color levels in the tubes reflect their expression levels 
(red-overexpressed and blue underexpressed).
Abbreviation:  B=Binding; Z=catalysis; T=transformation and TR=transcription regulation. The figure shows the generic enzymes 
(Adenylate cyclase, LDHC, ACE1, HXK2); Protein kinases (PKA-cat (cAMP –dependent and TSSK2); CREM activators and 
repressors; generic binding proteins (ACT, CPB and Tnp1 and PKA-reg (cAMP–dependent) and proteins (HILS1 and ODF1) involved 
in the CREM signaling in the testis. CREM=cAMP responsive element modulator; ACE=Angiotensin I converting isoform 1 precursor; 
ODF1=outer dense fiber of sperm tails 1; LDHC=L-lactate dehydrogenase C.
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proteomics profiles. Studies with larger sample sizes are necessary for 
a better understanding of the proteomic profiles as well as identifying 
the potential biomarkers proteins in predicting embryonic viability, 
successful implantation of the embryo, successful establishment of 
pregnancy and aneuploidy in ART. This will aid in the selection of the 
best embryo and enhance the ART outcomes.

References

1.	 Sunderam S, Kissin DM, Flowers L, Anderson JE, Folger SG, et al. (2012) 
Assisted reproductive technology surveillance-United States, 2009. MMWR 
Surveill Summ 61: 1-23.

2.	 Nygren KG, Sullivan E, Zegers-Hochschild F, Mansour R, Ishihara O, et 
al. (2011) International Committee for Monitoring Assisted Reproductive 
Technology (ICMART) world report: assisted reproductive technology 2003. 
Fertil Steril 95: 2209-2222. 

3.	 Coughlan C, Ledger W, Wang Q, Liu F, Demirol A, et al. (2014) Recurrent 
implantation failure: definition and management. Reprod Biomed Online 28: 
14-38.

4.	 Betteridge KJ (1981) An historical look at embryo transfer. J Reprod Fertil 62: 
1-13.

5.	 Krishna RG, Wold F (1993) Post-translational modification of proteins. Adv 
Enzymol Relat Areas Mol Biol 67: 265-298.

6.	 Domínguez F, Gadea B, Esteban FJ, Horcajadas JA, Pellicer A, et al. (2008) 
Comparative protein-profile analysis of implanted versus non-implanted human 
blastocysts. Hum Reprod 23: 1993-2000.

7.	 Horcajadas JA, Riesewijk A, Polman J, van Os R, Pellicer A, et al. (2005) Effect 
of controlled ovarian hyperstimulation in IVF on endometrial gene expression 
profiles. Mol Hum Reprod 11: 195-205.

8.	 Burney RO, Talbi S, Hamilton AE, Vo KC, Nyegaard M, et al. (2007) Gene 
expression analysis of endometrium reveals progesterone resistance and 
candidate susceptibility genes in women with endometriosis. Endocrinology 
148: 3814-3826. 

9.	 Dominguez DC, Lopes R, Torres ML (2007) Proteomics: clinical applications. 
Clin Lab Sci 20: 245-248. 

10.	Giudice LC, Kao LC (2004) Endometriosis. Lancet 364: 1789-1799.

11.	Fassbender A, Vodolazkaia A, Saunders P, Lebovic D, Waelkens E, et al. 
(2013) Biomarkers of endometriosis. Fertil Steril 99: 1135-1145.

12.	Bell AW, Deutsch EW, Au CE, Kearney RE, Beavis R, et al. (2009) A HUPO 
test sample study reveals common problems in mass spectrometry-based 
proteomics. Nat Methods 6: 423-430.

13.	Wasinger VC, Zeng M, Yau Y (2013) Current status and advances in 
quantitative proteomic mass spectrometry. Int J Proteomics 2013: 180605.

14.	Schmidt A, Forne I, Imhof A (2014) Bioinformatic analysis of proteomics data. 
BMC Syst Biol 8 Suppl 2: S3.

15.	Kovac JR, Pastuszak AW, Lamb DJ (2013) The use of genomics, proteomics, 
and metabolomics in identifying biomarkers of male infertility. Fertil Steril 99: 
998-1007.

16.	Nyalwidhe J, Burch T, Bocca S, Cazares L, Green-Mitchell S, et al. (2013) 
The search for biomarkers of human embryo developmental potential in IVF: a 
comprehensive proteomic approach. Mol Hum Reprod 19: 250-263.

17.	Swank RT, Munkres KD (1971) Molecular weight analysis of oligopeptides 
by electrophoresis in polyacrylamide gel with sodium dodecyl sulfate. Anal 
Biochem 39: 462-477.

18.	Glish GL, Vachet RW (2003) The basics of mass spectrometry in the twenty-
first century. Nat Rev Drug Discov 2: 140-150.

19.	Michalski A, Damoc E, Hauschild JP, Lange O, Wieghaus A, et al. (2011) 
Mass spectrometry-based proteomics using Q Exactive, a high-performance 
benchtop quadrupole Orbitrap mass spectrometer. Mol Cell Proteomics 10: 
M111.

20.	Singh M, Chaudhry P, Asselin E (2011) Bridging endometrial receptivity and 
implantation: network of hormones, cytokines, and growth factors. J Endocrinol 
210: 5-14.

21.	Navot D, Bergh PA, Williams M, Garrisi GJ, Guzman I, et al. (1991) An insight 

into early reproductive processes through the in vivo model of ovum donation. 
J Clin Endocrinol Metab 72: 408-414.

22.	Cavagna M, Mantese JC (2003) Biomarkers of endometrial receptivity--a 
review. Placenta 24 Suppl B: S39-47.

23.	Berlanga O, Bradshaw HB, Vilella-Mitjana F, Garrido-Gómez T, Simón C (2011) 
How endometrial secretomics can help in predicting implantation. Placenta 32 
Suppl 3: S271-275.

24.	Strowitzki T, Germeyer A, Popovici R, von Wolff M (2006) The human 
endometrium as a fertility-determining factor. Hum Reprod Update 12: 617-630.

25.	Salamonsen LA, Nie G, Hannan NJ, Dimitriadis E (2009) Society for 
Reproductive Biology Founders’ Lecture 2009. Preparing fertile soil: the 
importance of endometrial receptivity. Reprod Fertil Dev 21: 923-934.

26.	Olivennes F, Ledee-Bataille N, Samama M, Kadoch J, Taupin JL, et al. (2003) 
Assessment of leukemia inhibitory factor levels by uterine flushing at the time of 
egg retrieval does not adversely affect pregnancy rates with in vitro fertilization. 
Fertil Steril 79: 900-904. 

27.	van der Gaast MH, Macklon NS, Beier-Hellwig K, Krusche CA, Fauser BC, 
et al. (2009) The feasibility of a less invasive method to assess endometrial 
maturation--comparison of simultaneously obtained uterine secretion and 
tissue biopsy. Bjog 116: 304-312. 

28.	Cheong Y, Boomsma C, Heijnen C, Macklon N (2013) Uterine secretomics: a 
window on the maternal-embryo interface. Fertil Steril 99: 1093-1099.

29.	Talbi S, Hamilton AE, Vo KC, Tulac S, Overgaard MT, et al. (2006) Molecular 
phenotyping of human endometrium distinguishes menstrual cycle phases and 
underlying biological processes in normo-ovulatory women. Endocrinology 
147: 1097-1121. 

