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BACKGROUND: Within the female genital tract, spermatozoa undergo a series of membranous and intracellular
transformations to become competent at fertilizing the oocyte. In the bovine, previous studies have shown that two
oviductal proteins, heat shock protein 60 (Hsp60) and glucose regulated protein 78 (Grp78), bind to spermatozoa
and may be involved in this acquisition of fertilizing competence. METHODS: Immunohistochemical studies were
performed on human endometrial and oviduct tissues to localize these two chaperones in the female genital tract.
Human spermatozoa were incubated under capacitating conditions in the presence or absence of recombinant
Hsp60 or Grp78. Following a 4-h incubation, the effects of these proteins were evaluated on sperm acrosomal integrity,
motility, protein phosphotyrosine content and free intracellular calcium concentrations. RESULTS: Both chaperones
were present in the uterus and oviduct epithelial cells and were shown to bind to human spermatozoa. Incubation with
either exogenous Hsp60 or Grp78 did not affect sperm viability, motility or acrosomal integrity. Hsp60 partially
prevented the increase in p81 phosphotyrosine content induced by the phosphodiesterase inhibitor 3-isobutyl-1-
methylxanthine and both chaperones significantly increased the sperm intracellular calcium concentration. Moreover,
the progesterone-induced increase in intracellular calcium was higher when sperm were pre-treated with either Hsp60
or Grp78. CONCLUSIONS: Our study suggests that these two proteins may affect human sperm intracellular signal-
ling pathways and capacitation.
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Introduction motility and delays capacitation (Murray and Smith,

1997). Furthermore, a recent study suggested that oviductal
secretions contribute to maintain sperm motility and viability,
and prevent premature response to acrosome reaction inducers

Freshly ejaculated mammalian sperm must undergo a series
of intracellular and membranous biochemical changes, col-
lectively called capacitation, in order to fertilize the oocyte

(Yanagimachi, 1994). These physiological modifications
include increases in intracellular calcium concentration, pH,
cAMP, protein tyrosine phosphorylation and membrane fluid-
ity. In mammals, capacitation takes place in the female where
sperm interact with the secretions and somatic cells located
throughout the female genital tract before meeting the oocyte.

In recent years, studies on the effects of these interactions
between human spermatozoa and oviduct epithelial cells
(OEC), as well as their secretions, have been conducted with
divergent results. Positive effects of OEC on sperm motility
are generally observed, but there is much discrepancy con-
cerning their effect observed on capacitation-associated
changes. It has been reported that co-culture of human
spermatozoa with OEC apical membranes enhances sperm

(Quintero et al., 2005). On the other hand, incubation of sper-
matozoa with OEC has been shown to enhance sperm motility
and hyperactivation and induce capacitation (Barratt and
Cooke, 1991; Kervancioglu et al., 1994,2000; Yeung et al.,
1994). Studies in many species have demonstrated that mam-
malian spermatozoa interact with and attach to OEC during
their transit along the female reproductive tract (Ellington
et al., 1993,1999a,b; Gualtieri et al., 2005). Moreover, not
only do they bind to OEC, but this binding occurs selectively
for higher-quality spermatozoa (Ellington et al., 1999a). It has
been suggested that the binding of spermatozoa to epithelium
is due to interactions between cell-adhesion molecules on the
cell surfaces of both spermatozoa and OEC that lead to the
formation of a sperm reservoir in many mammalian species
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(Suarez, 2002). The presence of a sperm reservoir in human is
not as clearly established as in other mammalian species even
though some evidence support this hypothesis (Baillie e al.,
1997).

Atthe present time, few specific molecules which are secreted
by or expressed at the surface of endometrial and/or oviductal
epithelial cells have been shown to affect sperm signalling
pathways generally associated with in vitro sperm capacitation.
A recent study confirmed that human endometrial cell secretions
induce sperm capacitation and clearly demonstrated that
interleukin-6 (IL-6), which is among the factors secreted by
these cells, induces capacitation by increasing tyrosine phos-
phorylation and the Ca**-ionophore-induced acrosome reaction
rate (Laflamme et al., 2005). Our group has identified two pro-
teins present in the apical membrane of OEC, heat shock protein
60 (Hsp60) and glucose regulated protein 78 (Grp78), also
known as BiP (immunoglobulin binding protein), that associate
tightly with bull spermatozoa when incubated with OEC apical
plasma membrane preparations (Boilard et al., 2004). Prelimi-
nary studies suggested that incubation of cryopreserved
bovine sperm with the commercial recombinant proteins
Hsp60 or Grp78 improves their viability, motility and acrosome
integrity (M. Boilard, unpublished data). As the previous obser-
vations demonstrated the ability of non-homologous human
Hsp60 and hamster Grp78 gene products to sustain bovine
sperm parameters, a similar activity could exist in human as
well. This is emphasized by the fact that the amino acid
sequences of molecular chaperone proteins are highly conserved
between species. This hypothesis is also supported by the posi-
tive effects of bovine OEC on human sperm function. These
cells were observed to be as effective as cultured human and
macaque OEC during in vitro co-culture (Ellington et al., 1998).

