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Two functional assays of sperm responsiveness to
progesterone and their predictive values in in-vitro
fertilization
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We have recently reported, in a small cohort of subjects,
that acrosome reaction (AR) and intracellular free calcium
([Ca2+]() increase in response to progesterone were signi-
ficantly correlated with in-vitro fertilization (TVF) rate. In
the present study we extended these results to 90 subjects
undergoing FVF. We confirm that both parameters were
highly significantly correlated with the fertilization rate
(P < 0.001). In particular, significantly lower responses to
progesterone were detected in subjects with a fertilization
rate <50%, further enlightening the functional significance
of sperm responsiveness to progesterone with respect to
the process of fertilization. Moreover, we report here that
both tests are highly discriminant of fertilization success,
with positive predictive values >90% for [Ca2+]| values
which increase by >1.2-fold and AR inducibility >7% (cut-
off values). Conversely, AR following challenge with the
calcium ionophore A23187 was less significantly correlated
with the percentage fertilization rate (P < 0.05), and showed
lower predictive values than response to progesterone. All
these tests ([Ca2+]| increase in response to progesterone,
AR in response to progesterone and to A23187) appear
highly sensitive and moderately specific The positive pre-
dictive value may rise to >95% when the combination of
two tests ([Ca2+]i and inducibility of AR in response to
progesterone) is considered. No correlation with fertiliza-
tion rate has been found for spontaneous AR or basal
[Ca2+]|. In conclusion, we propose that assessment of
human sperm responsiveness to progesterone may be clinic-
ally useful in predicting fertilizing ability in vitro.
Key words. A23187/acrosome reaction/ intracellular free cal-
cium/TVF/progesterone

Introduction

Although in-vitro fertilization (TVF) is an important therapeutic
option for many infertile couples, the percentage of fertilization
failure is rather high in cases where the male partner is
subfertile. In view of the fact that other assisted reproduction
techniques, more specific for the treatment of male factor, are

© European Society for Human Reproduction and Embryology

now available [such as intracytoplasmatic sperm injection
(ICSI)], the possibility of predicting sperm fertilizing ability
would be of great help in choosing the most appropriate
technique. It is well established that routine semen analysis
provides very little information on sperm fertilizing ability
(Avery, 1992), and thus more specific and sensitive tests are
necessary. In the past few years several tests have been
proposed (for review, see Liu and Baker, 1992); however,
since the success of fertilization at FVF is dependent on several
variables, the predictive value of a single test is quite limited,
with the exception of hemizona assay (Franken et al, 1993;
Gamzu et al, 1994), which requires human oocytes and thus
cannot be used as a routine pre-IVF assay. Limitation of single
sperm functional tests is mainly related to the fact that sperm
dysfunctions can be multiple and/or present at different steps
of the fertilizing process [expression of hyperactivated motility
pattern; sperm-zona binding, acrosome reaction (AR), zona
penetration and fusion with oolemma] and thus the simultan-
eous or 'step-by-step' evaluation of different functional para-
meters can give a much more accurate prediction. Since AR
is an essential event for the process of fertilization, the
detection of the ability of spermatozoa to undergo AR has
been proposed as a potential test of sperm function (for review,
see De Jonge, 1994). In addition, since AR is dependent on
an increase of intracellular calcium ([Ca2+],), the simultaneous
measurement of [Ca2+], increase and AR may give additional
information on the integrity of signal transduction mechanisms
leading to AR (Shimizu et al, 1993).

Among the different in-vivo inducers of the AR, zona
glycoprotein ZP3 (which mediates sperm-oocyte interaction)
(Cross et al, 1988; Chamberhn and Dean, 1990), follicular
fluid (Thomas and Meizel, 1988), cumulus-oophorus complex
(Tesarik, 1985) and progesterone (Baldi et al, 1991; Parinaud
et al, 1992; Uhler et al, 1992) are the most specific, since
they are present in high concentrations in the proximity of the
oocyte. Although ZP3 is potentially the more appropriate agent
to induce AR with the aim of studying sperm fertilizing ability,
the lack of commercially available recombinant ZP3 limits the
possibility of developing a routine test Progesterone, present
in high concentrations in the folhcular fluid and in the cumulus
matrix, has been shown to be able to enhance several sperm
functions including the AR, hyperactivated motility, sperm-
zona pellucida penetration, sperm-oocyte penetration (for
review, see Baldi et al, 1995). The clinical significance of
these observations has recently been confirmed by studies on
oligoasthenoteratozoospermic/subfertile versus normozoo-
spermic men (Falsetti et al, 1993; Oehninger et al, 1994)
Moreover, in some cases of unexplained male infertility,
Tesarik and Mendoza (1992) found, as a sole sperm anomaly,
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a defective function of the putative sperm surface progesterone
receptor. Recently, in a small cohort of patients, a highly
significant correlation between sperm responsiveness to proges-
terone (in terms of [Ca2+], increase and AR) and fertilization
rate in vitro has been reported by our group (Krausz et al.,
1995). In the present paper we extended diis study to 90
infertile couples. We used progesterone to stimulate [Ca2+],
while AR was induced by two distinct stimuli: a physiological
one (progesterone), and a pharmacological one (the ionophore
A23187). We studied the relationship between progesterone
responsiveness assays, A23187-induced AR, parameters of
routine semen analysis and fertilization rate. In order to
establish the clinical significance of these assays we calculated
their sensitivity, specificity, positive and negative predictive
values.