30.	Scotchie JG, Fritz MA, Mocanu M, Lessey BA, Young SL (2009) Proteomic 
analysis of the luteal endometrial secretome. Reprod Sci 16: 883-893.

31.	Chen JI, Hannan NJ, Mak Y, Nicholls PK, Zhang J, et al. (2009) Proteomic 
characterization of midproliferative and midsecretory human endometrium. J 
Proteome Res 8: 2032-2044.

32.	Coutifaris C, Myers ER, Guzick DS, Diamond MP, Carson SA, et al. (2004) 
Histological dating of timed endometrial biopsy tissue is not related to fertility 
status. Fertil Steril 82: 1264-1272.

33.	Scherp P, Ku G, Coleman L, Kheterpal I (2011) Gel-based and gel-free 
proteomic technologies. Methods Mol Biol 702: 163-190.

34.	Li J, Tan Z, Li M, Xia T, Liu P, et al. (2011) Proteomic analysis of endometrium 
in fertile women during the prereceptive and receptive phases after luteinizing 
hormone surge. Fertil Steril 95: 1161-1163.

35.	Dominguez, F, Garrido-Gomez, T, Lopez, JA, Camafeita, E, Quinonero, A, et 
al. (2009) Proteomic analysis of the human receptive versus non-receptive 
endometrium using differential in-gel electrophoresis and MALDI-MS unveils 
stathmin 1 and annexin A2 as differentially regulated. Hum Reprod 24: 2607-
2617. 

36.	Li J, Tan Z, Li MT, Liu YL, Liu Q, et al. (2006) Study of altered expression of 
annexin IV and human endometrial receptivity. Zhonghua Fu Chan Ke Za Zhi 
41: 803-805.

37.	Fowler PA, Tattum J, Bhattacharya S, Klonisch T, Hombach-Klonisch S, et 
al. (2007) An investigation of the effects of endometriosis on the proteome of 
human eutopic endometrium: a heterogeneous tissue with a complex disease. 
Proteomics 7: 130-142.

38.	Kwon M, MacLeod TJ, Zhang Y, Waisman DM (2005) S100A10, annexin A, 
and annexin a2 heterotetramer as candidate plasminogen receptors. Front 
Biosci 10: 300-325.

39.	Rowlands DC, Williams A, Jones NA, Guest SS, Reynolds GM, et al. (1995) 
Stathmin expression is a feature of proliferating cells of most, if not all, cell 
lineages. Lab Invest 72: 100-113.

40.	Tamura K, Hara T, Yoshie M, Irie S, Sobel A, et al. (2003) Enhanced expression 
of uterine stathmin during the process of implantation and decidualization in 
rats. Endocrinology 144: 1464-1473.

41.	DeSouza L, Diehl G, Yang EC, Guo J, Rodrigues MJ, et al. (2005) Proteomic 
analysis of the proliferative and secretory phases of the human endometrium: 
protein identification and differential protein expression. Proteomics 5: 270-281. 

42.	Parmar T, Gadkar-Sable S, Savardekar L, Katkam R, Dharma S, et al. 

http://www.ncbi.nlm.nih.gov/pubmed/23114281
http://www.ncbi.nlm.nih.gov/pubmed/23114281
http://www.ncbi.nlm.nih.gov/pubmed/23114281
http://www.ncbi.nlm.nih.gov/pubmed/21536284
http://www.ncbi.nlm.nih.gov/pubmed/21536284
http://www.ncbi.nlm.nih.gov/pubmed/21536284
http://www.ncbi.nlm.nih.gov/pubmed/21536284
http://www.ncbi.nlm.nih.gov/pubmed/24269084
http://www.ncbi.nlm.nih.gov/pubmed/24269084
http://www.ncbi.nlm.nih.gov/pubmed/24269084
http://www.ncbi.nlm.nih.gov/pubmed/7014855
http://www.ncbi.nlm.nih.gov/pubmed/7014855
http://www.ncbi.nlm.nih.gov/pubmed/8322616
http://www.ncbi.nlm.nih.gov/pubmed/8322616
http://www.ncbi.nlm.nih.gov/pubmed/18556682
http://www.ncbi.nlm.nih.gov/pubmed/18556682
http://www.ncbi.nlm.nih.gov/pubmed/18556682
http://www.ncbi.nlm.nih.gov/pubmed/15695772
http://www.ncbi.nlm.nih.gov/pubmed/15695772
http://www.ncbi.nlm.nih.gov/pubmed/15695772
http://www.ncbi.nlm.nih.gov/pubmed/17510236
http://www.ncbi.nlm.nih.gov/pubmed/17510236
http://www.ncbi.nlm.nih.gov/pubmed/17510236
http://www.ncbi.nlm.nih.gov/pubmed/17510236
http://www.ncbi.nlm.nih.gov/pubmed/18069451
http://www.ncbi.nlm.nih.gov/pubmed/18069451
http://www.ncbi.nlm.nih.gov/pubmed/15541453
http://www.ncbi.nlm.nih.gov/pubmed/23414923
http://www.ncbi.nlm.nih.gov/pubmed/23414923
http://www.ncbi.nlm.nih.gov/pubmed/19448641
http://www.ncbi.nlm.nih.gov/pubmed/19448641
http://www.ncbi.nlm.nih.gov/pubmed/19448641
http://www.ncbi.nlm.nih.gov/pubmed/23533757
http://www.ncbi.nlm.nih.gov/pubmed/23533757
http://www.ncbi.nlm.nih.gov/pubmed/25033288
http://www.ncbi.nlm.nih.gov/pubmed/25033288
http://www.ncbi.nlm.nih.gov/pubmed/23415969
http://www.ncbi.nlm.nih.gov/pubmed/23415969
http://www.ncbi.nlm.nih.gov/pubmed/23415969
http://www.ncbi.nlm.nih.gov/pubmed/23247814
http://www.ncbi.nlm.nih.gov/pubmed/23247814
http://www.ncbi.nlm.nih.gov/pubmed/23247814
http://www.ncbi.nlm.nih.gov/pubmed/4101989
http://www.ncbi.nlm.nih.gov/pubmed/4101989
http://www.ncbi.nlm.nih.gov/pubmed/4101989
http://www.ncbi.nlm.nih.gov/pubmed/12563305
http://www.ncbi.nlm.nih.gov/pubmed/12563305
http://www.ncbi.nlm.nih.gov/pubmed/21642640
http://www.ncbi.nlm.nih.gov/pubmed/21642640
http://www.ncbi.nlm.nih.gov/pubmed/21642640
http://www.ncbi.nlm.nih.gov/pubmed/21642640
http://www.ncbi.nlm.nih.gov/pubmed/21372150
http://www.ncbi.nlm.nih.gov/pubmed/21372150
http://www.ncbi.nlm.nih.gov/pubmed/21372150
http://www.ncbi.nlm.nih.gov/pubmed/1991811
http://www.ncbi.nlm.nih.gov/pubmed/1991811
http://www.ncbi.nlm.nih.gov/pubmed/1991811
http://www.ncbi.nlm.nih.gov/pubmed/14559029
http://www.ncbi.nlm.nih.gov/pubmed/14559029
http://www.ncbi.nlm.nih.gov/pubmed/21700334
http://www.ncbi.nlm.nih.gov/pubmed/21700334
http://www.ncbi.nlm.nih.gov/pubmed/21700334
http://www.ncbi.nlm.nih.gov/pubmed/16832043
http://www.ncbi.nlm.nih.gov/pubmed/16832043
http://www.ncbi.nlm.nih.gov/pubmed/19698296
http://www.ncbi.nlm.nih.gov/pubmed/19698296
http://www.ncbi.nlm.nih.gov/pubmed/19698296
http://www.ncbi.nlm.nih.gov/pubmed/12749427
http://www.ncbi.nlm.nih.gov/pubmed/12749427
http://www.ncbi.nlm.nih.gov/pubmed/12749427
http://www.ncbi.nlm.nih.gov/pubmed/12749427
http://www.ncbi.nlm.nih.gov/pubmed/19076963
http://www.ncbi.nlm.nih.gov/pubmed/19076963
http://www.ncbi.nlm.nih.gov/pubmed/19076963
http://www.ncbi.nlm.nih.gov/pubmed/19076963
http://www.ncbi.nlm.nih.gov/pubmed/23433513
http://www.ncbi.nlm.nih.gov/pubmed/23433513
http://www.ncbi.nlm.nih.gov/pubmed/16306079
http://www.ncbi.nlm.nih.gov/pubmed/16306079
http://www.ncbi.nlm.nih.gov/pubmed/16306079
http://www.ncbi.nlm.nih.gov/pubmed/16306079
http://www.ncbi.nlm.nih.gov/pubmed/19494364
http://www.ncbi.nlm.nih.gov/pubmed/19494364
http://www.ncbi.nlm.nih.gov/pubmed/19714818
http://www.ncbi.nlm.nih.gov/pubmed/19714818
http://www.ncbi.nlm.nih.gov/pubmed/19714818
http://www.ncbi.nlm.nih.gov/pubmed/15533340
http://www.ncbi.nlm.nih.gov/pubmed/15533340
http://www.ncbi.nlm.nih.gov/pubmed/15533340
http://www.ncbi.nlm.nih.gov/pubmed/21082402
http://www.ncbi.nlm.nih.gov/pubmed/21082402
http://www.ncbi.nlm.nih.gov/pubmed/20979995
http://www.ncbi.nlm.nih.gov/pubmed/20979995
http://www.ncbi.nlm.nih.gov/pubmed/20979995
http://www.ncbi.nlm.nih.gov/pubmed/19556289
http://www.ncbi.nlm.nih.gov/pubmed/19556289
http://www.ncbi.nlm.nih.gov/pubmed/19556289
http://www.ncbi.nlm.nih.gov/pubmed/19556289
http://www.ncbi.nlm.nih.gov/pubmed/19556289
http://www.ncbi.nlm.nih.gov/pubmed/17327107
http://www.ncbi.nlm.nih.gov/pubmed/17327107
http://www.ncbi.nlm.nih.gov/pubmed/17327107
http://www.ncbi.nlm.nih.gov/pubmed/17124717
http://www.ncbi.nlm.nih.gov/pubmed/17124717
http://www.ncbi.nlm.nih.gov/pubmed/17124717
http://www.ncbi.nlm.nih.gov/pubmed/17124717
http://www.ncbi.nlm.nih.gov/pubmed/15574370
http://www.ncbi.nlm.nih.gov/pubmed/15574370
http://www.ncbi.nlm.nih.gov/pubmed/15574370
http://www.ncbi.nlm.nih.gov/pubmed/7837783
http://www.ncbi.nlm.nih.gov/pubmed/7837783
http://www.ncbi.nlm.nih.gov/pubmed/7837783
http://www.ncbi.nlm.nih.gov/pubmed/12639930
http://www.ncbi.nlm.nih.gov/pubmed/12639930
http://www.ncbi.nlm.nih.gov/pubmed/12639930
http://www.ncbi.nlm.nih.gov/pubmed/15602768
http://www.ncbi.nlm.nih.gov/pubmed/15602768
http://www.ncbi.nlm.nih.gov/pubmed/15602768
http://www.ncbi.nlm.nih.gov/pubmed/18793766


