
Recombinant human zona pellucida protein C
produced in Chinese hamster ovary cells binds to
human spermatozoa and inhibits sperm–zona
pellucida interaction

Recombinant human zona pellucida protein C expressed in Chinese hamster ovary cells associates to the acro-
somal region of human spermatozoa and inhibits sperm–zona pellucida interaction in the hemizona assay. Re-
combinant human zona pellucida protein C may be a useful tool toward the development of diagnostic methods
for male factor infertility and the elucidation of the molecular basis of fertilization. (Fertil Steril� 2008;
90:879–82. �2008 by American Society for Reproductive Medicine.)
Sperm binding and penetration through the egg’s extracellu-
lar matrix, called zona pellucida (ZP), are essential steps of
mammalian fertilization. The human ZP is composed of
four main glycoproteins, called ZPA, ZPB, ZPC, and ZP1
(1–3). Nucleotide sequence analysis identifies human
ZPC* as the homologue of murine ZP glycoprotein 3
(mZP3 [1]); the results of several investigations have dem-
onstrated the ability of mZP3 to associate to the sperm
surface and to participate in molecular events related to
sperm-ZP binding and acrosomal exocytosis (4).

Clinical studies performed in the human model have re-
vealed that defective sperm–ZP interaction and disordered
ZP–induced acrosomal exocytosis are major causes of fer-
tilization failure in a high proportion of infertile patients
(5, 6). However, the diagnosis of these pathologies is lim-
ited by the scarcity of human oocytes. To circumvent this
problem, human ZP proteins have been generated in vitro
with use of recombinant DNA technology. In particular,
ZPC has been expressed in prokaryotic and eukaryotic sys-
tems (7–14). Recombinant human ZP protein C (rec-hZPC)
produced in Chinese hamster ovary (CHO) cells consis-
tently has been shown to induce the acrosomal loss of hu-
man spermatozoa (7, 8, 15, 16); in addition, rec-hZPC has
been reported to bind to sperm components in solid-phase
interaction assays (17, 18).

The aim of the present study was to further analyze the
biologic activity of rec-hZPC expressed in CHO cells by
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assessing its ability to associate to the sperm surface and
to compete with the native protein in a sperm-ZP interaction
assay.

All human samples used in the study were obtained under
the donor’s written consent, and experimental protocols
were approved by the Institutional Review Board at the
Instituto de Biolog�ıa y Medicina Experimental. Recombi-
nant human ZP protein C was produced and purified from
CHO cell culture, as described (10). This 55 to 65 kd protein
is secreted into the culture medium and remains soluble,
suggesting that native conformation is maintained. Previous
studies have shown that rec-hZPC produced in this system
induces the acrosomal exocytosis in capacitated human
spermatozoa by mechanisms similar to those described
for solubilized native ZP (15, 16).

Initially, the ability of the rec-hZPC used in the present
study to promote the acrosomal loss in capacitated human
spermatozoa was verified. Human semen samples from nor-
mozoospermic donors were subjected to the swim-up pro-
cedure to select a subpopulation of highly motile cells
(19). Selected spermatozoa were incubated under capacitat-
ing conditions in a Ca2þ-containing medium for 18 hours
followed by an additional hour of incubation in the presence
of rec-hZPC or phosphate-buffered saline solution (PBS;
control). Cells were washed, fixed, permeabilized, stained
with Pisum sativum agglutinin conjugated to fluorescein
(FITC-PSA), mounted, and examined under fluorescence
microscopy (20). Incubation with rec-hZPC significantly
induced the acrosomal exocytosis in capacitated spermato-
zoa (100 mg/mL rec-hZPC ¼ 27% � 3% acrosome-reacted
cells, 10 mg/mL rec-hZPC¼ 27%� 4%, PBS¼ 17%� 3%;
mean � SEM; n ¼ 4; values for both amounts of rec-hZPC
P<.01 vs. PBS, Student Newman-Keuls multiple-compari-
son test).

To assess the association of rec-hZPC to receptor sites on
the sperm plasma membrane, we incubated cells with the
recombinant protein and subjected them to immunolocali-
zation studies. Spermatozoa incubated for 5 hours under
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FIGURE 1