Materials and methods

Chemicals

Fura 2/AM, A23187, ionomycin and fluorescein isothiocyanate
(FTTC)-labelled Arachis hypogea (peanut) lectin were obtained from
Calbiochem (San Diego, CA, USA). Progesterone and FITC-labelled
lectin were obtained from Sigma (St Louis, MO, USA). IVF medium
was obtained from Medi Cult (Denmark). Progesterone and A23187
were dissolved in dimethyl sulphoxide (DMSO) at an initial concentra-
tion of 10 mg/ml and 10 mM respectively and further dilutions were
made in IVF medium.

Subjects

The study population consisted of 90 unselected couples undergoing
IVF therapy. The simultaneous measurement of all four parameters
was not always possible, therefore the measurement of [Ca2+], was
performed in 69 subjects, AR following progesterone stimulation in
60 subjects and AR following A23187 stimulation in 53 subjects

Preparation of spermatozoa

Spermatozoa were washed from seminal plasma; moule spermatozoa
were separated using a 1 h on pellet swim-up procedure in IVF
medium, washed, counted in a Makler chamber three times, and
divided into two ahquots, one for subsequent oocyte insemination
(100 000 spermatozoa/oocyte) and the other for calcium and AR
studies. Oocytes were collected under transvaginal ultrasound guid-
ance from women previously treated according to the following
protocol (Krausz el al., 1995): s.c buserckn acetate (Suprefact,
Hoechst, 600 u.g/day) starting from day 21 of the last menstrual cycle
to desensitize the pituitary gland. When pituitary desensitization had
been achieved as shown by a concentration of serum oestradiol <50
pg/ml, buserelin acetate treatment was continued together with purified
follicle-stimulating hormone (FSH, 225 IU/day, Metrodin, Serono)
Ovarian stimulation was monitored by daily ultrasound assessment
of follicular growth and estimation of serum oestradiol concentration.
When serum oestradiol was >600 pg/ml, women were treated with
10 000IU human chorionic gonadotrophin (HCG, Profasi HP, Serono)
and oocyte retrieval performed 34 h later. An average of 7.6 ± 0.94
ova per woman was recovered during this procedure Oocytes were
graded (from 1 to 6) based on morphological criteria of cumulus and
corona radiata according to Veeck (1986). All the oocytes ranged
from grade 3 to 6. All the available oocytes were used for insemination.

Measurement of [Ca2+Ji

After swim-up procedure, spermatozoa were resuspended at a concen-
tration of SXlOfyml in IVF medium, incubated at 37°C with fura
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2/AM for 45 min, washed, resuspended in FM buffer (125 mM NaCl,
10 mM KC1, 2.5 mM CaCl2, 0.25 mM MgCl2, 19 mM sodium lactate,
2.5 mM sodium pyruvate, 20 mM HEPES/NaOH; Thomas and
Meizel, 1988) and further incubated for 15 min. [Ca2+], was measured
as previously described using a spectrofluonmetnc method (Baldi
et al, 1991; Falsetti et al, 1993). Spermatozoa were transferred to a
quartz cuvette in a total volume of 2 ml containing a total of 5X106

spermatozoa Fluorescence was measured using a spectrofluorometer
(University of Pennsylvania Biomedical Group, Philadelphia, PA,
USA) set at 340 nm excitation with emission at 510 nm. Spermatozoa
were stimulated with 0 1 and 1 |J.g/ml progesterone which was added
directly in the cuvette. Fluorescence measurements were converted
to [Ca2+], by determining maximal fluorescence (F^x) with ionomy-
cin (8 mM final concentration) followed by minimal fluorescence
(Fmn) with 10 mM EGTA, pH 10. [Ca2+], was calculated according
to Grynkiewicz et al. (1985) assuming a dissociation constant of fura
2 for calcium of 224 nM. Addition of ionomycin yielded similar
increases in fluorescence in all the samples examined, indicating a
similar fura 2/AM incorporation. Autofluorescence of the cells was
assessed by measuring fluorescence of unloaded cells, autofluores-
cence subtraction did not modify basal or stimulated [Ca2+], as
previously reported (Falsetti et al., 1993).

