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Mammalian spermatozoa undergo a marked reduction in
number during their journey through the female reproduc-
tive tract. One of the checkpoints in the selection of ferti-
lizing spermatozoa may be the transient adhesion to the
Fallopian tube epithelium, an event previously shown to
play a key role in sperm storage. Bovine spermatozoa
adhering to the Fallopian tube epithelium in vitro may
be synchronously released by sulphated glycoconjugates.
In the present study, experiments were designed to quantify
the number of spermatozoa selected through adhesion,
and to compare the zona pellucida (ZP) binding and
fertilization competence of the initial sperm suspension
versus the bound and unbound sperm subpopulations.
Results showed that: (1) a fraction accounting for about
30% of the initial sperm suspension was selected by

in vitro adhesion to oviductal epithelial cell monolayers;
(2) selected spermatozoa, collected after heparin-induced
release, had a significantly superior ZP binding and ferti-
lization competence (mean + SD: 110 + 28 bound sper-
matozoa per oocyte; % cleavage, mean + SEM: 89 +4)
compared with both the initial sperm suspension (45 +10
bound spermatozoa per oocyte, P < 0.001; % cleavage:
69 £ 3, P < 0.05) and the unselected subpopulation (30 + 4
bound spermatozoa per oocyte, P < 0.001; % cleavage:
58 £+ 3, P < 0.01). These findings support the hypothesis
that binding to oviductal cells is not only beneficial
for sperm survival but also represents a crucial step
for the selection of spermatozoa endowed with superior
fertilization competence.

Introduction

In mammals, millions of spermatozoa are ejaculated
into the female reproductive tract at coitus but only
a few are able to reach the ampulla at the time of
ovulation. This marked reduction in the number of sper-
matozoa may be correlated with the presence of control
mechanisms within the female reproductive tract that
act as checkpoints for the selection of fertilizing
spermatozoa. During the journey through the female
reproductive tract, spermatozoa first interact with
the lower oviduct microenvironment and then with the
cumulus—oocyte complexes (COCs) transported within
the upper oviduct. In several species, the period from the
onset of oestrus to ovulation covers several hours or even
days (Hunter, 1988); therefore, spermatozoa reaching
the oviduct at mating must maintain a fertilization
competence until ovulation. Both in vivo and in vitro
studies indicate that the oviduct provides a suitable
environment that extends the fertile life of spermatozoa
until unknown ovulation-associated signals allow sperm
migration toward the ampulla, the site of fertilization
(Smith and Yanagimachi, 1990; Hunter et al., 1991;
Harper, 1994). In humans, similar mechanisms appear to
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operate to extend the period during which spermatozoa
in the female reproductive tract are fertile (Ellington
et al, 1998a, 1999). However, although in the last
10 years several studies have addressed the role of either
oviductal secretions (Parrish et al., 1989; McNutt and
Killian, 1991; Anderson and Killian, 1994; ljaz et al.,
1994; McNutt et al., 1994; Abe et al., 1995a; Chian
and Sirard, 1995; Chian et al., 1995; Grippo et al.,
1995), specific glycoproteins (Abe et al., 1995b) or
direct cell contact (Ellington et al., 1991; Pollard et al.,
1991; Chian and Sirard, 1995; Lefebvre et al., 1995)
in the maintenance of the fertilization competence of
spermatozoa, it is becoming increasingly clear that
adhesion to the oviduct also plays a key role in sperm
selection. In fact, several reports in different species
indicate that only spermatozoa characterized by intact
acrosomes (Gualtieri and Talevi, 2000), an uncapacitated
status (Thomas et al., 1995; Lefebvre and Suarez, 1996;
Fazeli et al., 1999), superior morphology (Thomas et al.,
1994) and normal chromatin structure (Ellington et al.,
1999) can adhere to tubal epithelial cells in vitro. It
has been suggested that the sperm-zona pellucida (ZP)
interaction represents a further step in sperm selection. In
fact, binding of spermatozoa to ZP selects spermatozoa
endowed with progressive motility, normal morphology
and chromatin structure (Hoshi et al., 1996), and may
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also discriminate against spermatozoa with numerical
chromosomal aberrations (Van Dyk et al., 2000).

