European Journal of Medical Technology • 1(10) 2016

Induction effectiveness of
acrosome reaction in prepared
human spermatozoa assessed
using the CD46 surface antigen
Grzegorz Bakalczuk1, Artur Wdowiak2,
Magdalena Lewicka1, Magdalena Sulima1,
Sava Perovic3, Juric Anton3, Miroslaw A. Kielak4
Department of Obstetrics, Gynaecology and
Obstetric-Gynaecological Nursing, Faculty of Health
Sciences, Medical University, Lublin, Poland

1

Diagnostic Techniques Unit, Faculty of Health
Sciences, Medical University, Staszica 4-6,
20-081 Lublin, (Collegium Maximum), Poland

European Journal
of Medical Technologies
2016; 1(10): 44-53
Copyright © 2016 by ISASDMT
All rights reserved
www. medical-technologies.eu
Published online 22.03.2016

7.00 scores MNiSW

2

Corresponding
address:

Department of Urology, University
Children’s Hospital, School of Medicine,
University of Belgrade, Serbia

3

4

Healthpoint Medical Group-Tampa, Florida, USA

Artur Wdowiak
Diagnostic Techniques
Unit, Faculty of Health
Sciences, Medical
University in Lublin
(Collegium Maximum),
Poland, 20-081 Lublin,
Staszica street 4-6

Abstract
The semen used for artificial insemination must be subject to appropriate preparation, which involves separating sperm from seminal plasma and selecting
those having the greatest reproductive capacity. One way of preparation was
the centrifugation of semen by means of Percoll gradient.
Our study was part of a larger research program, in which we examined the
properties of the different techniques of sperm preparation. The aim of this
study was to investigate whether the technique used for the preparation of semen on the basis of Percoll gradients affects the quality and the occurrence of
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acrosome reaction in human sperm. The study included 30 ejaculates obtained
from patients ranging 21-53 of age. The samples of ejaculate were divided into
two equal volumes. The first group was subject to the preparation with different Percoll gradients and the second group was without preparation. The induction of acrosome reaction with the calcium ionophore was performed on
both group. Preparation of sperm with a gradient of Percoll significantly improved semen parameters such as motility, density and percentage of morphologically normal spermatozoa, but negatively affected the occurrence of the
human sperm acrosome reaction. Preparation of the Percoll gradient was not
practical in clinical use. Viability (VIAB) was the only practical parameter in the
case of usefulness of classical semen analysis in predicting the ability of sperm
to achieve the state of capacitation.

Introduction
Conjugal infertility affects an increasing number of
married couples in the Polish society, and the problem of treatment of this condition is becoming an
increasingly important challenge for medicine. Infertility treatment centers receive couples who are
offered to undergo intrauterine insemination as the
initial method of treatment. This procedure consists
in directly placing the sperm in the uterine cavity.
The condition for carrying out these procedures are
unobstructed fallopian tubes and adequate sperm
quality.
The semen used for artificial insemination must
be subject to appropriate preparation, which involves
separating sperm from seminal plasma and selecting those having the greatest reproductive capacity.
One way of preparation was the centrifugation of semen by means of Percoll gradient. Sperm placed in
the woman's reproductive tract undergo a process of
capacitation, during which they are prepared for the
fertilization of the ovum [1,2]. The course of capacitation is affected by substances contained in the fluid
in which sperm are suspended. The fluid contains
secretions of testicular tissues and epididymis, extra
male glands: seminal vesicles, prostate and bulbourethral glands, as well as the secretion of the uterus and
vesicular fluid [1]. In the case of insemination process, capacitation may also be affect by substances,
such as Percoll among other, used in the preparation
of semen which sperm are transferred into [3].