Determination of AR

Acrosome-reacted spermatozoa were evaluated using the fluorescent
probe FITC-labelled A.hypogea lectin, as described previously (Aitken
et al, 1993, Krausz et al, 1994) Briefly, ahquots (125 ul) of
spermatozoa (lOXlC^/ml) recovered after swim-up procedure were
incubated with an equal volume of progesterone (4 u.g/ml), A23187
(10 |iM) or DMSO control solvent for 1 h at 37°C, centnfuged and
further incubated in 0.5 ml hypo-osmotic swelling medium for 1 h.
After centnfugation, spermatozoa were finally suspended in 50 ul
ice-cold methanol, layered on a slide, stained with fluorescent lectin
and scored using a fluorescent microscope (Leitz Wetzlar, Germany).
The AR was evaluated on a total of 100 spermatozoa/slide. Only
curly tailed spermatozoa were scored. Control solvent gave identical
results to IVF medium alone. The difference between percentage
progesterone- or ionophore-induced and percentage spontaneous acro-
some reacted spermatozoa was considered to be the percentage of
spermatozoa in the population capable of responding to progesterone
or ionophore [and thus called, respectively, AR following progesterone
challenge (ARPC) and AR following ionophore challenge (ARIC)].

Statistical analysis

Results are expressed as mean ± SEM The distribution of the raw
data was examined by scattergram analysis as well as calculations of
kurtosis and frequency distribution plots Where appropriate, the data
were normalized by log([Ca2+],), or square root (AR) transformation
to reduce skews. The /-test was used to assess the statistical signific-
ance of differences between groups after normalization of the data
distribution. The data were back-transformed for presentauon.

Results

Reduced responsiveness to progesterone and A23187 in
samples exhibiting <50% fertilization rate (FR)

Of the 90 couples admitted to the study, 54 (59.3%) had
female factor, eight (8.7%) male factor, 21 (23%) mixed and
eight (8.7%) unexplained infertility.

The mean percentage oocytes fertilized (average FR) for
the overall population was 46 ± 3.6% (n = 90). This value
is slightly lower than that reported by other authors in different
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study populations but in the present study no oocyte selection
was performed before IVF; furthermore, a relatively high
number of subjects whose spermatozoa did not fertilize any
egg were included m the study population (see below)

Subjects were arbitrarily divided into two groups on the
basis of average FR: group 1 with FR 5=50% (average FR,
75.3 ± 2.5, n = 47), and group 2 with a FR <50% (average
FR, 13.6 ± 2.3, n = 43). In group 2, 20 subjects out of 43
did not fertilize any egg. No significant differences were
observed concerning oocyte number and grade of maturation
between the two groups of subjects (data not shown).

Among the different routine semen analysis parameters, the
highest degree of statistical significance between the two
groups of patients was found for basal (not shown) and post-
swim-up total motility (74 ± 3 and 85 ± 2% in groups 1 and
2 respectively, P < 0.005). Although a statistically significant
correlation between percentage motility after swim-up and FR
was found (r = 0.413; P < 0.001, n = 90), 50% of patients
whose spermatozoa failed to fertilize had sperm motility
>80%, indicating a poor predictive value of this parameter
with respect to IVF outcome, as already reported (for review,
see Liu and Baker, 1992). Similar results were obtained when
basal and post-swim-up sperm concentrations were considered
(results not shown). Moreover, although the percentage of
cells with normal morphology, assessed according to WHO
(1992) procedure, was slightly lower in group 2 (49 ±3%)
with respect to group 1 (54 ± 2%), the difference was not
significant and no correlation was found between FR and
percentage normal sperm forms. These results confirm that
assessing sperm characteristics with routine semen analysis is
poorly indicative of fertilizing ability.