The wide diffusion of assisted reproductive biotech-
nologies has led to an increasing interest in the study
of the natural processes involved in sperm selection. As
current IVF protocols bypass several steps in the natural
fertilization process, understanding the effects of the
oviductal microenvironment on sperm physiology may
improve methods for sperm selection in IVF technologies.
Gualtieri and Talevi (2000) developed an in vitro sperm—
oviductal cell co-culture system and a quantitative
adhesion assay to study the role of cell adhesion in
the maintenance of the fertilization competence of
spermatozoa and sperm selection in cows. As mentioned
above, however, although results of studies in several
species indicate that adhesion to Fallopian tube epithelial
cells selects a superior sperm subpopulation, until now
it has not been possible to recover this subpopulation
for further characterization or use in reproductive
biotechnologies. Sulphated glycoconjugates, such as
heparin, fucoidan and dextran sulphate, are powerful
inducers of sperm release in vitro (Talevi and Gualtieri,
2001). As heparin-like glycoconjugates are present in
the bovine oviductal fluid and their concentrations and
capacitating activities change, being maximal at oestrus
(Parrish et al., 1989), it is hypothesized that sulphated
glycosaminoglycans act as signals to allow sperm release
and therefore migration toward the upper oviduct at
the time of ovulation (Talevi and Gualtieri, 2001). The
possibility of synchronously inducing the release of
spermatozoa bound to the bovine Fallopian tube in vitro
has provided, for the first time, an opportunity to study
the ability of these spermatozoa to fertilize.

In the present study, the fertilization and the
ZP-binding competence of the sperm subpopulation
adhering to Fallopian tube monolayers in vitro were
compared with those of the sperm subpopulation unable
to adhere as well as to the whole ejaculate of single bulls
from which the subpopulations were recovered in vitro.
The results indicate that oviductal monolayers cultured
in vitro are able to select spermatozoa with superior
fertilization and ZP-binding abilities.

Materials and Methods
Chemicals

Pig FSH, equine LH, B-oestradiol, BSA (fraction V
and fraction V fatty acid free), heparin (sodium salt,
purified from pig intestinal mucosa, H3393), gelatin,
Hoechst 33258 and 33342, hypotaurine, adrenalin,
and penicillamine were obtained from Sigma Chem-
ical Company (Milan). M199, fetal calf serum (FCS),
gentamycin, fungizone, Hepes and sodium bicarbonate
were obtained from Gibco (Milan). Glutaraldehyde was
obtained from TAAB Laboratories (Rome) and Percoll
was obtained from Amersham-Pharmacia (Milan).

Reagents and water for preparation of saline and culture
media were all cell-culture tested.

Oviduct monolayers

Oviducts were collected from cows at the time
of slaughter and transported to the laboratory in
Dulbecco’s PBS supplemented with 50 wg gentamycin
ml~" at 4°C. Laminae of epithelial cells, recovered
from oviducts of single animals by squeezing, were
cultured in M199 supplemented with 50 pg gentamycin
ml=", 1pg fungizone ml~', and 10% FCS, as de-
scribed by Gualtieri and Talevi (2000). Bovine oviductal
epithelial cells (BOEC) were cultured in 10cm Petri
dishes (Falcon; Becton Dickinson, Milan) for 24-48h
and then transferred into four-well tissue culture dishes
(Nunc) with or without 12 mm gelatin-coated glass round
coverslips on the well bottom. Fresh media changes
were performed every 48h. Cell confluence on both
gelatin-coated glass surfaces and plastic was attained in
about 7-10 days. Monolayers were used within 24-48 h
after attainment of cell confluence. Within each ex-
periment, BOEC monolayers from a single individual
were washed three times in modified Tyrode’s albumin
lactate pyruvate medium (sp-TALP; Parrish et al., 1988,
modified as described by Paula-Lopes et al., 1998), and
left in this medium until addition of spermatozoa (1-3 h).