Binding of rec-hZPC to human spermatozoa. (A) Assessment of rec-hZPC association to surface sperm components by
indirect immunofluorescence. Motile human spermatozoa were incubated for 5 hours under capacitating conditions and
exposed to rec-hZPC (100 mg/mL) or PBS (control) for an additional hour. The unbound protein was removed by washing with
PBS. Cells were fixed, spotted onto microscope slides, incubated with rabbit anti-rec-hZPC (1:300 [10]) and anti-rabbit IgG
labeled with Cy3 (1:500; Chemicon International, Temecula, CA). Staining with FITC-PSA was performed to assess the
acrosomal status. Slides were mounted and analyzed with use of fluorescence microscopy. A total of 100 cells were scored in
each condition; n¼ 5 semen samples. Specific binding of rec-hZPC was calculated by subtracting the percentage of stained
spermatozoa in the control (PBS) condition from the value obtained in cells exposed to the recombinant protein.
Representative immunofluorescence patterns are shown. Top: immunodetection of rec-hZPC; middle: FITC-PSA staining;
bottom: bright-field images. (B) Evaluation of rec-hZPC ability to interfere with human sperm-ZP interaction in the hemizona
assay. Motile human spermatozoa were incubated for 5 hours under capacitating conditions and exposed for 1 hour to rec-
hZPC (treated) or PBS (control). After washing, spermatozoa were resuspended in medium and incubated for 4 hours with
human hemizonae. Sperm cells tightly bound to the outer face of each hemizona were counted, and the hemizona index (HZI)
was calculated (HZI ¼ Number of treated spermatozoa bound per hemizona/Number of control spermatozoa bound to the
counterpart hemizona). Results are expressed as mean � SEM; n R 7 hemizona; *P< .05 versus 0.1 mg/mL, Student
Newman-Keuls multiple-comparison test.
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capacitating conditions and exposed for 1 hour to rec-hZPC
showed binding of the recombinant protein over the head; in
25% � 3% of the cells, a specific staining was localized
over the acrosomal cap (Fig. 1A, 1, top), and in 2% � 1%
a signal on the equatorial segment was detected (Fig. 1A,
2, top). Staining with FITC-PSA revealed that all spermato-
zoa with bound rec-hZPC had an intact acrosome (Fig. 1A,
1 and 2, middle). When the first antibody (rabbit anti-rec-
hZPC) was either omitted or replaced by antibodies pro-
duced against other rec-hZP proteins (anti-rec-hZPA and
anti-rec-hZPB), no labeling on the sperm head was de-
tected. The percentage of spermatozoa exhibiting binding
to rec-hZPC was comparable with the proportion of sperm
cells from fertile men with the ability to bind to whole ZP
(21). A previous report described the association of agarose
beads coated with rec-hZPC produced in a reticulocyte in
vitro transcription/translation system to the head of capaci-
tated human spermatozoa, but the subcellular localization
of binding sites could not be determined (22). In agreement
with our findings, a recent study reported the binding of ba-
culovirus and Escherichia coli–expressed human ZPC to
the acrosomal cap and the equatorial region of 16-hour ca-
pacitated spermatozoa (23); however, the percentages of
cells on each pattern were different in both studies, possibly
because of differences in the experimental designs used.

Evaluation of the acrosomal status of spermatozoa incu-
bated for 5 hours under capacitating conditions and exposed
for an additional hour to rec-hZPC showed no significant
changes in the acrosomal exocytosis compared with con-
trols (100 mg/mL rec-hZPC¼ 11%� 3% acrosome-reacted
cells; PBS ¼ 11% � 1%; n ¼ 3). These observations were
not surprising, considering that using the same experimen-
tal design Calvo et al. (24) reported the need of at least an 8-
hour incubation to trigger human sperm follicular fluid–in-
duced acrosomal exocytosis. A similar capacitation time
was required to achieve maximal acrosomal exocytosis in
response to a rec-hZPC produced in human ovarian
teratocarcinoma cells (11).

If rec-hZPC binds to native ZP sperm receptors, it should
interfere with human sperm–ZP interaction in vitro. To
evaluate this possibility, spermatozoa were preincubated
for 1 hour with rec-hZPC or PBS, washed, and subjected
to the hemizona assay (25) in a Ca2þ-containing medium,
as described (20). A decrease in the number of sperm bound
to the ZP was observed when cells were exposed to rec-
hZPC (10 and 100 mg/mL); under these conditions, the
hemizona index values were significantly lower than that
obtained with 0.1 mg/mL rec-hZPC (P<.05; Fig. 1B). These
results are in agreement with previous findings from use of
either solubilized ZP glycoproteins (26) or rec-hZPC pro-
duced in mammalian cells (11). The diminished binding
levels observed could not be associated to either a noticeable
negative effect of rec-hZPC on sperm progressive motility
(100 mg/mL rec-hZPC ¼ 74% � 1% grade a cells [19],
7% � 1% grade b cells; PBS ¼ 73% � 1% grade a cells,
Fertility and Sterility�
11% � 2% grade b cells; n ¼ 3) or an increased acrosomal
exocytosis (100 mg/mL rec-hZPC ¼ 10% � 3% acrosome-
reacted cells, evaluated at the end of the assay; PBS ¼ 10%
� 2%; n ¼ 3). The recombinant protein may have blocked
native ZP receptor sites on the sperm surface. In addition,
rec-hZPC may have had a priming effect on native ZP-
induced acrosomal exocytosis, as previously described for
progesterone and human follicular fluid (27).

Results from the present study demonstrate for the first
time that rec-hZPC produced in CHO cells is able to asso-
ciate to human sperm components located on the acrosomal
region; these binding sites would correspond to native ZPC
sperm receptors, because the associated protein had the
ability to interfere with sperm-ZP interaction. In cells incu-
bated overnight under capacitating conditions, binding of
rec-hZPC to specific sites triggered the acrosomal exocyto-
sis. Altogether, these findings indicate that rec-hZPC ex-
pressed in this system is a biologically active glycoprotein.

Availability of rec-hZPC with biologic activity is of great
relevance to study the molecular mechanisms underlying
human fertilization. In addition, rec-hZPC may be useful to-
ward the development of protocols to diagnose and treat
male factor infertility, as well as for designing novel immu-
nocontraceptive strategies. Sperm-ZP interaction assays
have a high predictive value for IVF outcome (28), but
they involve the use of a biologic material available in lim-
ited quantities. As an alternative, sperm could be challenged
with rec-hZPC immobilized in a solid-phase support
(17, 29). Eventually, sperm selection based on their ability
to interact with rec-hZPC could be used as a tool to improve
fertilization rates in IVF procedures.
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