Basal [Ca2+], was similar in the two groups of patients
(results not shown). Average percentage sperm [Ca2+], increase
in response to both 0.1 and 1.0 Hg/ml progesterone was
significantly lower in subjects with a FR < 50% compared to
subjects with a FR 2* 50% (Figure 1), confirming previous
results obtained by our group (Krausz et al., 1995). In six out
of the 15 patients (40%) that did not fertilize any egg where
[Ca2+], increase in response to progesterone was tested, no
response was observed. In the remaining patients, mean [Ca2+],
increased in response to progesterone by a factor of 1.6 ±0.12
(n = 9). It is worth noting that three of the latter patients were
included in another IVF cycle, and in two of them fertilization
was achieved on the second attempt.

Basal percentage AR was similar in the two groups of
patients (Figure 2). After stimulation with 4 (J.g/ml progesterone
and 10 ^mol/1 A23187 a significantly lower response was
detected in subjects with FR < 50% (Figure 2). In particular,
the significance between the two groups was more pronounced
when progesterone was used to stimulate spermatozoa
(P < 0.001 compared with P < 0.05 for A23187).

Responsiveness (measured as [Ca2+]i and AR) to A23187
and relationship to percentage fertilization rate

The log[Ca2+], increases in response to both 0.1 and 1 0 (J.g/
ml progesterone, V A R P C and VARIC were all significantly
correlated to FR (Table I). Among these parameters, the most
significant relationship was found between VARPC and FR

35-1

(21) (34)
P 0.1

(27) (39)

PI ng/ml

Figure 1. Intracellular calcium [Ca2+], increase in response to two
different concentrations (0.1 and 1 u.g/ml) of progesterone (P) in
fura 2-loaded spermatozoa of patients with a fertilization rate
<50% or 5=50% Number of patients shown in parentheses
•Significantly different from corresponding group 2 measurement,
P < 0 005

(30) (29)

basal progesterone

(24) (27)

A23187

Figure 2. Basal, progesterone- and A23187-stimulated acrosome
reaction in spermatozoa of patients with fertilization rate <50% or
5*50% Number of patients shown in parentheses. Significantly
different from corresponding group 2 measurements at *P < 0 05
and **P < 0 001

(Table I). When the subjects are divided into three groups on
the basis of ARPC, the relationship between ARPC and FR is
evident (Figure 3) Indeed, the mean percentage of eggs
fertilized at IVF increased as the percentage of spermatozoa
capable of acrosome discharge became greater (Figure 3).
VARPC was significantly correlated to log[Ca2+], increase in
response to progesterone (r = 0.45; P < 0.007), indicating a
close relationship between the two parameters.
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Table L Correlation coefficients by simple regression analysis of the
different parameters evaluated and the fertilization rate obtained

Parameter r1 / * i

Log[Ca2+]j - 1 0 Hg/ml progesterone
Log[Ca2+], - 0 1 Ug/ml progesterone
VAR (basal)
VARIC
VARPC

NS, not significant, [Ca2+]i, intracellular calcium; AR, acrosome reaction;
ARIC, AR following lonophore challenge; ARPC, AR following
progesterone challenge.
•Regression coefficient.
''Significance of probability
dumber of couples.

0 456
0.445
0.146
0.308
0 493

0.0005
0.0005
NS
0 005
00001

70
56
60
53
59

10O

80

2 6O
B

.3 w

•2 20

o

-20

3

J
8

n=22

n=21.

T
n=16

1

< 7 * 8-15% > 1 6 *
ARPC

Figure 3. Average response curve for the percentage fertilization
rate at IVF by patient population grouped according to acrosome
reaction following progesterone challenge (ARPC) values. Boxes
indicate 25th and 75th percenoles while the horizontal line within
the box indicates the 50th percentile value (median). Vertical lines
give 10th and 90th percentile limits of the data, while single points
indicate extreme values outside this range.

Predictive values of the single tests

In order to calculate specificity, sensitivity, and positive and
negative predictive values, two different limiting (cut-off)
values were chosen for each parameter (Table II): the lower
one because of the higher sensitivity associated with the
highest negative predictive value, and the higher one because
of the highest positive predictive value. The percentage of
patients with values over the cut-off whose spermatozoa
fertilized at IVF (positive predictive value) was >80% for all
parameters for both limiting values (Table II). The best positive
predictive values were found for 0.1 (ig/ml [Ca2+], and ARPC
(Table II). Conversely, the percentage of patients with values
under the cut-off that did not fertilize (negative predictive
value) was <80% for all parameters, the most sensitive and
specific being [Ca2+], increase in response to 0.1 (ig/ml
progesterone and ARPC (Table II).