Sperm preparation

Frozen bovine semen from three bulls (0.5 ml straws;
approximately 50 x 10° spermatozoa per straw), ob-
tained from Semen Italy (San Giuliano Saliceta, Modena),
was used in all experiments. Straws were thawed in
a water bath at 38°C for 30s and then washed and
stained at the same time in a discontinuous Percoll
gradient, containing 10 ug Hoechst 33342 ml~". The
semen samples were deposited on the top of the Percoll
layers, prepared by depositing T ml 90% and 1 ml 45%
Percoll to form two layers in a 15 ml centrifuge tube, and
centrifuged for 30 min at 200 g. The supernatant was
removed and the pellet, resuspended in 300 pl sp-TALP,
was brought to 5 ml with sp-TALP, centrifuged at 350 g for
10 min, and resuspended in 300 wl sp-TALP. Aliquots of
recovered spermatozoa were assessed for concentration
and percentage of motility using a haemocytometer on a
microscope stage heated at 38.5°C. Hoechst staining was
omitted when spermatozoa were prepared for separation
of the bound (BSS) and unbound sperm subpopulations
(UBSS) and subsequent assessment of fertilization and
ZP-binding competence.

Quantitative analysis of sperm subpopulation selected
by adhesion to oviductal monolayers

Confluent monolayers cultured on gelatin-coated
coverslips in four-well tissue culture dishes (Nunc)
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were inseminated with the same Hoechst-labelled sperm
suspension (prepared as described above) at 0.1, 0.5,
1 and 5 x 10° motile spermatozoa per well in 0.75ml
IVF-TALP for 1h (38.5°C, 5% CO, in air) to determine
in single ejaculates the number of spermatozoa able to
adhere to oviductal monolayers in vitro. At the end of co-
culture, 0.5 ml culture supernatant containing UBSS was
collected from each well and the remaining UBSS was re-
moved by washing each well five times and the oviductal
monolayers with adhering spermatozoa were fixed in
glutaraldehyde 2.5% in PBS, for 1 h at room temperature
(20°C), extensively washed and mounted with the same
buffer on a glass slide. UBSS collected after 1 h of co-
culture were assessed for number of spermatozoa and
percentage of motility and then reinseminated on parallel
monolayers at 0.3, 0.5 and 2.5 x 10° motile spermatozoa
per well in 0.75ml IVF-TALP for 1h (38.5°C, 5% CO,
in air) to investigate whether spermatozoa unable to
bind oviductal monolayers after 1h of co-culture may
acquire this ability after further co-incubation. Co-
cultures were fixed as described above after UBSS remo-
val. For each well, fields of 0.286 mm? were acquired
using a Zeiss Axioplan microscope equipped with
phase-contrast, fluorescence and Nomarsky optics, by
means of an Optronix camera and KS 300 software
(Zeiss, Milan). The number of bound spermatozoa was
determined by analysing 10 fields of 0.286 mm? for each
well.

Oocyte collection and in vitro maturation

Ovaries were collected at the time of slaughter
and transported to the laboratory in Dulbecco’s PBS
supplemented with 50 pg gentamycin ml~" (Gibco)
at 35°C. COCs were then collected by aspiration of
individual follicles with an 18-gauge needle in M199,
50 pg gentamycin ml=', 1 pg fungizone ml=" and 10%
FCS. COCs were matured in the same medium (10 COCs
per 50 wl under light paraffin oil) supplemented with
2 pg oestradiol ml=!, 0.1 iu FSH mI=" and 10 iu LHml~!
(Sigma) for 24 h at 38.5°C, 5% COs in air. The selection
of COCs matured in vitro was not performed before
insemination. After extensive rinses in Hepes-TALP,
COCs were transferred to IVF-TALP (Paula-Lopes et al.,
1998) and inseminated in groups of 50 as described
below.

