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Objective: To identify the male molecular causes of failures of IVF (with a deficient binding of spermatozoa to the zona pellucida,
without any obvious oocyte anomaly), which are undetected by classical sperm analysis.

Design: Case-control prospective study.

Setting: University hospital.

Patient(s): Proteomic profiles of spermatozoa in patients with a complete failure of fertilization and no spermatozoa bound to the zona
pellucida were compared with those of controls (men with normal fertilization and cleavage rates after classical IVF for tubal
indication).

Intervention(s): All samples were analyzed by two-dimensional fluorescence difference gel electrophoresis (2D-DIGE) after being
divided into three fractions according to their isoelectric point.

Main Outcome Measure(s): Differentially expressed proteins between infertile men and controls were identified by mass spectrometry.
Result(s): Seventeen proteins differentially expressed between cases and controls were found. Twelve of these proteins were identified
by mass spectrometry, and two may influence gametes interaction: laminin receptor LR67 and L-xylulose reductase (P34H).
Conclusion(s): This study shows that 2D-DIGE might be useful in finding potential targets for
diagnosis and prognosis of idiopathic infertility in IVF. (Fertil Steril® 2014; Il :ll -l. ©2014 by
American Society for Reproductive Medicine.)
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tempts lead to complete and unex-

pected failure of fertilization,
despite normal sperm parameters. In
569 of the cases, a severe decrease of
sperm fixation to the zona pellucida is
noticed without any impairment in
the number, maturity, or quality of
retrieved oocytes (1). These biological

I n conventional IVF, 5% of the at-

observations suggest an infertility of
male origin and defective gametic
interaction due to spermatozoa, as
already described in the literature (2, 3).

Animal experiments with trans-
genic mice have improved the basic
knowledge of the fertilization process.
Mice deficient in germinal angiotensin
converting enzyme have a similar
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phenotype: male factor infertility char-
acterized by a failure of fertilization
and a reduced number of spermatozoa
binding to the zona pellucida, despite
apparently normal sperm (4, 5). Others
gene invalidations concerning the A-
disintegrin and metalloprotease group
of proteins (ADAM proteins) lead to
the same phenotype. Male mice
lacking fertilin § (ADAM 2) are
infertile. Spermatozoa have a reduced
capacity to bind to the zona pellucida
and fuse with the oocyte cytoplasmic
membrane (6). When cyritestin
(ADAM 3) is disrupted, male mice are
also infertile, with a poor fixation of
spermatozoa to the zona pellucida but
a preserved ability to fuse with zona-
free oocytes (7).
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New experimental technologies like proteomics allow
significant progress in discovering target proteins involved
in human fertilization and novel diagnostic biomarkers
of human male factor infertility (8-10). Numerous high-
resolution proteomic profiles of normal spermatozoa have
been performed with two-dimensional electrophoresis
(2D-E) or liquid chromatography associated with mass spec-
trometry (11-14). Only a few authors have focused on
infertile patients and have analyzed the proteomic profiles
of asthenozoospermic or oligospermic men (15-18). Others
investigated the difference in protein expression between
human round-headed and normal spermatozoa (19). In
2012, Xu et al., studied the proteomic characteristics of sper-
matozoa in normospermic patients with infertility. With 2D-E
gels and mass spectrometry, they identified 24 proteins differ-
entially expressed between fertile and infertile men, which
concerned sperm motility, capacitation, acrosomal reaction,
and sperm-oocyte proliferation (20). With regard to failure
of fertilization in conventional IVF, Pixton et al. reported a
case of complete failure of fertilization in a man with normal
sperm parameters (21). After comparison by 2D-E of the
sperm proteome profile of this patient with those of several
semen donors, 20 proteins were found to be differentially
expressed between the patients and the semen donors.

All these findings bring new understanding to the molec-
ular process of fertilization in humans. With an innovative
approach combining a protein prefractionation method based
on the protein isoelectric point (pI) with two-dimensional
fluorescence difference gel electrophoresis (2D-DIGE), we
have tried to analyze the spermatozoa proteome profile of pa-
tients with normal sperm parameters who failed to fertilize in
conventional IVF. Their particular phenotype, with a lack of
sperm binding to the zona pellucida, led us to hypothesize a
molecular defect in the surface function of the gamete.