Citation: Gupta S, Sharma R, Eliwa J, Agarwal A (2015) Predictive Roles of Proteomic Profiles in Assisted Reproduction-An Update. J Proteomics 
Bioinform S8: 005. doi:10.4172/jpb.S8-005

Page 11 of 13

J Proteomics Bioinform ISSN: 0974-276X JPB, an open access journal Clinical Proteomics

(2009) Protein profiling of human endometrial tissues in the midsecretory and 
proliferative phases of the menstrual cycle. Fertil Steril 92: 1091-1103.

43.	Hannan NJ, Stephens AN, Rainczuk A, Hincks C, Rombauts LJ, et al. (2010) 
2D-DiGE analysis of the human endometrial secretome reveals differences 
between receptive and nonreceptive states in fertile and infertile women. J 
Proteome Res 9: 6256-6264. 

44.	Di Simone N, Raschi E, Testoni C, Castellani R, D’Asta M, et al. (2005) 
Pathogenic role of anti-beta 2-glycoprotein I antibodies in antiphospholipid 
associated fetal loss: characterisation of beta 2-glycoprotein I binding to 
trophoblast cells and functional effects of anti-beta 2-glycoprotein I antibodies 
in vitro. Ann Rheum Dis 64: 462-467.

45.	Di Simone N, Meroni PL, D’Asta M, Di Nicuolo F, D’Alessio MC, et al. (2007) 
Pathogenic role of anti-beta2-glycoprotein I antibodies on human placenta: 
functional effects related to implantation and roles of heparin. Hum Reprod 
Update 13: 189-196.

46.	Salamonsen LA, Edgell T, Rombauts LJ, Stephens AN, Robertson DM, et al. 
(2013) Proteomics of the human endometrium and uterine fluid: a pathway to 
biomarker discovery. Fertil Steril 99: 1086-1092.

47.	Katz-Jaffe MG, McReynolds S, Gardner DK, Schoolcraft WB (2009) The role 
of proteomics in defining the human embryonic secretome. Mol Hum Reprod 
15: 271-277.

48.	Seli E, Vergouw CG, Morita H, Botros L, Roos P, et al. (2010) Noninvasive 
metabolomic profiling as an adjunct to morphology for noninvasive embryo 
assessment in women undergoing single embryo transfer. Fertil Steril 94: 535-
542. 

49.	Katz-Jaffe MG, Gardner DK, Schoolcraft WB (2006) Proteomic analysis of 
individual human embryos to identify novel biomarkers of development and 
viability. Fertil Steril 85: 101-107.

50.	Katz-Jaffe MG, McReynolds S (2013) Embryology in the era of proteomics. 
Fertil Steril 99: 1073-1077.

51.	Mains LM, Christenson L, Yang B, Sparks AE, Mathur S, et al. (2011) 
Identification of apolipoprotein A1 in the human embryonic secretome. Fertil 
Steril 96: 422-427.

52.	Aydiner F, Yetkin CE, Seli E (2010) Perspectives on emerging biomarkers for 
non-invasive assessment of embryo viability in assisted reproduction. Curr Mol 
Med 10: 206-215.

53.	Cortezzi SS, Garcia JS, Ferreira CR, Braga DP, Figueira RC, et al. (2011) 
Secretome of the preimplantation human embryo by bottom-up label-free 
proteomics. Anal Bioanal Chem 401: 1331-1339.