Selection of sperm subpopulations on oviductal
monolayers

Confluent monolayers cultured in four-well tissue
culture dishes (Nunc) were inseminated with the same
sperm suspension at 3-5 x 10° motile spermatozoa per
well in 0.75ml IVF-TALP for 1h (38.5°C, 5% CO;
in air), to recover the sperm subpopulations able or
unable to adhere to oviductal monolayers from single
ejaculates. As a control the same sperm suspension was

added to 12-well tissue culture dishes (Falcon; Becton
Dickinson) in which cell culture inserts (PET, 3 um
pore size) precluded the contact between spermatozoa
and oviductal monolayers. At the end of co-culture,
both the sperm suspension contained in the inserts
and the supernatants containing UBSS were collected
by each well and pooled separately. Monolayers with
adhering spermatozoa were extensively washed to
remove remaining UBSS, retained in 0.5 ml IVF-TALP
and then 50-100 pg heparin mI~" was added to induce
the release of BSS (Talevi and Gualtieri, 2001). After
30 min of incubation at 38.5°C, 5% CQO; in air, the
whole medium was collected from wells and pooled.
The control, UBSS and released BSS received the same
dose of heparin at the same time.

Fertilization competence of selected sperm
subpopulations

For fertilization, the control sperm suspension, as well
as UBSS and released BSS, were used to inseminate
groups of 50 COCs matured in vitro at 1 x 10® motile
spermatozoa per well, in 500 wl IVF-TALP containing
10 pg heparin ml=! and a mixture of penicillamine,
hypotaurine and adrenalin (PHE-mix; Parrish et al., 1988)
atfinal concentrations of 20, 10 and 1 wmol, respectively.
After 18-20 h of co-incubation at 38.5°C, 5% CO in air,
COCs were transferred in Hepes-TALP and vortexed to
remove cumulus cells. Oocytes were collected, washed
in SOFaa-BSA (Gardner et al., 1994) and incubated in
groups of 30 in 50 pl drops of the same medium under
pre-equilibrated light paraffin oil at 38.5°C, 5% CO; in
air. Fertilization was scored by assessing cleavage at 72 h
after insemination.

Sperm-ZP binding ability

COCs retrieved from ovaries of slaughtered animals
through follicle aspiration were denuded by vortexing
in Hepes-TALP and stored at 4°C in hyperosmolar salt
solution (1.5 mol MgCl,, 0.1% polyvinylpyrrolidone
(PVP), 40 mmol Hepes, pH 7.4) until use. The sperm-
ZP binding assay was performed by removing denuded
oocytes from the salt storage solution. The denuded
oocytes were washed five times in IVF-TALP, placed in
groups of 10 in 100 .l drops of sperm suspension at T x
10° mI=" under light mineral oil at 38.5°C, 5% CO, in
air, and incubated overnight. Oocytes were inseminated
with initial sperm suspension, UBSS and released BSS
prepared from single ejaculates as described above. At
the end of the incubation, oocytes were rinsed five times
in IVF-TALP using fine bored glass pipettes to dislodge
loosely bound spermatozoa, fixed for Th at room
temperature in 2.5% glutaraldehyde in PBS, washed in
PBS, stained for 5min with 1 pg Hoechst 33342 ml~',
and washed and mounted on glass slides. Oocytes were
compressed under the coverslips to visualize all bound
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Fig. 1. (a) Effect of bovine sperm concentration on the number
of spermatozoa bound to oviductal monolayers at 1h of co-
incubation. Mean + SD bound spermatozoa per well; 0.1 versus
0.5, P < 0.05; 0.5 versus 1.0, P > 0.05; all other pairwise com-
parisons P < 0.001; n = 6. (b) Ability of reinseminated unbound
sperm subpopulation to bind oviductal monolayers after 1 h of coin-
cubation. Mean + SD bound spermatozoa per well; P < 0.001; 0.3
versus 0.5, P > 0.05;n= 6. Bars labelled with different letters
indicate significant differences between the treatments (P < 0.05).
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Fig. 2. Cleavage rates at 72h after insemination of bovine

cumulus—oocyte complexes fertilized with control spermatozoa,
unbound sperm subpopulation (UBSS) and bound sperm subpop-
ulation (BSS). BSS versus control, P < 0.05; BSS versus UBSS,
P < 0.01; control versus UBSS, P > 0.05; n=4. Bars labelled
with different letters indicate significant differences between the
treatments (P < 0.05).