In humans, it has been demonstrated that the RNA encoding
for Hsp60 is specifically expressed in the endometrium
throughout the menstrual cycle (Tabibzadeh et al., 1996),
whereas no information on Hsp60 protein expression is found
in the literature. In addition, there are no data on the expression
of Grp78 in the human female reproductive tract, and the cel-
lular localization of both Hsp60 and Grp78 proteins in the Fal-
lopian tubes remains undefined. Therefore, it was imperative to
determine whether these proteins are expressed by the epi-
thelial cells lining the endometrium and oviducts with a cellu-
lar localization that would allow interaction with the sperm
surface. Another objective of the present study was to deter-
mine the individual effect of these two molecular chaperones
on human sperm functions and to investigate whether they
modulate the acquisition of fertilizing ability of human
spermatozoa.

Materials and Methods

All experiments were conducted with approval from the ethics com-
mittee for research on human subjects from Laval University and
the Laval University Medical Center (CHUL).

Immunohistochemistry on human uterus and oviduct tissues
Uterine and oviductal tissues were obtained from the CHUL’s Pathol-
ogy Department without any information on the hormonal status or
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medical history of the patients. Tissues were fixed in 10% formal-
dehyde commercial solution (ACP, Montréal, QC, Canada) and
included in paraffin by the technicians from the Pathology Depart-
ment. Five paraffin-embedded tissues from human uterus and
oviduct were cut into 6 pm sections. Sections were then deparaffi-
nized in toluene and rehydrated in decreasing alcohol concentration
solutions. To limit non-specific antibody interactions, sections were
treated with 300 mM glycine and were next incubated in 3% hydrogen
peroxide in methanol to quench endogenous peroxydase activity.
Antigens were revealed by incubating sections in 10 mM boiling
sodium citrate solution at pH 6. Sections were brought back to room
temperature and blocked with phosphate-buffered saline (PBS)
(1.5 mM KH,POy, 8.1 mM Na,HPO,, 137 mM NaCl, 2.7 mM KClI,
pH 7.4) containing 1% of bovine serum albumin (PBS/BSA 1%)
for 1h. Then, sections were incubated with anti-Hsp60 (Stressgen
Biotechnologies, Victoria, BC, Canada) or anti-Grp78 (BD
Biosciences-Pharmingen, San Diego, CA, USA) mouse monoclonal
antibodies diluted to 10 and 5 pg/ml, respectively, in PBS/BSA 1%
for 2h at 37°C, washed five times in PBS-Tween 20 0.05% for
5 min and incubated for 30 min at room temperature with a biotiny-
lated secondary antibody in combination with the avidin-biotin-
peroxidase method (ABC vectastain Kit; Vector Laboratories,
Burlingame, CA, USA) using 3,3’- diaminobenzidine (Sigma,
St-Louis, MO, USA) as chromagen. Sections were counterstained
with haematoxylin and mounted in water-based medium containing
glycerol and Mowiol (Calbiochem, EMD Biosciences Inc., LaJolla,
CA, USA) as preservative.

Slides were observed with a Zeiss Axioskop2 plus microscope
(Toronto, ON, Canada) linked to a digital camera and images were
acquired using Spot software (Diagnostics Instruments).

Semen preparation and sperm incubation

Semen samples were obtained by masturbation from healthy volun-
teers after a minimum of 2 days of sexual abstinence. After liquefac-
tion, the semen was layered on the top of a gradient composed of 2 ml
fractions each of 20, 40 and 65% and 0.1 ml of 95% percoll and cen-
trifuged (1000g, 30 min) to isolate spermatozoa from the seminal
plasma. Percoll was made isotonic in HEPES-buffered saline (HBS;
25 mM HEPES, 130 mM NaCl, 4 mM KCl, 0.5 mM MgCl,, 14 mM
fructose, pH 7.6). Sperm cells at the 65-95% interface and within
the 95% percoll fraction, which represent the highly motile popu-
lation, were pooled and their concentration was determined by hema-
tocytometer count. Sperm were incubated at 20 x 10° cells /ml for 4 h
at 37°C (5% CO, and 100% humidity atmosphere) in modified
Biggers—Whitten—Whittingham medium (BWW; 10 mM HEPES,
94.6 mM NaCl, 4.8 mM KCI, 1.7mM CaCl,, 1.2 mM KH,PO,,
1.2mM MgSO,, 25.1 mM NaHCOj;, 5.6 mM p-glucose, 21.6 mM
Na lactate, 0.25 mM Na pyruvate, 0.1 mg/ml phenol red, pH 7.4
and supplemented with 3 mg/ml fatty acid free BSA) (Biggers
et al., 1971), to which 10 ng/ml commercial recombinant Hsp60 or
Grp78 (Stressgen Biotechnologies) were added as required. In some
experiments, spermatozoa were incubated with the general non-
specific phosphodiesterase inhibitor 3-isobutyl-1-methylxanthine
(IBMX; 500 wM) or with its solvent, dimethylsulfoxide (DMSO).