MATERIALS AND METHODS
Subjects and Sample Collection

This project was approved by the bioethics committee of
Tenon Hospital (ARC APHP no. 01020) and runs between
2006 and 2008. During the study period, 2,022 IVF cycles
were performed. Sixty percent of the cycles were intracyto-
plasmic sperm injection (ICSI). Informed consent was ob-
tained from all the subjects. Included men had normal
sperm parameters according to the 1999 World Health Orga-
nization’s (WHO) criteria, which are more strict than new ones
(22), and postcapacitation test on density gradient yielded at
least 1 million motile spermatozoa. Complete failure of fertil-
ization in conventional IVF was noticed with none or very
few spermatozoa bound to the zona pellucida of mature oo-
cytes (<10 spermatozoa). For IVF procedure, 80,000 sperma-
tozoa with progressive mobility, per milliliter, were
inseminated in each dish. Sperm motility was checked
18 hours postincubation and was normal in all cases and con-
trols. Identifiable oocyte causes for failure of fertilization
were excluded (less than four retrieved oocytes or immature,
degenerative, or dysmorphic retrieved oocytes). Unexplained
failures of fertilization with unexpected poor survival or
normal binding to the zona pellucida were also excluded. In

parallel, a control group was selected that was composed of
men with normal and fertilizing sperm during a past conven-
tional IVF.

Specific semen samples were collected for the proteomic
study to eliminate albumin contained in IVF media. Semen
samples were prepared in the laboratory, produced by mastur-
bation into a sterile container, 2 or 3 days after the IVF
attempt. After liquefaction, sperm parameters were evaluated
(volume, sperm concentration, motility) according to the latest
criteria (22). Spermatozoa were separated from seminal plasma
by centrifugation (300 g, 20 minutes) through discontinuous
density gradients (45%-90%, Puresperm, Nidacon) diluted in
Ham’s F12 medium (Gibco). The pellet was washed twice in
phosphate-buffered saline (1x), by centrifugation (450 g,
10 minutes). The supernatant was totally removed. The dry
pellet was frozen at —80°C. The proteins were extracted in
lysis buffer (urea 8.3 M; thiourea 2 M; Chaps 40%; DTT
50 mM; spermin dihydrate base 24 mM). After new centrifuga-
tion (16,000 g, 30 minutes, 4°C), the supernatant was collected.
All protein extracts were frozen at —80°C. Six samples (three
cases and three controls) were analyzed in the study.

Prefractionation of Protein Extracts

Isoelectrofocusing (IEF) in liquid phase was used for the pre-
fractionation of the samples. Proteins were separated accord-
ing to their pl, with Zuo and Speicher’s method in an IEF
Zoom Fractionator (Invitrogen) (23). Protein extracts (patients
and controls) were each separated into three fractions, corre-
sponding to three reduced pH gradients: fraction 1
(3<pH<5.4), fraction 2 (5.4<pH<7), and fraction 3
(7<pH<10).

2D-DIGE (24)

Two-dimensional DIGE was performed as described elsewhere
(25). All protein fractions were first precipitated with the Per-
fect Focus Kit (G-Biosciences) and resuspended in labeling
buffer (urea 7 M; thiourea 2 M; Chaps 4%; Tris pH 8.8
30 mM). Protein fractions were then labeled using fluorescent
cyanine dyes (Cy), according to the manufacturer’s instruc-
tions for minimal labeling (GE Healthcare Life Sciences).
The internal standard, a mixture of identical amounts of the
six protein samples, was labeled with Cy2 and used for
normalization and gel matching. Cy3 and Cy5 were alterna-
tively used to label the cases and controls protein extracts ac-
cording to the dye switch method. To compare more than two
analytical samples, all normalized Cy3 and Cy5 images were
matched across all gels using Cy2 images. Labeled proteins
were separated on 24 cm Immobiline DryStrip gels (GE
Healthcare Life Sciences) and rehydrated for at least 12 hours.
Three linear pH gradients were used according to protein frac-
tions (fraction 1, 4.5-5.5, fraction 2, 5.3-6.7, fraction 3, 6-9).
Strips were focused at 20°C for a total of 95 kVh in fraction 1,
135 kVh in fraction 2, and 33 kVh in fraction 3 using the Ettan
I TPGphor system (GE Healthcare Life Sciences). Once IEF was
complete, the strips were equilibrated in SDS-containing
buffer (reduction and alkylation) before being loaded onto
SDS polyacrylamide gels for separation according to the
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