spermatozoa in a single focus plane and images were
acquired using a Zeiss Axioplan microscope equipped
with fluorescence optics, by means of an Optronix
camera and KS 300 software (Zeiss).

Statistical analysis

Data were analysed by one-way ANOVA (Systat 9;
SPSS Inc.) followed by pair-wise comparison of means
with Tukey’s honestly significant difference. Data of fer-
tilization competence were subjected to arc sin trans-
formation before statistical analysis.

Results

Quantitative analysis of sperm subpopulation selected
by adhesion

Spermatozoa collected and labelled by Hoechst stain-
ing and centrifugation on Percoll layers were inseminated
on parallel monolayers at increasing sperm concen-
trations to determine the number of spermatozoa selected
by adhesion to oviductal monolayers within 1h of co-
incubation. Quantitative analysis showed that after 1h
of co-incubation, 20-30% of inseminated spermatozoa
were able to adhere to oviductal monolayers (Fig. 1a;
motile spermatozoa inseminated x 10°: 0.1 versus 0.5,
P < 0.05; 0.5 versus 1, P > 0.05; all other pairwise
comparisons P < 0.001; n = 6). The remaining unbound
spermatozoa comprising 70-75% of the initial sperm
suspension were reinseminated on parallel monolayers
and allowed to interact for 1h. Collected data showed
that a small percentage (5-7%) of this sperm population,
which was unable to adhere to oviductal monolayers
during the first hour of co-incubation, developed this
ability during a second hour of co-culture (Fig. 1b; P <
0.001; 0.3 versus 0.5, P > 0.05; n = 6).

Fertilization competence of sperm subpopulations

In vitro fertilization experiments were designed to
investigate the fertilization competence of the single
ejaculates and of subpopulations able or unable to
adhere to bovine oviductal monolayers in vitro. Mono-
layers with adhering spermatozoa were treated with 50—
100 pg heparin ml=" for 30 min to induce sperm release
after collection of UBSS. As a control, the initial sperm
suspension was co-cultured avoiding contact with the
oviductal monolayers by means of cell culture inserts.
The three sperm suspensions were used to inseminate
groups of 50 COCs matured in vivo. Fertilization
competence was expressed as the percentage of cleaved
embryos at 72 h after insemination. Data indicate that the
sperm subpopulation selected by 1 h of in vitro adhesion
to oviductal monolayers had a superior fertilization
ability (mean & SEM: 89 + 4%) compared with the sperm
subpopulation unable to adhere (58 £ 3%) as well as the
initial sperm suspension from which UBSS and BSS were
recovered (69 + 3%) (Fig. 2; BSS versus control, P <
0.05; BSS versus UBSS, P < 0.01; control versus UBSS,
P> 0.05; n=4).
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Fig. 3. Bovine sperm-zona pellucida-binding ability of control spermatozoa, unbound sperm subpopulation
(UBSS) and bound sperm subpopulation (BSS). (a) Mean £ SD bound spermatozoa per oocyte zona
pellucida; control versus UBSS, P > 0.05; all other pairwise comparisons P < 0.001; n = 4. (b) Fluorescence
micrographs of salt-stored oocytes inseminated with control spermatozoa, UBSS and BSS. Scale bar
represents 50 wm. Bars labelled with different letters indicate significant differences between the treatments
(P < 0.05).