Biotinylation and binding of recombinant Hsp60 and

Grp78 proteins to spermatozoa

Protein biotinylation of commercial recombinant Hsp60 and Grp78
was performed with a commercial biotinylation kit Sulfo-NHS-
LC-biotin [sulfosuccinimidyl-6-(biotin-amido) Hexanoate] (Pierce
Biotechnology Inc., Rockford, IL, USA). Recombinant Hsp60 and
Grp78 in PBS from the biotinylation kit (100 mM Na,HPOy,,
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150 mM NacCl, pH 7.2) were incubated for 30 min at room tempera-
ture with sulfo-NHS-LC-biotin solution according to the manufac-
turer’s instructions. Following incubation, unlinked biotin was
removed and protein recovery was achieved by using a 10 kDa
cut-off microcon Centrifugal Filter Unit (Millipore, Mississauga,
ON, Canada). For the binding assays, sperm were incubated 1 h at
37°C in BWW supplemented with 100 ng/ml of biotinylated Hsp60
or Grp78 recombinant proteins. As controls, samples were incubated
in BWW alone or in BWW containing a 10-fold excess of the appro-
priate non-biotinylated protein. Following incubation, a 10-fold
volume of HBS was added and sperm were washed twice by centrifu-
gation (500g, 5 min) to remove excess biotinylated proteins that did
not interacted with the cells. Sperm proteins were then solubilized
in electrophoresis sample buffer [2% sodium dodecyl sulphate
(SDS), 10% glycerol, 50 mM dithiothreitol, 62.5 mM Tris—HCI, pH
6.8] and denatured at 100°C for 5 min. Sperm proteins were resolved
by SDS-PAGE (Laemmli, 1970) and transferred onto nitrocellulose
membrane (Towbin et al., 1979). Non-specific binding sites on the
membrane were blocked with 5% (w/v) skim milk in Tris-buffered
saline containing Tween 20 (TBS-T: 150 mM NaCl, 20 mM Tris—
HCI, 0.1% Tween 20, pH 7.4). The presence of biotinylated proteins
on the membrane was detected using streptavidin conjugated to horse-
radish peroxidase (streptavidin-HRP; Jackson ImmunoResearch,
WestGrove, PA, USA) for 1h at room temperature. After five
washes in TBS-T, positive bands were detected using an enhanced
chemiluminescence kit (ECL; GE Healthcare Bio-Sciences Inc.,
Baie d’Urfé, QC, Canada) according to the manufacturer’s instruc-
tions. As an alternative to biotinylated Grp78, a recombinant bovine
Grp78 protein containing a N-terminal histidine tag was produced in
our laboratory using the pET-16b prokaryote expression vector
(Novagen Inc., Madison, WI, USA). Detection of the His-tagged
Grp78 bound to sperm was done using a monoclonal anti-His tag anti-
body (Amersham Biosciences, Buckinghamshire, UK) and revealed
with a goat anti-mouse secondary antibody conjugated to HRP
(GAM-HRP; Jackson ImmunoResearch).

Acrosome reaction assays

At the end of incubation, sperm samples were divided into two ali-
quots; both were washed with 1 ml PBS, centrifuged (500g, 5 min)
and resuspended in BWW. Calcium ionophore A23 187 (Sigma)
was added (10 wM final) to one of the two aliquots to induce the acro-
some reaction while the other served as a control for spontaneous acro-
some reactions. Both tubes were incubated for 1 h (37°C, 5% CO,,
100% humidity), after which spermatozoa were washed with PBS,
centrifuged (500g, 5 min), resuspended in PBS, smeared on slides, air-
dried and fixed-permeabilized in absolute methanol for 30 min at
—20°C. The acrosomal status was next evaluated according to the flu-
orescent pattern observed upon binding to the Pisum sativum aggluti-
nin conjugated to fluorescein isothiocyanate (Sigma) (Cross et al.,
1986). Coverslips were mounted on slides with 90% glycerol contain-
ing 1.5% (w/v) 1,4-diazobicyclo-(2,2,2)-octane as an anti-bleaching
agent and observed under UV illumination. A minimum of 200 cells
were scored for each treatment.

Evaluation of sperm motility parameters

The effects of recombinant Hsp60 or Grp78 proteins on sperm motility
were assessed using a Computer-Assisted Semen Analyzer (CEROS
version 12; Hamilton-Thorn Research Inc., Beverly, MA, USA).
Human spermatozoa were prepared and incubated for 4 h (37°C, 5%
CO,, 100% humidity). All motility parameters were evaluated for a
minimum of 500 spermatozoa per condition using 20 wm Microcell
slides with the current setting: frame rate = 60 Hz, number of
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frames acquired = 30, minimum cell size =3 pixels (setting par-
ameters were based on CEROS technical guide version 12).

Evaluation of protein tyrosine phosphorylation

At the end of the 4-h incubation, spermatozoa were washed with 1 ml
PBS and centrifuged (500g, 5 min). Sperm proteins were solubilized
in sample buffer, processed for electrophoresis and transferred onto
nitrocellulose membrane as described earlier. Non-specific sites on
the membrane were blocked with 5% (w/v) skimmed milk in
TBS-T. The membrane was next incubated with a monoclonal anti-
phosphotyrosine antibody (clone 4G10; Upstate Biotechnology Inc.,
Lake Placid, NY, USA) for 1h at room temperature. Following
several washes, the membrane was incubated with a GAM-HRP for
1 h. After five washes in TBS-T, positive immunoreactive bands
were detected using the ECL kit according to the manufacturer’s
instructions.