In order to establish if the combination of the two tests
(ARPC and [Ca2+], increase in response to progesterone)
which showed the higher correlation with respect to FR could
give a better predictive model, we assigned 1 or 0 points for
each test respectively, when the value was above or below the
higher cut-off value. We found that when both tests gave
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Figure 4. Correlation curve (r = 0 77, P < 0.001, n = 19)
between factor of increase over basal value of intracellular calcium
([Ca2+],) in spermatozoa in response to 1.0 u.g/ml progesterone in
the same patients on semen analysis 1 month prior to in-vitro
fertilization and on the day of IVF.

positive results (2 points, n = 23), 96% of patients achieved
fertilization, whereas when only one test was positive (1 point,
n = 13), the percentage of patients achieving fertilization was
reduced (63.6%). Although only two subjects showed negative
results for both tests (0 points), it is worth noting that in these
two subjects no fertilization was achieved.

Reproducibility of [Ca2+]i responsivity

In order to establish whether [Ca2+], increase in response to
progesterone can be considered a stable parameter, we evalu-
ated such response 1 month before and on the same day as
IVF m 19 subjects. Figure 4 shows the correlation between
responsiveness to progesterone m the two different assess-
ments. The high correlation coefficient found between the two
different measurements (r = 0.77, P < 0.001) suggests that
the degree of responsiveness to progesterone is stable and can
be considered a permanent feature of human spermatozoa from
the same subject.

Discussion

Impaired responsiveness of human spermatozoa to progester-
one has been recently reported in subjects with reduced
fertilizing ability (Tesarik and Mendoza, 1992; Falsetti et al,
1993; Oehninger et al, 1994; Krausz et al, 1995). In addition,
we found, in a small cohort of patients, that response to
progesterone of spermatozoa is highly correlated with fertiliza-
tion rate (Krausz et al, 1995), suggesting that measurement
of sperm responsiveness to progesterone could be used as
diagnostic tool for the evaluation of sperm fertilizing ability
in patients undergoing assisted fertilization programmes. The
present study provides additional evidence that sperm AR and
increase of [Ca2+], in response to progesterone is useful for
the assessment of in-vitro fertilizing ability. Indeed, this study,
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Table II. Limiting values, sensitivity,

Parameter

[Ca2+], - progesterone 1 0 ng/ml

[Ca2+], - progesterone 0 1 Jig/ml

ARPC

ARIC

specificity, positive (PPV) and

Limiong value

1 5 '
1 3 '
14*
121

7b

5b

17"
lO*

negauve (NPV) predicting

Sensitivity (%)

81
96
83
93
85
89
57
85

values for the different

Specificity (%)

69
53
78
55
77
69
75
58

parameters

PPV (%)

91
89
95
91
93
91
88
87

evaluated

NPV (%)

47
77
41
62
59
64
35
53

For abbreviations, see Table I.
"Factor by which value is increased over basal [Ca2+],
''Percentage value

conducted in a cohort of 90 patients, confirms the lower
responsiveness to progesterone in subjects with reduced fertiliz-
ing ability as well as the presence of a highly significant
correlation between responsiveness to progesterone and fertil-
ization rate. More importantly, the discriminant analysis per-
formed in our study indicates that an increase of [Ca2+], in
response to 0.1 |ig/ml progesterone of > 1.4-fold and an ARPC
>7% can predict fertilization success respectively in 95 and
93% of cases; when both parameters are over the threshold
value, the positive predictive value rises to >95%. Conversely,
we did not find a correlation between the degree of spontaneous
AR and the fertilization rate, confirming that such a parameter
is poorly predictive of IVF success (Henkel et al, 1993).
Moreover, AR induction by the calcium ionophore A23187
(ARIC), although showing a significant correlation with fertil-
ization rate, was less predictive, sensitive and specific than
ARPC and [Ca2+], increase in response to progesterone with
respect to fertilization outcome. In agreement with our findings,
Calvo et al. (1994a) recently reported, in a study population
of 232 subjects, that AR in response to follicular fluid is highly
predictive of IVF success. Moreover, this test showed similar
specificity, sensitivity, negative and positive predictive values
as those obtained in the present study (Calvo et al, 1994a).
Since progesterone is the main inducer of AR in the follicular
fluid (Osman et al., 1989; Morales et al., 1992) it may be
speculated that both tests, induction of AR by progesterone
and by follicular fluid, basically evaluate a similar sperm
characteristic. In addition, Shimizu et al. (1995) reported, in
agreement with our data, preliminary results showing that
progesterone-induced [Ca2+] increase is correlated with fertil-
ization rate. It must be mentioned that in a study population
of 117 subjects, Parinaud et al. (1995), among several AR
inducers tested, found that only response to A23187 and to
the phorbol ester 12-Otetradecanoylphorbol-13-acetate (TPA)
were discriminant of IVF success, whereas responsiveness
to progesterone and follicular fluid were not correlated to
fertilization rate. However, in their study progesterone and
follicular fluid were demonstrated to be very weak stimulators
of AR (Parinaud et al., 1995), pointing out possible important
methodological differences in determination of sperm AR or
in sperm preparation between then- and other studies (Calvo
et al., 1989, 1994a; Krausz et al, 1995; present study)