Sperm—ZP binding ability

The experiment was designed to investigate whether
the initial sperm population and the two sperm sub-
populations differed in their ability to bind the ZP of
salt-stored oocytes. Results (control versus UBSS, P >
0.05; all other pairwise comparisons P < 0.001; n = 4)
demonstrate that BSS (mean 4+ SD; 117 £ 27 bound
spermatozoa per oocyte) has a superior binding ability
compared with both UBSS (30 £ 8) and the initial sperm
population (42 + 9) (Fig. 3).

Discussion

The recent finding that sulphated glycoconjugates allow
the synchronous release of spermatozoa bound to the
bovine Fallopian tube in vitro (Talevi and Gualtieri,
2001) has provided the opportunity to investigate the
fertilization competence of spermatozoa selected by
adhesion to the oviductal epithelium. The main findings
of the present study show that the sperm subpopulation
able to adhere to Fallopian tube epithelium cultured
in vitro has a higher fertilization competence compared
with both the subpopulation unable to adhere and the
initial ejaculate. These results demonstrate, for the first
time in any species examined so far, that adhesion to

oviduct epithelial cells is not only beneficial for pro-
longing the fertile lifespan of spermatozoa (Pollard et al.,
1991), but also allows the selection of a pre-existing
sperm subpopulation endowed with a higher fertilization
or cleavage competence. These results highlight the
selective function played by sperm-oviduct adhesion
in the fertilization process. In fact, although several
studies have shown that adhesion to the oviduct allows
the selection of spermatozoa characterized by intact
acrosomes (Gualtieri and Talevi, 2000), an uncapacitated
status (Thomas et al., 1995; Lefebvre and Suarez 1996;
Fazeli etal., 1999), low internal free calcium content and
reduced tyrosine phosphorylation of membrane proteins
(Petrunkina et al., 2001), superior morphology (Thomas
et al., 1994), and normal chromatin structure (Ellington
et al., 1999), until now it was impossible to determine
whether these features of spermatozoa are associated
with higher fertilization competence. Overall, the results
of the present study indicate that the oviduct may have a
dual role: to first select and then store particular sperm
subpopulations.

In the present study, a subpopulation accounting for
30% of frozen-thawed Percoll recovered spermatozoa
adhered to oviductal monolayers after 1h of co-
incubation. Therefore, 70% of spermatozoa comprising
the initial ejaculate were unable to adhere during this
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co-incubation time, indicating the presence of marked
differences in the exposure of adhesion molecules of
the sperm surface involved in the interaction with the
oviduct. These differences may be attributable to the
gradual acquisition of capacitation achieved by indi-
vidual spermatozoa comprising the ejaculate. It has
been suggested that rapid capacitation sperm-surface
changes result in the induction of release operated by
bull sperm capacitating agents (Talevi and Gualtieri,
2001). Capacitation markedly affects the ability of
spermatozoa to bind oviductal epithelial cells in a
number of species examined (Thomas et al., 1995;
Lefebvre and Suarez 1996; Fazeli et al., 1999). The role
played by capacitation in the ability of spermatozoa
to bind the oviductal epithelium is confirmed by data
from reinsemination experiments. In the present study,
a 5-7% fraction of UBSS unable to bind oviductal
monolayers at 1 h developed this ability during a further
hour of co-culture, indicating that initially uncapacitated
spermatozoa may undergo surface changes allowing
sperm-oviduct adhesion. In this context, the unbound
subpopulation may be highly heterogeneous, comprising
both spermatozoa the surfaces of which are still coated by
seminal plasma factors masking the molecules involved
in oviduct adhesion, and capacitated spermatozoa that
have lost the ability to bind to the oviduct. Although
the capacitation status of the sperm subpopulations
has not been characterized in the present study, it
is possible that the ejaculate contains at least three
different subpopulations: the first comprises spermatozoa
still uncapacitated and unable to bind the oviductal
epithelium; the second, able to bind, composed of
spermatozoa that have already undergone the early steps
of capacitation; and the third, unable to bind, in an
advanced capacitation status. This would indicate that
in the present study, oviduct adhesion selected most of
the second subpopulation composed of early capacitated
spermatozoa characterized by a superior fertilization
competence compared with UBSS, mostly consisting of
spermatozoa in an advanced capacitation state but also
of a small fraction of uncapacitated spermatozoa.