To ensure that equal amount of proteins were loaded in each well of
the gel, the same membrane was reprobed with a monoclonal
anti-a-tubulin antibody (Sigma) using the same procedure. The inten-
sity of the reactive bands was analysed by densitometric scanning and
the ratios of phosphotyrosine/a-tubulin calculated.

Evaluation of intracellular free calcium concentration
Percoll-washed spermatozoa were diluted to 25 x 10° cells/ml in a
calcium-free BWW medium containing 2.5 uM of INDO-1 acetoxy-
methylester (INDO-1 AM; Molecular Probes, Eugene, OR, USA) and
0.00625% (w/v) Pluronic F-127. Following 30 min incubation in the
dark at room temperature, sperm were washed with 10 ml calcium-free
BWW and centrifuged (500g, 10 min) to remove any unincorporated
Ca®* probe. Under these conditions, intracellular compartmentalization
of the Ca** probe, INDO-1 AM, was limited (Dorval et al., 2002).
Sperm were then resuspended in complete BWW medium, with or
without 10 ng/ml of recombinant protein Hsp60 or Grp78, to a concen-
tration of 50 x 10° cells/ml. Just before flow cytometry analyses,
sperm suspensions were diluted in pre-equilibrated BWW containing
propidium iodide (PI; 1.5 pg/ml) to a concentration of 1 x 10° cells/
ml. Two aliquots were prepared for each sample; the basal Ca>* level
was assessed for 1 min, at the end of which progesterone (10 pM
final) was added to the first aliquot and the Ca>" levels were evaluated
for the following 4 min. Thapsigargin (5 wM final) was added to the
second tube and the intracellular Ca®" levels were evaluated identically.
Fluorescence measurements were performed using an Epics Elite ESP
flow cytometer (Beckman Coulter, Miami, FL, USA) at the beginning
and after 4 h incubation at 37°C. A minimum of 10 000 sperm were ana-
lysed for each treatment.

The flow cytometer measured the Ca®" level by standardizing the
blue emission value and then calculating the violet relative emission
(VRE) for each individual sperm. Analysis of the flow cytometry
results were performed using the shareware WinMDI 2.8 (http: //facs.
scripps.edu). The violet (Ca”—bound)/blue (Ca®*-unbound) INDO-1
emission ratios were plotted versus time. First, the agglutinated sperm
population and cellular debris were excluded from the analysis by
using the size scatter. Damaged or dead cells that had incorporated PI
were excluded. The last gating served to exclude the sperm population
consisting of [Ca**];-overwhelmed sperm. Therefore, the [Ca®*T; level
was evaluated only for a limited sperm population that excluded agglu-
tinated, damaged and [Ca®'];-overwhelmed sperm as previously
described (Boilard et al., 2002).

Statistical analysis
The data were expressed as mean + SEM for acrosome reaction, moti-
lity parameters, tyrosine phosphorylation and calcium analyses.
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Differences among treatments were analysed by Tukey’s tests after
ANOVA with repeated measures.

Results

Localization of Hsp60 and Grp78 in the female
reproductive tract

Immunochemistry studies demonstrated that Hsp60 and Grp78
proteins are expressed in human uterus and Fallopian tube. In
the endometrium, glandular and luminal epithelial cells dis-
played a stronger expression of Grp78 compared with Hsp60
(Fig. 1). Unlike Hsp60, Grp78 was expressed in stromal cells
as well as in epithelial cells. These two chaperones were also
expressed by Fallopian tube cells (Fig. 2). Grp78 was abun-
dantly present in all epithelial cells and showed a cytoplasmic

Glandular

Luminal

Figure 1: Immunohistochemical localization of Hsp60 (A—-C) and
Grp78 (D-F) proteins (brownish precipitate) in human endometrium
Negative controls were obtained using commercial mouse IgG (mIgG;
G-I) instead of monoclonal antibody

Ampulla Isthmus

100x

Figure 2: Immunohistochemical localization of Hsp60 (A—C) and
Grp78 (D-F) proteins (brownish precipitate) in human Fallopian
tube ampulla and isthmus sections

Negative controls were obtained using commercial mIgG (G-I)
instead of monoclonal antibody. Arrows indicate emergent vesicles
and arrowheads indicate shed nuclei positively stained for Grp78
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localization on the basal and apical sides of epithelial ciliated
and non-ciliated cells. Moreover, Grp78 was detected in shed
nuclei and emergent vesicles coming from oviduct epithelial
non-ciliated cells (Fig. 2F). As in the uterus, Grp78 was
expressed by oviduct stromal cells. On the other hand, Hsp60
expression was restricted to OEC. Curiously, these cells were
not uniformly labelled but rather displayed an alternation
between labelled and unlabelled groups of cells of varying
size. The expression pattern of either Hsp60 or Grp78
was similar in both the isthmus and ampulla sections of the
Fallopian tubes.