As mentioned above, the ideal inducer of AR is the zona
glycoprotein ZP3, considered to be the physiological AR

stimulus during the process of fertilization, while the physio-
logical significance of sperm responsiveness to progesterone
is questioned. However, the high concentration of progesterone
in the cumulus matrix, which must be crossed by the spermato-
zoon before reaching the oocyte zona, and the fact that
capacitated spermatozoa, i.e. those that possess the ability to
fertilize the oocyte, are more responsive to progesterone (Baldi
et al, 1991, Mendoza and Tesarik, 1993; Meyers et al, 1995;
Shi and Roldan, 1995), suggest that the steroid may have a
role in induction of AR during the process of fertilization.
Roldan et al (1994) recently demonstrated, in the mouse, that
exposure to progesterone enhances sperm responsiveness to
ZP3, providing evidence for a physiological role of progester-
one in the fertilization process in mouse In addition, some of
the pathways of signal transduction of progesterone are com-
mon to those of ZP3 (increase of [Ca2+],, stimulation of
tyrosine phosphorylation of proteins). In particular, both agon-
ists increase tyrosine phosphorylation of a protein in the
molecular weight range of 95—97 kDa (Leyton and Saling,
1989; Tesarik et al, 1993; Luconi et al, 1995), which has
been recently cloned and identified as sperm receptor for
ZP3 (Burks et al, 1995). The tight correlation between
progesterone-induced [Ca2+], increase and AR and fertilization
rate found in this study further elucidates the functional
significance of sperm responsiveness to progesterone. More-
over, all this evidence suggests that assessment of sperm
responsiveness to progesterone may be considered a good
index of sperm function in the proximity of the oocyte,
particularly when concerning the integnty of the mechanisms
of signal transduction. However, it is possible that zona
pellucida in vivo is more potent than progesterone or cumulus
in inducing AR in human spermatozoa, thus justifying the
presence of some false negative results and the relatively low
negative predictive values. On the other hand, the presence of
a few false positive results in our study may be due to some
defective oocytes. Indeed, although oocyte maturity grade was
similar in the two groups, other possible female gamete defects,
such as genetic aberration and/or surface receptor deficiencies,
which potentially alter the process of fertilization, cannot be
excluded. Due to the low proportion of male factor patients
according to the WHO (1992) criteria (<9%), it was not
possible to distinguish the predictive value of these tests
between normozoospermic and male factor patients It is
noteworthy that, within the couples with pure female factor,
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we were able to distinguish two subgroups of male patients
on the basis of progesterone responsiveness: that with a positive
response (over the cut-off value) had a significantly higher
fertilization rate than the one with low response (data not
shown), indicating that these tests may be predictive also for
subjects with normal semen characteristics.

An important question concerns the variability of sperm
responsiveness to progesterone from one ejaculate to another.
We show here that [Ca2+], increase in response to progesterone
is similar, in a small cohort of subjects, in two measurements
performed within 1 month, suggesting a substantial reproducib-
llity of the parameter. Intra-individual variability of progester-
one-induced AR was not measured in our study; however,
Calvo et al. (1994b) reported that intra-individual variability
of follicular fluid-induced AR was low and response did not
change with time, indicating also that AR inducibility can be
considered a stable parameter.

In conclusion, our study indicates that assessment of sperm
responsiveness to progesterone by measuring [Ca2+], increase
and AR is highly predictive of fertilization success especially
when the two parameters are measured simultaneously. Such
assays are quite simple and highly specific, do not require
expensive equipment and thus can be proposed as routine pre-
IVF tests (subject to suitable cost-benefit analyses) in order to
select patients for the most appropriate treatment.