54.	Pasini D, Cloos PA, Walfridsson J, Olsson L, Bukowski JP, et al. (2010) JARID2 
regulates binding of the Polycomb repressive complex 2 to target genes in ES 
cells. Nature 464: 306-310.

55.	Toyoda M, Kojima M, Takeuchi T (2000) Jumonji is a nuclear protein that 
participates in the negative regulation of cell growth. Biochem Biophys Res 
Commun 274: 332-336.

56.	Takeuchi T, Watanabe Y, Takano-Shimizu T, Kondo S (2006) Roles of jumonji 
and jumonji family genes in chromatin regulation and development. Dev Dyn 
235: 2449-2459.

57.	Zannis VI, Cole FS, Jackson CL, Kurnit DM, Karathanasis SK (1985) 
Distribution of apolipoprotein A-I, C-II, C-III, and E mRNA in fetal human 
tissues. Time-dependent induction of apolipoprotein E mRNA by cultures of 
human monocyte-macrophages. Biochemistry 24: 4450-4455.

58.	Dominguez F, Gadea B, Mercader A, Esteban FJ, Pellicer A, et al. (2010) 
Embryologic outcome and secretome profile of implanted blastocysts obtained 
after coculture in human endometrial epithelial cells versus the sequential 
system. Fertil Steril 93: 774-782. 

59.	Desai N, Filipovits J, Goldfarb J (2006) Secretion of soluble HLA-G by day 
3 human embryos associated with higher pregnancy and implantation rates: 
assay of culture media using a new ELISA kit. Reprod Biomed Online 13: 272-
277. 

60.	Fuzzi B, Rizzo R, Criscuoli L, Noci I, Melchiorri L, et al. (2002) HLA-G expression 
in early embryos is a fundamental prerequisite for the obtainment of pregnancy. 
Eur J Immunol 32: 311-315.

61.	Kotze DJ, Hansen P, Keskintepe L, Snowden E, Sher G, et al. (2010) 
Embryo selection criteria based on morphology VERSUS the expression of 

a biochemical marker (sHLA-G) and a graduated embryo score: prediction of 
pregnancy outcome. J Assist Reprod Genet 27: 309-316. 

62.	Rebmann V, Switala M, Eue I, Grosse-Wilde H (2010) Soluble HLA-G is an 
independent factor for the prediction of pregnancy outcome after ART: a 
German multi-centre study. Hum Reprod 25: 1691-1698.

63.	Noci I, Fuzzi B, Rizzo R, Melchiorri L, Criscuoli L, et al. (2005) Embryonic 
soluble HLA-G as a marker of developmental potential in embryos. Hum 
Reprod 20: 138-146.

64.	Rizzo R, Stignani M, Melchiorri L, Baricordi OR (2009) Possible role of human 
leukocyte antigen-G molecules in human oocyte/embryo secretome. Hum 
Immunol 70: 970-975.

65.	Tang F, Kaneda M, O’Carroll D, Hajkova P, Barton SC, et al. (2007) Maternal 
microRNAs are essential for mouse zygotic development. Genes Dev 21: 644-
648.

66.	Yang RB, Au HK, Tzeng CR, Tsai MT, Wu P, et al. (2010) Characterization of a 
novel cell-surface protein expressed on human sperm. Hum Reprod 25: 42-51.

67.	González RR, Caballero-Campo P, Jasper M, Mercader A, Devoto L, et al. 
(2000) Leptin and leptin receptor are expressed in the human endometrium 
and endometrial leptin secretion is regulated by the human blastocyst. J Clin 
Endocrinol Metab 85: 4883-4888.

68.	Cervero A, Horcajadas JA, Domínguez F, Pellicer A, Simón C (2005) Leptin 
system in embryo development and implantation: a protein in search of a 
function. Reprod Biomed Online 10: 217-223.

69.	O’Neill C (2005) The role of paf in embryo physiology. Hum Reprod Update 
11: 215-228.

70.	Leese HJ (2002) Quiet please, do not disturb: a hypothesis of embryo 
metabolism and viability. Bioessays 24: 845-849.

71.	Kolialexi A, Anagnostopoulos AK, Mavrou A, Tsangaris GT (2009) Application 
of proteomics for diagnosis of fetal aneuploidies and pregnancy complications. 
J Proteomics 72: 731-739.

72.	Jauniaux E, Jurkovic D, Gulbis B, Collins WP, Zaidi J, et al. (1994) Investigation 
of the acid-base balance of coelomic and amniotic fluids in early human 
pregnancy. Am J Obstet Gynecol 170: 1365-1369.

73.	Tsangaris GT, Karamessinis P, Kolialexi A, Garbis SD, Antsaklis A, et al. (2006) 
Proteomic analysis of amniotic fluid in pregnancies with Down syndrome. 
Proteomics 6: 4410-4419.

74.	McReynolds S, Vanderlinden L, Stevens J, Hansen K, Schoolcraft WB, et al. 
(2011) Lipocalin-1: a potential marker for noninvasive aneuploidy screening. 
Fertil Steril 95: 2631-2633.

75.	Sireesha GV, Mason RW, Hassanein M, Tonack S, Navarrete Santos A, et al. 
(2008) Role of cathepsins in blastocyst hatching in the golden hamster. Mol 
Hum Reprod 14: 337-346.

76.	Nakanishi T, Ozaki Y, Blomgren K, Tateyama H, Sugiura-Ogasawara M, et al. 
(2005) Role of cathepsins and cystatins in patients with recurrent miscarriage. 
Mol Hum Reprod 11: 351-355.

77.	Salamonsen LA1 (1999) Role of proteases in implantation. Rev Reprod 4: 11-
22.

78.	Cho CK, Shan SJ, Winsor EJ, Diamandis EP (2007) Proteomics analysis of 
human amniotic fluid. Mol Cell Proteomics 6: 1406-1415.

79.	Wang J, Wang J, Zhang HR, Shi HJ, Ma D, et al. (2009) Proteomic analysis of 
seminal plasma from asthenozoospermia patients reveals proteins that affect 
oxidative stress responses and semen quality. Asian J Androl 11: 484-491. 

80.	Nagalla SR, Canick JA, Jacob T, Schneider KA, Reddy AP, et al. (2007) 
Proteomic analysis of maternal serum in down syndrome: identification of novel 
protein biomarkers. J Proteome Res 6: 1245-1257.

81.	Mavrou A, Anagnostopoulos AK, Kolialexi A, Vougas K, Papantoniou N, et 
al. (2008) Proteomic analysis of amniotic fluid in pregnancies with Turner 
syndrome fetuses. J Proteome Res 7: 1862-1866.

82.	Guzick DS, Overstreet JW, Factor-Litvak P, Brazil CK, Nakajima ST, et al. 
(2001) Sperm morphology, motility, and concentration in fertile and infertile 
men. N Engl J Med 345: 1388-1393.