Binding of recombinant Hsp60 and Grp78 to

human spermatozoa

The next step in our study was to determine whether recombi-
nant Hsp60 or Grp78 bind to spermatozoa. Following sperm
incubation with biotinylated Hsp60 and subsequent washes, a
specific reactive band corresponding to biotinylated Hsp60
protein was detected in sperm protein extracts (Fig. 3A),
suggesting that Hsp60 binds to the sperm surface. The speci-
ficity of this binding was strongly supported by the reduction
in the band intensity when a 10-fold excess of non-biotinylated
Hsp60 was added to the incubation medium. The specificity of
the binding was also improved by removing BSA from the
incubation medium (Fig. 3A). Using the same procedure, no
conclusion could be made about sperm cell interaction with
exogenous Grp78, as no specific band was observed using bio-
tinylated Grp78 (Fig. 3A). As this could be due to a weak effi-
ciency of the protein biotinylation procedure and therefore, a
lower sensitivity of the assay, a His-tagged recombinant
Grp78 protein was produced. Upon sperm incubation with
this His-tagged protein, a reactive band corresponding to His-
tagged Grp78 was detected using a monoclonal anti-His tag
antibody (Fig. 3B). As with Hsp60, the specificity of this
binding was supported by the reduction of the band intensity
when a 10-fold excess of commercial Grp78 was added to
the incubation medium (Fig. 3B), suggesting that Grp78
binds to the sperm surface.

Effect of Hsp60 and Grp78 on sperm acrosomal integrity
and motility

The influence of Hsp60 and Grp78 on human sperm capacita-
tion was evaluated indirectly using the ratio of spontaneous and
A23 187-induced acrosome reactions. After 4 h incubation, the
percentage of spontaneous acrosome reactions remained
unchanged in the presence of either Hsp60 or Grp78 (5.7 +
0.8 versus 5.2 + 0.9 or 5.7 £ 1.1, respectively; n = 9). When
the Ca*" ionophore A23 187 was added to sperm following
the 4 h incubation, a significant increase in the percentages of
acrosome reaction was observed, but this effect was not
affected by the presence of Hsp60 or Grp78 in the incubation
medium (13.0 £ 2.0 versus 12.5 + 2.3 or 12.5 + 1.5, respect-
ively; n=15). In another set of experiments, the chaperones
did not affect the spontaneous or ionophore-induced percen-
tage of acrosome reactions in spermatozoa incubated for 4 h
in the presence of the general phosphodiesterase inhibitor
IBMX (data not shown).
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Figure 3: Binding of exogenous Hsp60 and Grp78 to human sperm
(A) In the left panel, percoll-washed spermatozoa were incubated for
1 h at 37°C in BSA-containing BWW in the absence (lane 1) or pre-
sence of 100 ng/ml of biotinylated Hsp60 (lanes 2 and 3) or Grp78
(lane 4 and 5). A 10-fold excess of non-biotinylated Hsp60 or
Grp78 was added to one incubation tube (lanes 3 and 5, respectively).
In the right panel, sperm cells were incubated under the same con-
ditions as above in BWW supplemented or not with BSA (lanes 1
and 2 and lanes 3 and 4, respectively) in the absence (lanes 1 and 3)
or presence of 100 ng/ml of biotinylated Hsp60 (lanes 2 and 4). Pro-
teins extracted from 1 x 10° sperm cells were processed by
SDS-PAGE and transferred to nitrocellulose membranes. The pre-
sence of biotinylated proteins was revealed by streptavidin-HRP. Of
the three bands detected for biotinylated Hsp60, streptavidin bound
non-specifically to the highest band (detected in the absence of bioti-
nylated proteins) and to a reactive band at 66 kDa which was present
only when BSA was included in the incubation medium. (B) Sperm
cells were incubated in BSA-free BWW in the absence (lane 2) or pre-
sence (lanes 3 and 4) of 100 ng/ml of histidine-tagged recombinant
Grp78. A 10-fold excess of non-tagged Grp78 was added to one
tube (lane 4). His-tagged recombinant Grp78 protein (20 ng) is
shown as a positive control (lane 1). The reactive band at 83 kDa
observed in lane 3 and 4 correspond to the molecular weight of the
His-tagged recombinant protein. Molecular weight markers (kDa)
are indicated. (n = 4)

As with acrosomal integrity, neither Hsp60 nor Grp78
affected the percentages of motile sperm (55.1 + 5.3 versus
58.1 +5.0 or 58.0 £5.9, for control, Hsp60 and Grp78,
respectively; n = 4). Similarly, no effect of exogenous molecu-
lar chaperones was observed on the percentage of progressive
motility, curvilinear velocity and amplitude of lateral head dis-
placement. When the phosphodiesterase inhibitor IBMX was
added to the incubation medium, a significant increase (P <
0.05) in the percentage of motility was observed following
the 4h incubation (68.9 + 3.3 versus 55.1 +5.3; n=4).
However, this increase was not significant when either Hsp60
or Grp78 was present in the incubation medium (63.1 + 4.3
and 63.0 + 7.1 compared with 58.1 +5.0 and 58.0 +£5.9,
respectively). None of the other motility parameters such as
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beat cross frequency, the percentage of straightness and the
percentage of linearity were modified by the presence of
IBMX, Hsp60 or Grp78 (data not shown).