During capacitation, the sperm becomes hyperactive, which means increased motility due to increase
in frequency and force of impact of the tails, leading
to changes of the movement path of the male gamete. Hyperactive sperm move along a curved track,
so that they can penetrate the zona pellucida and the
fertilized egg. When moving rectilinearly in the seminal fluid, sperm do not have the ability to fertilize the
oocyte [4].
Sperm, which may have the necessary motility parameters and being able to achieve the state of capacitation necessary to cross the oocyte barriers, should
bind to the zona pellucida and then complete the acrosome reaction, so that its action can bring about
pregnancy. Acrosome reaction is the last step of activating the male gamete and is essential to the subsequent penetration of the zona pellucida by sperm,
with the possibility of it being mediated by acrosome
enzymes released during this process. Acrosome reaction is also preparing the sperm to merge with the
cell membrane and can be induced by follicular fluid,
progesterone, oocytes and chemicals such as the Ca2+
ionophore [5,6,7]. In the literature, we can find reports indicating that only 15-45% of correctly motile
sperm used in IVF are capable of acrosome reaction
in in vitro conditions [8,9,10,11]. The ability to predict whether the sperm have the ability to complete
the process of fertilization would be of great importance in the diagnosis and treatment of the so-called
idiopathic infertility cases, but also in making decisions on how to fertilize the ovum in vitro.
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This creates a need to search for new predictive
factors of male fertility, which may include specific
hypoglycosylated isoform of the regulator complement of the membrane cofactor protein (MCP – mebrane cofactor protein, CD46), being located on the
inner membrane of the sperm acrosome. Human
membrane cofactor protein (MCP, CD46) is a ubiquitously expressed protein known to protect cells
from complement attack. This membrane is exposed
after the acrosome reaction and is subject to the phenomenon of exocytosis occuring after contact with
the zona pellucida of the ovum. MCP plays an important role in the reproduction, and its expression
in human spermatozoa is strictly limited to the inner membrane of the acrosome [9,10,11]. Changes
in the expression of MCP on spermatozoa have been
associated with infertility [12,13] because the MCP
can be a target for antisperm antibodies [14]. It is
also believed that MCP is also linked with the flow
of calcium ions through the inner membrane of acrosome [9]. The subsequent hypothesis concerns the
complement regulatory function of MCP, thanks to
which it can protect the spermatozoon already undergoing the acrosome reaction in the final stages of
fertilization.
Flow cytometry is used to study mammalian acrosome reaction [17], and, in conjunction with lectins
related with FITC (fluorescein isothiocyanate), to research human acrosome reaction [18]. The CD46 antibody [19,20,21] associates antigens present on the
inside of the acrosome of the sperm membrane [22].
Use of CD46 antibodies in association with the flow
cytometry could become a rapid test to routinely assess the acrosome reaction [22].
Percoll was previously used in assisted reproductive technology to select sperm from semen by density gradient centrifugation, for use in techniques as
in vitro fertilization or intrauterine insemination.
However, in 1996, Pharmacia sent out a letter to
laboratories stating that Percoll should be used for
research purposes only, not clinical. Pharmacia had
not marketed it as a sperm preparation product; it
had been repackaged and sold as such by third-party
manufacturers. The FDA Warning Letter was due to
Concerns that PVP might cause damage to sperm
(an unknown issue), and also that some batches of

Percoll contained high levels of endotoxin (a known
issue). The latter concern also applies to the use of
Percoll with any other cells that might be injected
back into the patient, since endotoxin can cause severe inflammation and fever. Since then, it has been
replaced with other colloids in the ART industry [3].
Our study was part of a larger research program,
in which we examined the properties of the different techniques of sperm preparation. The aim of this
study was to investigate whether the technique used
for the preparation of semen on the basis of Percoll
gradients affects the quality and the occurrence of acrosome reaction in human sperm.

Materials and methods
The study included 30 ejaculates obtained from patients ranging 21-53 of age (mean: 32.6 ± 7.2 years
old, median: 30 years years old) coming for routine
examination during the diagnosis of male infertility.
Material consisted of semen samples obtained in the
seminological laboratory of the Fertility and Andrology Clinic of Medical University of Lublin.
All samples have been obtained by means of masturbation after 48-72 hours of abstinence and put in
sterile containers, having been analyzed according
to the WHO protocol in 1999 [32]. We excluded patients whose MAR test result was positive.