83.	Jurewicz J, Hanke W, Radwan M, Bonde JP (2009) Environmental factors and 
semen quality. Int J Occup Med Environ Health 22: 305-329.

http://www.ncbi.nlm.nih.gov/pubmed/18793766
http://www.ncbi.nlm.nih.gov/pubmed/18793766
http://www.ncbi.nlm.nih.gov/pubmed/20925431
http://www.ncbi.nlm.nih.gov/pubmed/20925431
http://www.ncbi.nlm.nih.gov/pubmed/20925431
http://www.ncbi.nlm.nih.gov/pubmed/20925431
http://www.ncbi.nlm.nih.gov/pubmed/15256379
http://www.ncbi.nlm.nih.gov/pubmed/15256379
http://www.ncbi.nlm.nih.gov/pubmed/15256379
http://www.ncbi.nlm.nih.gov/pubmed/15256379
http://www.ncbi.nlm.nih.gov/pubmed/15256379
http://www.ncbi.nlm.nih.gov/pubmed/17099207
http://www.ncbi.nlm.nih.gov/pubmed/17099207
http://www.ncbi.nlm.nih.gov/pubmed/17099207
http://www.ncbi.nlm.nih.gov/pubmed/17099207
http://www.ncbi.nlm.nih.gov/pubmed/23043689
http://www.ncbi.nlm.nih.gov/pubmed/23043689
http://www.ncbi.nlm.nih.gov/pubmed/23043689
http://www.ncbi.nlm.nih.gov/pubmed/19223337
http://www.ncbi.nlm.nih.gov/pubmed/19223337
http://www.ncbi.nlm.nih.gov/pubmed/19223337
http://www.ncbi.nlm.nih.gov/pubmed/19589524
http://www.ncbi.nlm.nih.gov/pubmed/19589524
http://www.ncbi.nlm.nih.gov/pubmed/19589524
http://www.ncbi.nlm.nih.gov/pubmed/19589524
http://www.ncbi.nlm.nih.gov/pubmed/16412738
http://www.ncbi.nlm.nih.gov/pubmed/16412738
http://www.ncbi.nlm.nih.gov/pubmed/16412738
http://www.ncbi.nlm.nih.gov/pubmed/23375196
http://www.ncbi.nlm.nih.gov/pubmed/23375196
http://www.ncbi.nlm.nih.gov/pubmed/21676393
http://www.ncbi.nlm.nih.gov/pubmed/21676393
http://www.ncbi.nlm.nih.gov/pubmed/21676393
http://www.ncbi.nlm.nih.gov/pubmed/20196727
http://www.ncbi.nlm.nih.gov/pubmed/20196727
http://www.ncbi.nlm.nih.gov/pubmed/20196727
http://www.ncbi.nlm.nih.gov/pubmed/21735065
http://www.ncbi.nlm.nih.gov/pubmed/21735065
http://www.ncbi.nlm.nih.gov/pubmed/21735065
http://www.ncbi.nlm.nih.gov/pubmed/20075857
http://www.ncbi.nlm.nih.gov/pubmed/20075857
http://www.ncbi.nlm.nih.gov/pubmed/20075857
http://www.ncbi.nlm.nih.gov/pubmed/10913339
http://www.ncbi.nlm.nih.gov/pubmed/10913339
http://www.ncbi.nlm.nih.gov/pubmed/10913339
http://www.ncbi.nlm.nih.gov/pubmed/16715513
http://www.ncbi.nlm.nih.gov/pubmed/16715513
http://www.ncbi.nlm.nih.gov/pubmed/16715513
http://www.ncbi.nlm.nih.gov/pubmed/3931677
http://www.ncbi.nlm.nih.gov/pubmed/3931677
http://www.ncbi.nlm.nih.gov/pubmed/3931677
http://www.ncbi.nlm.nih.gov/pubmed/3931677
http://www.ncbi.nlm.nih.gov/pubmed/19062008
http://www.ncbi.nlm.nih.gov/pubmed/19062008
http://www.ncbi.nlm.nih.gov/pubmed/19062008
http://www.ncbi.nlm.nih.gov/pubmed/19062008
http://www.ncbi.nlm.nih.gov/pubmed/16895646
http://www.ncbi.nlm.nih.gov/pubmed/16895646
http://www.ncbi.nlm.nih.gov/pubmed/16895646
http://www.ncbi.nlm.nih.gov/pubmed/16895646
http://www.ncbi.nlm.nih.gov/pubmed/11807769
http://www.ncbi.nlm.nih.gov/pubmed/11807769
http://www.ncbi.nlm.nih.gov/pubmed/11807769
http://www.ncbi.nlm.nih.gov/pubmed/20358276
http://www.ncbi.nlm.nih.gov/pubmed/20358276
http://www.ncbi.nlm.nih.gov/pubmed/20358276
http://www.ncbi.nlm.nih.gov/pubmed/20358276
http://www.ncbi.nlm.nih.gov/pubmed/20488801
http://www.ncbi.nlm.nih.gov/pubmed/20488801
http://www.ncbi.nlm.nih.gov/pubmed/20488801
http://www.ncbi.nlm.nih.gov/pubmed/15498780
http://www.ncbi.nlm.nih.gov/pubmed/15498780
http://www.ncbi.nlm.nih.gov/pubmed/15498780
http://www.ncbi.nlm.nih.gov/pubmed/19654031
http://www.ncbi.nlm.nih.gov/pubmed/19654031
http://www.ncbi.nlm.nih.gov/pubmed/19654031
http://www.ncbi.nlm.nih.gov/pubmed/17369397
http://www.ncbi.nlm.nih.gov/pubmed/17369397
http://www.ncbi.nlm.nih.gov/pubmed/17369397
http://www.ncbi.nlm.nih.gov/pubmed/19828552
http://www.ncbi.nlm.nih.gov/pubmed/19828552
http://www.ncbi.nlm.nih.gov/pubmed/11134157
http://www.ncbi.nlm.nih.gov/pubmed/11134157
http://www.ncbi.nlm.nih.gov/pubmed/11134157
http://www.ncbi.nlm.nih.gov/pubmed/11134157
http://www.ncbi.nlm.nih.gov/pubmed/15823226
http://www.ncbi.nlm.nih.gov/pubmed/15823226
http://www.ncbi.nlm.nih.gov/pubmed/15823226
http://www.ncbi.nlm.nih.gov/pubmed/15790601
http://www.ncbi.nlm.nih.gov/pubmed/15790601
http://www.ncbi.nlm.nih.gov/pubmed/12210521
http://www.ncbi.nlm.nih.gov/pubmed/12210521
http://www.ncbi.nlm.nih.gov/pubmed/19332162
http://www.ncbi.nlm.nih.gov/pubmed/19332162
http://www.ncbi.nlm.nih.gov/pubmed/19332162
http://www.ncbi.nlm.nih.gov/pubmed/8178867
http://www.ncbi.nlm.nih.gov/pubmed/8178867
http://www.ncbi.nlm.nih.gov/pubmed/8178867
http://www.ncbi.nlm.nih.gov/pubmed/16847874
http://www.ncbi.nlm.nih.gov/pubmed/16847874
http://www.ncbi.nlm.nih.gov/pubmed/16847874
http://www.ncbi.nlm.nih.gov/pubmed/21324447
http://www.ncbi.nlm.nih.gov/pubmed/21324447
http://www.ncbi.nlm.nih.gov/pubmed/21324447
http://www.ncbi.nlm.nih.gov/pubmed/18463158
http://www.ncbi.nlm.nih.gov/pubmed/18463158
http://www.ncbi.nlm.nih.gov/pubmed/18463158
http://www.ncbi.nlm.nih.gov/pubmed/15863450
http://www.ncbi.nlm.nih.gov/pubmed/15863450
http://www.ncbi.nlm.nih.gov/pubmed/15863450
http://www.ncbi.nlm.nih.gov/pubmed/10051098
http://www.ncbi.nlm.nih.gov/pubmed/10051098
http://www.ncbi.nlm.nih.gov/pubmed/17495049
http://www.ncbi.nlm.nih.gov/pubmed/17495049
http://www.ncbi.nlm.nih.gov/pubmed/19448646
http://www.ncbi.nlm.nih.gov/pubmed/19448646
http://www.ncbi.nlm.nih.gov/pubmed/19448646
http://www.ncbi.nlm.nih.gov/pubmed/17373838
http://www.ncbi.nlm.nih.gov/pubmed/17373838
http://www.ncbi.nlm.nih.gov/pubmed/17373838
http://www.ncbi.nlm.nih.gov/pubmed/18363353
http://www.ncbi.nlm.nih.gov/pubmed/18363353
http://www.ncbi.nlm.nih.gov/pubmed/18363353
http://www.ncbi.nlm.nih.gov/pubmed/11794171
http://www.ncbi.nlm.nih.gov/pubmed/11794171
http://www.ncbi.nlm.nih.gov/pubmed/11794171
http://www.ncbi.nlm.nih.gov/pubmed/20053623
http://www.ncbi.nlm.nih.gov/pubmed/20053623