Effect of Hsp60 and Grp78 on sperm protein

tyrosine phosphorylation

As reported in previous studies, an increase in the phosphotyr-
osine content of p81 and pl105, the two major human sperm
phosphotyrosine-containing proteins, was observed following
incubation under capacitating conditions (Fig. 4A). These
two proteins were used as markers in the present study to deter-
mine the effect of Hsp60 and Grp78 on sperm protein tyrosine
phosphorylation. As commonly reported in the literature,
inclusion of the phosphodiesterase inhibitor IBMX in the incu-
bation medium provoked a significant increase in the phospho-
tyrosine content of p81 and pl05 (Fig. 4A). Therefore, the
effects of recombinant Hsp60 and Grp78 on the phosphotyro-
sine content of the p81 and p105 were investigated on sperm
incubated in the absence or presence of IBMX.

Different effects of recombinant Hsp60 and Grp78 on
protein tyrosine phosphorylation were observed whether or
not IBMX was present in the incubation medium. No signifi-
cant modification of the p8l and pl05 phosphotyrosine
content was observed when sperm were incubated in BWW
medium devoid of IBMX but supplemented with either

(A) kDa

116— ‘ p105
iy I!l!..

. p81
66— -
t=0 t=4h
IBMX - - * -+ +
Hsp60 - - + o+
Grp78 - - =
(B) BWW (©) IBMX
4 p81 p81 p105
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22 2
] ]
o« «
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0 0
Hspg0D -+ - - + - HspOD - + “  u + N
Grp78 - - + - . + Grp78 - & + - & +

Figure 4: Effect of Hsp60 and Grp78 on tyrosine phosphorylation of
sperm proteins

Percoll-washed spermatozoa were incubated 4 h at 37°C with 10 ng/
ml of either Hsp60 or Grp78 in BWW containing 500 uM IBMX or
DMSO as the solvent control for IBMX. Spermatozoa were washed;
proteins were solubilized, separated by SDS-PAGE and electrotrans-
fered on nitrocellulose membrane as described in ‘Materials and
Methods’. The membrane was probed first with anti-phosphotyrosine
antibody and then with anti-tubuline antibody to ensure that equal
amounts of sperm proteins were applied on the gel. (A) representative
anti-phosphotyrosine blot; (B) normalized signal of the phosphotyro-
sine content of p81 (open bars) and of pl05 (close bars) to the
a-tubulin content measured in each treatment by densitometric analy-
sis; (C) normalized signal for the phosphotyrosine content in presence
of IBMX in incubation media as described in B). *P < 0.05 versus
control incubation with IBMX (n = 3)
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Hsp60 or Grp78 (Fig. 4B). However, the phosphotyrosine
content of p8l and plO5 increased when the incubation
medium contained IBMX (Fig. 4A). The level of p81 phospho-
tyrosine content was significantly lower when Hsp60 was
present in the IBMX-supplemented medium (P < 0.05,
Fig. 4C). The p81 phosphotyrosine content was also lower
when Grp78 was present in the IBMX-containing medium,
but the difference was not significant. Neither Hsp60 nor
Grp78 significantly affected the increase in p105 tyrosine phos-
phorylation induced by IBMX.

Effect of hsp60 and grp78 on intracellular calcium

As expected, an increase in free cytosolic Ca®" concentration
was measured when sperm were incubated for 4h in the
BWW medium (P <0.001, Fig. 5). When recombinant
Hsp60 or Grp78 proteins (10 ng/ml) were added to the incu-
bation medium, a further increase in the VRE (Caz+-bound/
unbound INDO-1 probe) was measured (8.4 and 9.9%, for
Hsp60 and Grp78, respectively; P < 0.05).

At the end of the incubation, sperm were challenged with
thapsigargin as an indicator of the amount of Ca®" loaded in
intracellular stores. Thapsigargin induced a Ca”*" increase
that plateaued within 1 min (Fig. 6A). When sperm were incu-
bated with Grp78, the increase occurred in the same time-
dependent manner but the intracellular Ca®" levels measured
at the plateau were 9.3% higher (P = 0.05), while Hsp60 had
no effect (Fig. 6B). The effect of progesterone on sperm intra-
cellular Ca®>" concentration was similar to, what is generally
observed and reported in the literature (Fig. 6C): a rapid
(~30 s) and significant increase in intracellular Ca’* followed
by a constant decrease to reach a plateau above the basal level
(Blackmore er al., 1990). Violet/blue ratios measured at the
peak were used to compare sperm responsiveness to progester-
one. Both Hsp60 and Grp78 further elevated the intracellular
Ca”" levels reached by sperm upon progesterone treatment.
The cytosolic Ca®" levels at the peak were 6.9% higher
when sperm were incubated with Hsp60 and 8.9% higher
when sperm were incubated with Grp78 when compared with
the ratios obtained with sperm incubated under control con-
ditions (P < 0.05 and P < 0.01, respectively, Fig. 6D). As
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Figure 5: Effect of Hsp60 and Grp78 on intracellular cytosolic
calcium levels. INDO-1 AM loaded spermatozoa were incubated for
4 h at 37°C in the absence or presence of either Hsp60 or Grp78 or
solvent control (BWW), or left unincubated (T0). The evaluation of
VRE was performed by flow cytometry as described in the ‘Materials
and Methods’. The basal cytosolic Ca** concentration was measured
for 1 min. *P < 0.001 versus TO and *P < 0.05 versus BWW (n = 6)
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Figure 6: Effect of Hsp60 and Grp78 on thapsigargin- and
progesterone-induced increase in sperm intracellular Ca*™ concen-
tration