Acknowledgements
We thank Professor Mano Scno (Umta' di Endocnnologia, Universita'
di Firenze), Dr S.Pratesi and M Mannelh (Clinica Ostetrica e Gine-
cologica, Universita' di Firenze) for helpful suggestions. We also
thank Professor A.Conti (Unita' di Fisica Medica, Universita' di
Firenze) for valuable help in the statistical analysis. L.B. is recipient
of a grant from Associazione Italiana Ricerca sul Cancro (AIRC,
Milano). This work was supported by CNR (Rome, Progetto Frnaliz-
zato FATMA) Ministero dell'Universita' e della Ricerca Scientifica
(Rome) and Regione Toscana

References
Aitken, RJ., Buckingham, D W and Fang, HG (1993) Analysis of the

response of human spermatozoa to A23187 employing a novel technique
for assessing acrosome reaction J. Androl, 14, 132-141

Avery, S.M. (1992) IVF and male infertility. Reprod Med Rev, 1, 151-164
Baldi, E., Casano, R , Falsetn, C et al (1991) Intracellular calcium

accumulation and responsiveness to progesterone in capacitating human
spermatozoa. J Androl, 12, 323-330.

Baldi, E., Krausz, C and Forti, G. (1995) Nongenomic actions of progesterone
on human spermatozoa. Trends Endocnnol Metab , 6, 198-205

Burks, D J., Carballada, R., Moore, H.D M. and Saling, P.M. (1995) Interaction
of a tyrosine kinase from human sperm with the zona pellucida at
fertilization. Science, 269, 83-86

Calvo, L., Vantman, D J , Banks, S.M. el al (1989) Folhcular fluid-induced
acrosome reaction distinguishes a subgroup of men with unexplained
infertility not identified by semen analysis. FemL StenI, 52, 1048-1054.

Calvo, L., Dennison-Lagos, L , Banks, S M. et al (1994a) Acrosome reaction
mducibility predicts femlization success at m-vitro fertilization Hum.
Reprod., 9, 1880-1886

Calvo, L., Deruuson-Lagos, L , Banks, S M and Sherins, RJ (1994b)
Characterisation and frequency distribution of sperm acrosome reaction
among normal and infertile men Hum. Reprod, 9, 1875-1879.

Chamberlin, ME. and Dean, J. (1990) Human homologue of the mouse sperm
receptor. Proc. Natl Acad. Scu USA, 87, 6014-6018

Cross, N., Morales, P., Overstreet, J and Hanson, F (1988) Induction of
acrosome reaction by human zona pellucida. BioL Reprod., 38, 235-244.

1666

De Jonge, C. (1994) The diagnostic significance of the induced acrosome
reaction Reprod Med. Rev, 3, 159-178

Falsetti, C , Baldi, E., Krausz, C et al (1993) Decreased responsiveness to
progesterone of human spermatozoa in oligozoospermic patients. J. Androl,
14, 17-22.

Franken, D R, Kruger, TF., Oehmnger, S et al (1993) The ability of the
hemizona assay to predict human fertilization in different and consecutive
in-vitro fertilization cycles. Hum. Reprod, 8, 1240-1244

Gamzu, R., Yogev, L , Anut, A. et al (1994) The hemizona assay is of good
prognostic value for the ability of sperm to fertilize oocytes in vitro. Fertil.
Steal, 62, 1056-1059

Grynkiewicz, G., Poerue, M. and Tsien, R.Y (1985) A new generation of
Ca2+ indicators with greatly improved fluorescent properties. J Bwl Chem.,
260, 3440-3450

Henkel, R., Muller, C , Miska, W. et al. (1993) Determination of the acrosome
reaction m human spermatozoa is predictive of fertilization in vitro Hum
Reprod, 8,2128-2132.

Krausz, C , Gervasi, G., Forti, G and Baldi, E (1994) Effect of platelet-
acUvating factor on motihty and acrosome reaction of human spermatozoa.
Hum Reprod , 9, 471-476.

Krausz, C , Bonaccorsi, L , Luconi, M et al (1995) Intracellular calcium
increase and acrosome reaction in response to progesterone in human
spermatozoa are correlated with in vitro fertilization Hum. Reprod., 10,
120-124.

Leyton, L. and Saling, PM (1989) 95 kD sperm proteins bind ZP3 and serve
as tyrosine kinase substrates in response to zona binding. Cell, 57,
1123-1130.