Citation: Gupta S, Sharma R, Eliwa J, Agarwal A (2015) Predictive Roles of Proteomic Profiles in Assisted Reproduction-An Update. J Proteomics 
Bioinform S8: 005. doi:10.4172/jpb.S8-005

Page 12 of 13

J Proteomics Bioinform ISSN: 0974-276X JPB, an open access journal Clinical Proteomics

84.	Gudeloglu A, Parekattil SJ (2013) Update in the evaluation of the azoospermic 
male. Clinics (Sao Paulo) 68 Suppl 1: 27-34.

85.	Francavilla F, Santucci R, Barbonetti A, Francavilla S (2007) Naturally-
occurring antisperm antibodies in men: interference with fertility and clinical 
implications. An update. Front Biosci 12: 2890-2911.

86.	Lee R, Goldstein M, Ullery BW, Ehrlich J, Soares M, et al. (2009) Value of 
serum antisperm antibodies in diagnosing obstructive azoospermia. J Urol 181: 
264-269. 

87.	Munuce MJ, Berta CL, Pauluzzi F, Caille AM (2000) Relationship between 
antisperm antibodies, sperm movement, and semen quality. Urol Int 65: 200-
203.

88.	Johnson A, Bassham B, Lipshultz LI, Lamb DJ (1995) A quality control system 
for the optimized sperm penetration assay. Fertil Steril 64: 832-837.

89.	Gvakharia M, Greer JA, Lipshultz LI, Lamb DJ (1995) Treating male-factor 
infertility with ICSI. Contemp Urol 7: 58-6, 67.

90.	Batruch I, Smith CR, Mullen BJ, Grober E, Lo KC, et al. (2012) Analysis 
of seminal plasma from patients with non-obstructive azoospermia and 
identification of candidate biomarkers of male infertility. J Proteome Res 11: 
1503-1511.

91.	Milardi D, Grande G, Vincenzoni F, Messana I, Pontecorvi A, et al. (2012) 
Proteomic approach in the identification of fertility pattern in seminal plasma of 
fertile men. Fertil Steril 97: 67-73.

92.	Malm J, Sorensen O, Persson T, Frohm-Nilsson M, Johansson B, et al. 
(2000) The human cationic antimicrobial protein (hCAP-18) is expressed 
in the epithelium of human epididymis, is present in seminal plasma at high 
concentrations, and is attached to spermatozoa. Infect Immun 68: 4297-4302. 

93.	Zhang KM, Wang YF, Huo R, Bi Y, Lin M, et al. (2008) Characterization of 
Spindlin1 isoform2 in mouse testis. Asian J Androl 10: 741-748.

94.	Pilch B, Mann M (2006) Large-scale and high-confidence proteomic analysis of 
human seminal plasma. Genome Biol 7: R40.

95.	Kumar V, Hassan MI, Kashav T, Singh TP, Yadav S (2008) Heparin-binding 
proteins of human seminal plasma: purification and characterization. Mol 
Reprod Dev 75: 1767-1774.

96.	Ashrafzadeh A, Karsani SA, Nathan S (2013) Mammalian sperm fertility related 
proteins. Int J Med Sci 10: 1649-1657.

97.	Kumar V, Hassan MI, Tomar AK, Kashav T, Nautiyal J, et al. (2009) Proteomic 
analysis of heparin-binding proteins from human seminal plasma: a step 
towards identification of molecular markers of male fertility. J Biosci 34: 899-
908.

98.	Piomboni P, Gambera L, Serafini F, Campanella G, Morgante G, et al. 
(2008) Sperm quality improvement after natural anti-oxidant treatment of 
asthenoteratospermic men with leukocytospermia. Asian J Androl 10: 201-206.

99.	Calvete JJ, Ensslin M, Mburu J, Iborra A, Martinez P, et al. (1997) Monoclonal 
antibodies against boar sperm zona pellucida-binding protein AWN-1. 
Characterization of a continuous antigenic determinant and immunolocalization 
of AWN epitopes in inseminated sows. Biol Reprod 57: 735-742. 

100.	Mezquita C (1985) Chromatin composition, structure and function in 
spermatogenesis. Revis Biol Celular 5: V-XIV, 1-124.

101.	Singleton S, Zalensky A, Doncel GF, Morshedi M, Zalenskaya IA (2007) Testis/
sperm-specific histone 2B in the sperm of donors and subfertile patients: 
variability and relation to chromatin packaging. Hum Reprod 22: 743-750.

102.	Oliva R1 (2006) Protamines and male infertility. Hum Reprod Update 12: 417-
435.

103.	Hammadeh ME, Hamad MF, Montenarh M, Fischer-Hammadeh C (2010) 
Protamine contents and P1/P2 ratio in human spermatozoa from smokers and 
non-smokers. Hum Reprod 25: 2708-2720.

104.	Tavalaee M, Razavi S, Nasr-Esfahani MH (2009) Influence of sperm chromatin 
anomalies on assisted reproductive technology outcome. Fertil Steril 91: 
1119-1126.

105.	de Mateo S, Castillo J, Estanyol JM, Ballescà JL, Oliva R (2011) Proteomic 
characterization of the human sperm nucleus. Proteomics 11: 2714-2726.

106.	Zhang J, Ding X, Bian Z, Xia Y, Lu C, et al. (2010) The effect of anti-eppin 
antibodies on ionophore A23187-induced calcium influx and acrosome 

reaction of human spermatozoa. Hum Reprod 25: 29-36.

107.	Bianchi L, Gagliardi A, Campanella G, Landi C, Capaldo A, et al. (2013) A 
methodological and functional proteomic approach of human follicular fluid en 
route for oocyte quality evaluation. J Proteomics 90: 61-76.

108.	Clark GF (2011) Molecular models for mouse sperm-oocyte binding. 
Glycobiology 21: 3-5.

109.	Gadella BM (2008) Sperm membrane physiology and relevance for fertilization. 
Anim Reprod Sci 107: 229-236.

110.	Redgrove KA, Nixon B, Baker MA, Hetherington L, Baker G, et al. (2012) The 
molecular chaperone HSPA2 plays a key role in regulating the expression of 
sperm surface receptors that mediate sperm-egg recognition. PLoS One 7: 
e50851.