INDO-1 AM loaded spermatozoa were incubated for 4 h at 37°C in the
absence or presence of either Hsp60 or Grp78 or solvent control
(BWW). The evaluation of VRE was performed by flow cytometry
as described in the ‘Materials and Methods’. After a 1 min measure-
ment of the basal cytosolic Ca*™ concentration, (A) 5 wM thapsigargin
was added and the measurement was performed for a further 4 min.
The VRE measured at the plateau (boxed region) following thapsigar-
gin addition is shown in (B). After 1 min measurement of the basal
cytosolic Ca*" concentration, (C) 10 wm progesterone was added
and the measurement was performed for a further 4 min. The VRE
measured at the peak (circle region) following progesterone addition
is presented in (D). (A and C) are representative plots of VRE from
six independent experiences with six different sperm donors. *P <
0.05 versus BWW and **P < 0.01 versus BWW (n = 6)

stated in the ‘Materials and Methods’ section, measurements
of intracellular Ca*" concentration were done strictly on
sperm that did not incorporate PI.

Under the conditions used in this study, sperm viability,
evaluated by the PI incorporation during the intracellular
Ca’®" assessment, was maintained during the 4 h incubation
ranging from 94% at t=0 to 90-92% at t =4 h (data not
shown). Neither Hsp60 nor Grp78 had a significant effect on
sperm viability (data not shown).

Discussion

In the present study, we evaluated the effect of two recombi-
nant chaperone proteins, Hsp60 and Grp78, on human sperm
functions. These chaperone proteins did not significantly
affect some of the physiological changes of human sperm
cells related to capacitation such as motility and acrosome
integrity. On the other hand, recombinant Hsp60 and Grp78
modulated other notable sperm parameters, including the
appearance of a capacitation-associated phosphotyrosine con-
taining protein stimulated by IBMX and the intracellular cyto-
solic calcium levels. Therefore, the present study clearly
demonstrates that exogenous chaperone proteins can affect
human sperm physiology in the process of the acquisition of
fertilizing ability.
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In vivo, spermatozoa must interact with cervical mucus,
endometrial and oviductal epithelial cells before ultimately
reaching the oocyte (De Jonge, 2005). In order to mimic
natural conditions in vitro, sperm are incubated in the presence
of either whole endometrial or oviductal cells, or their
secretions (Barratt and Cooke, 1991; Quintero et al., 2005).
Nonetheless, few studies have investigated the effect of specific
molecules secreted or present on the surface of epithelial cells
from the female genital tract on sperm functions. In the
present study, it is shown that both Hsp60 and Grp78 are
present in the columnar epithelia of uterus and Fallopian tube
sections and are detected in the apical area of these cells. This
is in perfect agreement with the surface expression of Hsp60
and Grp78 in bovine and swine OEC plasma membrane
(Boilard et al., 2004; Sostaric et al., 2006) and supports poten-
tial interactions between these factors and human spermatozoa
during their transit within the female reproductive tract. In fact,
our data show that recombinant Hsp60 and Grp78 associate
with human spermatozoa, which is in agreement with the
exchange of Hsp60 and Grp78 observed between bovine OEC
apical membranes and bull sperm (Boilard ef al., 2004).

There are different hypotheses on the role of oviducts on
spermatozoa. On one hand, oviduct cells and secretions
confer to sperm or facilitate their acquisition of the ability to
interact with and fertilize the oocyte. On the other hand, cells
and secretions from the female genital tract reduce sperm
metabolism, prolong their viability and retard/prevent their
ability to interact with the oocyte. In fact, these two opposite
roles are present in the female reproductive tract but may
take place in different areas. One of the objectives of this
study was to determine the role of the two chaperone proteins,
Hsp60 and Grp78, according to the duality of the oviduct action
on sperm.

Sperm motility patterns change during capacitation with an
increase in hyperactivity. This new motility pattern is charac-
terized by an increase in sperm velocity and lateral head displa-
cement, in association with a decrease in displacement
linearity. In the present study, none of the two chaperones
investigated affected any of the motility parameters. Phospho-
diesterase inhibitors have been shown for many years to
promote or accelerate the onset of sperm capacitation and to
affect sperm motility. In this study, Hsp60 and Grp78 partially
antagonized the stimulatory effect of IBMX on the percentage
of sperm motility. Otherwise, no other sperm motility par-
ameters were influenced by Hsp60 or Grp78.