Liu, DY and Baker, H.WG. (1992) Tests of human sperm function and
fertilization in vitro. FemL Stenl, 58, 465-483

Luconi, M , Bonaccorsi, L , Krausz, C et al (1995) Stimulation of protein
tyrosine phosphorylation by platelet-activating factor and progesterone in
human spermatozoa. Mol Cell Endocnnol, 108, 35-42

Mendoza, C. and Tesank, J (1993) A plasma membrane progesterone receptor
in human sperm is switched on by increasing intracellular free calcium
FEBS Lett, 330, 57-60

Meyers, S.A, Overstreet, J W , Liu, I K.M and Drobnis, E.Z. (1995)
Capacitauon in vitro of stallion spermatozoa comparison of progesterone-
induced acrosome reaction in fertile and subfertile males J Androl, 16,
47-54.

Morales, P, Llanos, M , Gutierrez, G et al (1992) The acrosome reaction
inducing activity of individual human follicular fluid samples is highly
variable and is related to the steroid content Hum. Reprod., 7, 646-651.

Oehninger, S , Sueldo, C , Lanzendorf, S et al (1994) A sequential analysis
of the effect of progesterone on specific sperm functions crucial to
fertilization in vitro in infertile patients Hum. Reprod, 9, 1322-1327

Osman, R.A., Andria, M L , Jones, A.D and Meizel, S (1989) Steroid-
induced exocytosis. the human sperm acrosome reacuon. Biochem. Bwphys.
Res. Commun., 160, 828-833

Pannaud, J., Labal, B and Vieitez, G. (1992) High progesterone concentrations
induce acrosome reaction with a low cytotoxic effect Fertil Stenl, 58,
599-602.

Pannaud, J , Vieitez, G , Moutaffian, H. et al. (1995) Variations in spontaneous
and induced acrosome reaction: correlations with semen parameters and ln-
vitro fertilization results Hum. Reprod, 10, 2085-2089

Roldan, E R.S., Murase, T and Shi, Q -X. (1994) Exocytosis in spermatozoa
in response to progesterone and zona pellucida. Science, 266, 1578-1581

Shi, Q.-X and Roldan, E R.S. (1995) Evidence that a GABAa-like receptor
is involved in progesterone-induced acrosomal exocytosis in mouse
spermatozoa. Bwl Reprod, 52, 373-381.

Shunizu, Y, Nord, E P. and Bronson, R.A (1993) Progesterone-evoked
increases in sperm [Ca2+]i correlate with the egg penetrating ability of
sperm from fertile but non infertile men Fertil Stenl, 60, 526-532

Shunizu, Y, Kubotai T, Kamad, S et al (1995) Relationship between
intracellular calcium response of human spermatozoa and femlization rate
of IVF-ET. American Society for Reproductive Medicine, Seattle, USA,
October 7-12, abstract O-159

Tesarik, J. (1985) Comparison of acrosome reaction inducing activity of
human cumulus oophorus, follicular fluid and lonophore A23187 in human
sperm populations of proven fertilizing ability in vitro. J Reprod. Feml,
74, 383-388.

Tesarik, J. and Mendoza, C. (1992) Defective function of a nongenomic
progesterone receptor as a sole sperm anomaly in infertile patients. Fertil
Stenl, 58, 793-797.

Tesank, J., Moos, J and Mendoza, C. (1993) Stimulation of protein tyrosine

 by E
lisabetta B

aldi on N
ovem

ber 18, 2012
http://hum

rep.oxfordjournals.org/
D

ow
nloaded from

 

http://humrep.oxfordjournals.org/


Functional assays of sperm responsiveness to progesterone

phosphorylation by a progesterone receptor on the cell surface of human
sperm Endocrinology, 133, 328-335.

Thomas, P and Meizel, S (1988) An influx of extracellular calcium is required
for initiation of the human sperm acrosome reaction induced by follicular
fluid. Gamete Res , 20, 397-411

Uhler, M.L , Leung, A , Chan, S YW and Wang, C (1992) Direct effects of
progesterone and antiprogesterone on human sperm hyperacuvated motihty
and acrosome reaction. FertiL Stenl, 58, 1191-1198.

Veeck, L.L (1986) Atlas of the Human Oocyte and Early Conceptus Williams
and Wilkins, Baltimore, MD

World Health Organization (WHO, 1992) WHO Laboratory Manual for the
Examination of Human Semen and Sperm—Cervical Mucus Interaction, 3rd
edn Cambridge University Press, Cambridge

Received on December 21, 1995, accepted on May 7, 1996

1667

 by E
lisabetta B

aldi on N
ovem

ber 18, 2012
http://hum

rep.oxfordjournals.org/
D

ow
nloaded from

 

http://humrep.oxfordjournals.org/