111.	Zhao C, Huo R, Wang FQ, Lin M, Zhou ZM, et al. (2007) Identification of 
several proteins involved in regulation of sperm motility by proteomic analysis. 
Fertil Steril 87: 436-438.

112.	Lhuillier P, Rode B, Escalier D, Lorès P, Dirami T, et al. (2009) Absence of 
annulus in human asthenozoospermia: case report. Hum Reprod 24: 1296-
1303.

113.	Kissel H, Georgescu MM, Larisch S, Manova K, Hunnicutt GR, et al. (2005) 
The Sept4 septin locus is required for sperm terminal differentiation in mice. 
Dev Cell 8: 353-364.

114.	Stone S, O’Mahony F, Khalaf Y, Taylor A, Braude P (2000) A normal livebirth 
after intracytoplasmic sperm injection for globozoospermia without assisted 
oocyte activation: case report. Hum Reprod 15: 139-141. 

115.	Kilani Z, Ismail R, Ghunaim S, Mohamed H, Hughes D, et al. (2004) Evaluation 
and treatment of familial globozoospermia in five brothers. Fertil Steril 82: 
1436-1439.

116.	Liao TT, Xiang Z, Zhu WB, Fan LQ (2009) Proteome analysis of round-headed 
and normal spermatozoa by 2-D fluorescence difference gel electrophoresis 
and mass spectrometry. Asian J Androl 11: 683-693.

117.	Muratori M, Luconi M, Marchiani S, Forti G, Baldi E (2009) Molecular markers 
of human sperm functions. Int J Androl 32: 25-45.

118.	Davalieva K, Kiprijanovska S, Noveski P, Plaseski T, Kocevska B, et al. (2012) 
Proteomic analysis of seminal plasma in men with different spermatogenic 
impairment. Andrologia 44: 256-264.

119.	Kumar S, Tomar AK, Singh S, Saraswat M, Singh S, et al. (2012) Human 
serum albumin as a new interacting partner of prolactin inducible protein in 
human seminal plasma. Int J Biol Macromol 50: 317-322. 

120.	Chiu WW, Chamley LW (2003) Human seminal plasma prolactin-inducible 
protein is an immunoglobulin G-binding protein. J Reprod Immunol 60: 97-111.

121.	Agarwal A, Durairajanayagam D, Halabi J, Peng J, Vazquez-Levin M4 (2014) 
Proteomics, oxidative stress and male infertility. Reprod Biomed Online 29: 
32-58.

122.	Sharma R, Agarwal A, Mohanty G, Du Plessis SS, Gopalan B, et al. (2013) 
Proteomic analysis of seminal fluid from men exhibiting oxidative stress. 
Reprod Biol Endocrinol 11: 85.

123.	Hamada A, Sharma R, du Plessis SS, Willard B, Yadav SP, et al. (2013) 
Two-dimensional differential in-gel electrophoresis-based proteomics of male 
gametes in relation to oxidative stress. Fertil Steril 99: 1216-1226.

124.	Légaré C, Droit A, Fournier F, Bourassa S, Force A, et al. (2014) Investigation 
of male infertility using quantitative comparative proteomics. J Proteome Res 
13: 5403-5414.

125.	Frapsauce C, Pionneau C, Bouley J, Delarouziere V, Berthaut I, et al. (2014) 
Proteomic identification of target proteins in normal but nonfertilizing sperm. 
Fertil Steril 102: 372-380.

126.	Aitken RJ, Baker MA (2008) The role of proteomics in understanding sperm 
cell biology. Int J Androl 31: 295-302.

127.	Sharma R, Agarwal A, Mohanty G, Hamada AJ, Gopalan B, et al. (2013) 
Proteomic analysis of human spermatozoa proteins with oxidative stress. 
Reprod Biol Endocrinol 11: 48.

128.	Sharma R, Agarwal A, Mohanty G, Jesudasan R, Gopalan B, et al. (2013) 
Functional proteomic analysis of seminal plasma proteins in men with various 
semen parameters. Reprod Biol Endocrinol 11: 38.