An increases in protein tyrosine phosphorylation is known to
be a key intracellular event associated with sperm capacitation
(Leclerc et al., 1996,1997,1998; de Lamirande et al., 1997,
Visconti et al., 2002). In the present study, p81 and pl05
were considered as good markers to evaluate the effect of
Hsp60 and Grp78 on human sperm protein tyrosine phos-
phorylation. The phosphotyrosine contents of p81 and pl05
were not affected when spermatozoa were incubated with
Hsp60 or Grp78 alone. When protein tyrosine phosphorylation
was activated by the phosphodiesterase inhibitor IBMX, Hsp60
partially, although significantly, prevented this effect. The
blocking effect of Grp78 was not as stringent as Hsp60.
These findings suggest that Hsp60 and Grp78 may counteract
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the cAMP signalling pathway although the specific target
remains to be identified. Inhibitors of ser/thr phosphatases
such Okadaic acid or calyculin A have been shown to
enhance the phosphotyrosine content of sperm p81 and p105
(Leclerc et al., 1996). Whether Hsp60 or Grp78, this latter
being known as an activator of the protein phosphatase PP1
(Chun et al., 1999), prevent IBMX-stimulated sperm tyrosine
phosphorylation through this mechanism remains to be
further investigated.

Ca”" influx is a key biochemical event that occurs during
capacitation and Ca®" is required for capacitation and induc-
tion of the acrosome reaction (Florman et al., 1992; DasGupta
et al., 1993). In the present study, free cytosolic Ca®* reached
higher levels when sperm were incubated in the presence of
recombinant chaperones. Thapsigargin causes an increase in
cytosolic Ca®" concentration through mobilization from intra-
cellular stores, which in turn promotes a Ca”" influx from the
extracellular medium (Meizel and Turner, 1993). Therefore,
the higher Ca®" levels measured when sperm were incubated
with Grp78 prior to the thapsigargin treatment may indicate
that more Ca”>" was accumulated within intracellular stores
or that the secondary influx, occurring after store depletion,
was facilitated. Similarly, higher Ca*" levels were measured
in response to progesterone when sperm were incubated with
either exogenous Grp78 or Hsp60. These results confirm
those obtained with thapsigargin. Our data, however, do not
allow discrimination between an involvement of these two cha-
perone proteins in the intracellular storage of Ca®", its mobil-
ization or the activation of a secondary Ca®" influx from the
external medium.

Extracellular functions of chaperone proteins have been
under intense investigation as a result of the increasing acces-
sibility of recombinant protein (Tsan and Gao, 2004). Exogen-
ous HSPs induce protein expression by various transcription
and translation processes in different cell types. Recent
studies reveal that HSPs are potent activators of the innate
immune system by induction of cytokine production (Tsan
and Gao, 2004). Molecular chaperones activate human mono-
cytes (Bethke ef al., 2002) and stimulate IL-6 production in
macrophages (Gobert et al., 2004) and treatment of T cells
with Hsp60 can regulate inflammation, inhibit chemotaxis
and up-regulate suppressor of cytokine signalling (SOCS)3
via toll like receptor (TLR)2 and signal transducer and activa-
tor of transcription (STAT)3 activation (Zanin-Zhorov et al.,
2003). Unlike somatic cells, spermatozoa are transcriptionally
inactive and so many of the reported pathways are not likely to
occur as a response to the presence of exogenous chaperones.
Studies are currently in progress to elucidate how the Ca*"
and protein phosphotyrosine content of human sperm are
modulated by the recombinant molecular chaperones Hsp60
and Grp78 during capacitation.

Commercial recombinant Hsp60 or Grp78 did not drastically
affect sperm functions. Although these results seem inconsist-
ent, there is no consensus regarding the effect of OEC or their
secretions on sperm capacitation occurring during the transit of
spermatozoa in the female reproductive tract. Most studies
have shown that OEC components maintain motility but their
effects on sperm membrane integrity and viability parameters
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are variable. OEC are reported to maintain sperm motility,
prevent human sperm capacitation (Murray and Smith, 1997)
and maintain low intracellular calcium concentration (Smith,
1998), while other studies report a promoting effect of OEC
on sperm capacitation and hyperactivation (Kervancioglu
et al., 1994,2000). In the present study, the parameters were
evaluated after a 4 h incubation. Therefore, it is not known
whether a stronger effect would have occurred earlier during
the incubation, which would indicate that the chaperones accel-
erated the onset of sperm capacitation. On the other hand, a
longer incubation period may have allowed the assessment of
a stronger effect of the chaperone proteins on sperm viability,
motility and membrane /acrosome integrity.

The present study reports the potential of two individual cha-
perone proteins, Hsp60 and Grp78, both expressed by OEC to
modulate motility, protein tyrosine phosphorylation and intra-
cellular calcium levels of sperm during capacitation. Further
investigation is required to determine the signalling pathways
triggered by these proteins and to identify potent chaperone-
interacting proteins on the sperm surface.
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