The oviductal microenvironment exerts several posi-
tive effects on bovine gametes and embryos: (1) adhesion
to the oviduct prolongs the fertile life of spermatozoa
(Pollard et al., 1991); (2) oviductal fluid (Grippo et al.,
1995) and media conditioned by oviduct epithelial
cells (Chian and Sirard, 1995) improve the ability of
spermatozoa to penetrate the oocyte; (3) a bovine
oviductal specific glycoprotein, which is conserved in
several mammals, increases the fertilization rate by
an oocyte-specific effect (Verhage et al., 1997; Martus
et al., 1998); and (4) embryo development is promoted
by co-culture with oviductal cells (Eyestone and First,
1989; Ellington et al., 1990; Mermillod et al., 1993).
However, until now the lack of a method to recover
the spermatozoa adhering to the oviductal epithelium
limited the analysis of the role played by the oviduct in

sperm selection. In the present study, spermatozoa were
exposed to oviductal monolayers for only 1h, a period
sufficient to split the initial sperm suspension into two
subpopulations, UBSS and BSS, whereas fertilization and
embryo development were carried out in the absence
of cultured cells. Moreover, to rule out the possible
positive effects of secreted factors, oviduct monolayers
were extensively washed with fresh medium before the
addition of spermatozoa, and the control, that is the
initial sperm suspension, was also co-cultured in inserts
that avoided direct contact with the oviductal mono-
layers. Although there is a possibility that the enhanced
fertilization competence of BSS also depends on the
short period of adhesion with the oviductal monolayers,
in the present study no declines were registered in
the percentage of sperm motility and viability during
the 1h co-culture period either in control spermatozoa
cultured in inserts or in UBSS compared with the initial
sperm suspension (data not shown). Overall, such data
demonstrate that a sperm subpopulation endowed with a
superior fertilization or cleavage competence pre-exists
within an ejaculate and can be selected by in vitro
adhesion to oviductal monolayers.

The specific advantage of BSS in terms of fertilization
or cleavage supporting ability may be interpreted in
the results of the present study, which show that BSS
has a ZP-binding competence that is about threefold
compared with that of the control sperm suspension and
even more compared with UBSS. Therefore, the superior
fertilization competence of selected spermatozoa may
be attributable to a higher capability to bind the ZP.
However, the different competencies of the three sperm
preparations in terms of ZP binding could indicate that
this adhesion event acts as a further selection checkpoint
for spermatozoa. Indeed, although BSS has a superior
ZP-binding competence, the specific advantages of such
a sperm subpopulation remain to be determined. As
fertilization in the present study was scored as embryo
cleavage at 72 h after insemination, it is possible that
either fertilization per se or embryo development, or
even both are better supported by BSS. Studies in different
species indicating that oviduct adhesion is capable of
selecting superior spermatozoa may support all these
hypotheses but do not help to distinguish which of
them is correct. Finally, as adhesion to the oviduct
selects spermatozoa with normal chromatin structure
(Ellington et al., 1999) and DNA fragmentation of human
spermatozoa is negatively correlated with fertilization
outcome (Sun et al., 1997; Lopes et al., 1998; Evenson
et al.,, 1999), it is possible that BSS better supports
fertilization and embryo development independently by
its oocyte-penetration ability.

As human spermatozoa have been shown to bind both
human and bovine Fallopian tube epithelium and to be
selected by such an adhesion (Ellington et al., 1998a,b,
1999), future research on adhesion molecules involved
in this cell interaction using the bovine model may have
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a profound impact both on the understanding of basic
mechanisms involved in early reproductive events and
in the development of more physiological methods for
sperm selection in reproductive biotechnologies.

This study was supported by a PRIN grant from MIUR.
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