http://www.ncbi.nlm.nih.gov/pubmed/23503952
http://www.ncbi.nlm.nih.gov/pubmed/23503952
http://www.ncbi.nlm.nih.gov/pubmed/17485267
http://www.ncbi.nlm.nih.gov/pubmed/17485267
http://www.ncbi.nlm.nih.gov/pubmed/17485267
http://www.ncbi.nlm.nih.gov/pubmed/19013620
http://www.ncbi.nlm.nih.gov/pubmed/19013620
http://www.ncbi.nlm.nih.gov/pubmed/19013620
http://www.ncbi.nlm.nih.gov/pubmed/11112869
http://www.ncbi.nlm.nih.gov/pubmed/11112869
http://www.ncbi.nlm.nih.gov/pubmed/11112869
http://www.ncbi.nlm.nih.gov/pubmed/7672158
http://www.ncbi.nlm.nih.gov/pubmed/7672158
http://www.ncbi.nlm.nih.gov/pubmed/10155164
http://www.ncbi.nlm.nih.gov/pubmed/10155164
http://www.ncbi.nlm.nih.gov/pubmed/22188163
http://www.ncbi.nlm.nih.gov/pubmed/22188163
http://www.ncbi.nlm.nih.gov/pubmed/22188163
http://www.ncbi.nlm.nih.gov/pubmed/22188163
http://www.ncbi.nlm.nih.gov/pubmed/22088208
http://www.ncbi.nlm.nih.gov/pubmed/22088208
http://www.ncbi.nlm.nih.gov/pubmed/22088208
http://www.ncbi.nlm.nih.gov/pubmed/10858248
http://www.ncbi.nlm.nih.gov/pubmed/10858248
http://www.ncbi.nlm.nih.gov/pubmed/10858248
http://www.ncbi.nlm.nih.gov/pubmed/10858248
http://www.ncbi.nlm.nih.gov/pubmed/18645677
http://www.ncbi.nlm.nih.gov/pubmed/18645677
http://www.ncbi.nlm.nih.gov/pubmed/16709260
http://www.ncbi.nlm.nih.gov/pubmed/16709260
http://www.ncbi.nlm.nih.gov/pubmed/18425775
http://www.ncbi.nlm.nih.gov/pubmed/18425775
http://www.ncbi.nlm.nih.gov/pubmed/18425775
http://www.ncbi.nlm.nih.gov/pubmed/24151436
http://www.ncbi.nlm.nih.gov/pubmed/24151436
http://www.ncbi.nlm.nih.gov/pubmed/20093743
http://www.ncbi.nlm.nih.gov/pubmed/20093743
http://www.ncbi.nlm.nih.gov/pubmed/20093743
http://www.ncbi.nlm.nih.gov/pubmed/20093743
http://www.ncbi.nlm.nih.gov/pubmed/18097513
http://www.ncbi.nlm.nih.gov/pubmed/18097513
http://www.ncbi.nlm.nih.gov/pubmed/18097513
http://www.ncbi.nlm.nih.gov/pubmed/9314574
http://www.ncbi.nlm.nih.gov/pubmed/9314574
http://www.ncbi.nlm.nih.gov/pubmed/9314574
http://www.ncbi.nlm.nih.gov/pubmed/9314574
http://www.ncbi.nlm.nih.gov/pubmed/2448849
http://www.ncbi.nlm.nih.gov/pubmed/2448849
http://www.ncbi.nlm.nih.gov/pubmed/17110399
http://www.ncbi.nlm.nih.gov/pubmed/17110399
http://www.ncbi.nlm.nih.gov/pubmed/17110399
http://www.ncbi.nlm.nih.gov/pubmed/16581810
http://www.ncbi.nlm.nih.gov/pubmed/16581810
http://www.ncbi.nlm.nih.gov/pubmed/20823111
http://www.ncbi.nlm.nih.gov/pubmed/20823111
http://www.ncbi.nlm.nih.gov/pubmed/20823111
http://www.ncbi.nlm.nih.gov/pubmed/18504041
http://www.ncbi.nlm.nih.gov/pubmed/18504041
http://www.ncbi.nlm.nih.gov/pubmed/18504041
http://www.ncbi.nlm.nih.gov/pubmed/21630459
http://www.ncbi.nlm.nih.gov/pubmed/21630459
http://www.ncbi.nlm.nih.gov/pubmed/19801569
http://www.ncbi.nlm.nih.gov/pubmed/19801569
http://www.ncbi.nlm.nih.gov/pubmed/19801569
http://www.ncbi.nlm.nih.gov/pubmed/23500131
http://www.ncbi.nlm.nih.gov/pubmed/23500131
http://www.ncbi.nlm.nih.gov/pubmed/23500131
http://www.ncbi.nlm.nih.gov/pubmed/21188842
http://www.ncbi.nlm.nih.gov/pubmed/21188842
http://www.ncbi.nlm.nih.gov/pubmed/18556155
http://www.ncbi.nlm.nih.gov/pubmed/18556155
http://www.ncbi.nlm.nih.gov/pubmed/23209833
http://www.ncbi.nlm.nih.gov/pubmed/23209833
http://www.ncbi.nlm.nih.gov/pubmed/23209833
http://www.ncbi.nlm.nih.gov/pubmed/23209833
http://www.ncbi.nlm.nih.gov/pubmed/17074334
http://www.ncbi.nlm.nih.gov/pubmed/17074334
http://www.ncbi.nlm.nih.gov/pubmed/17074334
http://www.ncbi.nlm.nih.gov/pubmed/19221096
http://www.ncbi.nlm.nih.gov/pubmed/19221096
http://www.ncbi.nlm.nih.gov/pubmed/19221096
http://www.ncbi.nlm.nih.gov/pubmed/15737931
http://www.ncbi.nlm.nih.gov/pubmed/15737931
http://www.ncbi.nlm.nih.gov/pubmed/15737931
http://www.ncbi.nlm.nih.gov/pubmed/10611203
http://www.ncbi.nlm.nih.gov/pubmed/10611203
http://www.ncbi.nlm.nih.gov/pubmed/10611203
http://www.ncbi.nlm.nih.gov/pubmed/15533374
http://www.ncbi.nlm.nih.gov/pubmed/15533374
http://www.ncbi.nlm.nih.gov/pubmed/15533374
http://www.ncbi.nlm.nih.gov/pubmed/19823175
http://www.ncbi.nlm.nih.gov/pubmed/19823175
http://www.ncbi.nlm.nih.gov/pubmed/19823175
http://www.ncbi.nlm.nih.gov/pubmed/18298567
http://www.ncbi.nlm.nih.gov/pubmed/18298567
http://www.ncbi.nlm.nih.gov/pubmed/22288839
http://www.ncbi.nlm.nih.gov/pubmed/22288839
http://www.ncbi.nlm.nih.gov/pubmed/22288839
http://www.ncbi.nlm.nih.gov/pubmed/22209935
http://www.ncbi.nlm.nih.gov/pubmed/22209935
http://www.ncbi.nlm.nih.gov/pubmed/22209935
http://www.ncbi.nlm.nih.gov/pubmed/14638438
http://www.ncbi.nlm.nih.gov/pubmed/14638438
http://www.ncbi.nlm.nih.gov/pubmed/24813754
http://www.ncbi.nlm.nih.gov/pubmed/24813754
http://www.ncbi.nlm.nih.gov/pubmed/24813754
http://www.ncbi.nlm.nih.gov/pubmed/24004880
http://www.ncbi.nlm.nih.gov/pubmed/24004880
http://www.ncbi.nlm.nih.gov/pubmed/24004880
http://www.ncbi.nlm.nih.gov/pubmed/23312230
http://www.ncbi.nlm.nih.gov/pubmed/23312230
http://www.ncbi.nlm.nih.gov/pubmed/23312230
http://www.ncbi.nlm.nih.gov/pubmed/25355644
http://www.ncbi.nlm.nih.gov/pubmed/25355644
http://www.ncbi.nlm.nih.gov/pubmed/25355644
http://www.ncbi.nlm.nih.gov/pubmed/24882558
http://www.ncbi.nlm.nih.gov/pubmed/24882558
http://www.ncbi.nlm.nih.gov/pubmed/24882558
http://www.ncbi.nlm.nih.gov/pubmed/18179557
http://www.ncbi.nlm.nih.gov/pubmed/18179557
http://www.ncbi.nlm.nih.gov/pubmed/23688036
http://www.ncbi.nlm.nih.gov/pubmed/23688036
http://www.ncbi.nlm.nih.gov/pubmed/23688036
http://www.ncbi.nlm.nih.gov/pubmed/23663294
http://www.ncbi.nlm.nih.gov/pubmed/23663294
http://www.ncbi.nlm.nih.gov/pubmed/23663294


Citation: Gupta S, Sharma R, Eliwa J, Agarwal A (2015) Predictive Roles of Proteomic Profiles in Assisted Reproduction-An Update. J Proteomics 
Bioinform S8: 005. doi:10.4172/jpb.S8-005

Page 13 of 13

J Proteomics Bioinform ISSN: 0974-276X JPB, an open access journal Clinical Proteomics

129.	Amaral A, Paiva C, Attardo Parrinello C, Estanyol JM, Ballescà JL, et al. 
(2014) Identification of proteins involved in human sperm motility using high-
throughput differential proteomics. J Proteome Res 13: 5670-5684.

130.	Mohanty G, Swain N, Samanta L (2014) Sperm Proteome: What Is on the
Horizon? Reprod Sci.

Citation: Gupta S, Sharma R, Eliwa J, Agarwal A (2015) Predictive Roles 
of Proteomic Profiles in Assisted Reproduction-An Update. J Proteomics 
Bioinform S8: 005. doi:10.4172/jpb.S8-005

This article was originally published in a special issue, Clinical Proteomics 
handled by Editor. Dr. Punit Kaur, Morehouse School of Medicine, USA

http://www.ncbi.nlm.nih.gov/pubmed/25250979
http://www.ncbi.nlm.nih.gov/pubmed/25250979
http://www.ncbi.nlm.nih.gov/pubmed/25250979
http://www.ncbi.nlm.nih.gov/pubmed/25376881
http://www.ncbi.nlm.nih.gov/pubmed/25376881
http://dx.doi.org/10.4172/jpb.S8-005

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	Endometrial Receptivity 
	Proteomics and Endometrial Receptivity 
	Proteomics and Embryonic Viability 
	Proteomics and Aneuploidy 
	Proteomics and Male Infertility 
	Proteomics and Asthenozoospermia, Globozoospermia, Oligozoospermia and Azoospermia 
	Conclusion 
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	References