Examination technique
The samples of ejaculate were divided into two equal
volumes. The first(study) group was subject to the
preparation with different Percoll gradients and the
second (control) group was without preparation.
Preparation technique with various gradients of
Percoll was carried out according to the following
protocol. Percoll solutions (0.5 ml of 95% and 47.5%)
were gently stacked to a sterile 5 ml Falcon tube (Becton Dickinson, USA); 0.3-0.5 ml of semen was gently
stacked on surfaces of the gradient, and the mixture
was centrifuged at 350 g for 20 minutes at room temperature. Percoll layers were then aspirated and the
remaining semen sediment was collected and diluted
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in 2 ml of F10 (medium of cultured sperm) (Sera and
Vaccines Manufacturing, Lublin). It was then centrifuged at 300 g for 10 minutes at room temperature,
the supernatant was aspirated and the sediment was
diluted in 1 ml of F10.
The induction of acrosome reaction with the calcium ionophore was performed on both group (after preparation with Percoll) and the control group
(without preparation).
We added 10 l calcium ionophores to both tubes
(A 23187 USA Sigma). They were closed and incubated at 37°C for 45 minutes. After incubation, 5 ml
of F10 was added to each tube, and then they were
centrifuged at 300 g for 10 min. The supernatant was
aspirated and 0.5 ml of F10 was added to the remaining sediment to each tube.
The resulting suspension was diluted with 2 ml of
PBS (0.9% buffered physiological saline solution –
Label Sera and Vaccines, Lublin) and centrifuged at
500g for 5 minutes. We added 5 l of human monoclonal anti-CD46 associated with FITC (fluorescein isothiocyanate) to both test tubes, and then mixed with
the sediment by slightly shaking. The suspension was
then incubated in the dark at room temperature for
15 minutes, and then rinsed twice in PBS. The final
sediment was diluted in 1 ml of PBS.
Data acquisition and analysis was performed using
a BD FACSCalibur flow cytometer (FlowCytometryCoreFacility) (Becton Dickinson, USA) equipped
with a 488 nm argon laser and the CellQuest computer software (Becton Dickinson, USA) [26].
For each test sample, we performed an acquisition
of 2x104 cells based on the gate formed in the FSC/
SSC coordinate system (forwardscatter/sidescatter).
Both cells exhibiting positive fluorescence, as well
as mean fluorescence intensity (MFI – mean fluorescence intensity), were assessed, which indirectly
determines the amount of antigen for the examined
cell. The MFI value of the inspected antigen was calculated after subtracting the MFI isotype control. In
order to optimize the settings of the flow cytometer,
we used the Calibrite calibration kit (Becton Dickinson, USA).
The results were statistically analyzed. The values
of the analyzed parameters measured on the ratio
scale were characterized by means of the mean value,

standard deviation, median, 25th and 75th percentile
indicating the range of variation.
To assess the compatibility of decomposition of
tested parameters with normal distribution, we used
the Shapiro Wilk test. Because of the skewed distribution of the tested parameters, we used the Wilcoxon
test to compare results before and after treatment. In
contrast, to investigate the existence of the relationship between the analyzed parameters, we used the
Spearman rank correlation coefficient.
Spearman’s rank correlation coefficient (rho), as
a measure of the direction and strength of the relationship, may assume numerical values within the
range of <−1, +1>. In case of positive value, this
means a directly proportional relationship, while
a negative value – an inversely proportional relationship. The closer the absolute value to 1, the stronger
the relationship.
The inference error was set at 5% and the associated p<0.05 significance level shows the existence of
statistically significant differences or correlations.
Statistical analyses were performed based on the
STATISTICA software v.6.0 (StatSoft, Poland).

Results
When comparing the average percentage of CD46+
sperm between the groups, it was found that higher values are more likely to occur in the group not
subject to preparation than in the control one, with
the difference being statistically significant (Z = 3.07;
p = 0.002). Statistical analysis showed no statistically
significant differences in mean fluorescence intensity of the CD46+ sperm of control group compared
to the values observed in the study group (Z = 0.85;
p = 0.39) (Fig. 1).
When comparing the average sperm density in
both groups, it was shown that it has higher values
in the study group, but these relations were not statistically significant (Z = 1.78; p = 0.07). In the case
of the percentage of sperm pathology of the test
samples involved, higher values were found in the
control group, with these differences being statistically significant (Z = 3.89; p<0.005) (Fig. 2). During
the evaluation of sperm motility, it was shown that
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Fig. 1.

Fig. 2.
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significantly lower values of the average mobility of
type A are in the control group when compared with
the value of the test group (Z = 4.01; p<0.005). In the
case of motility values of
 types B and C, they were
significantly higher in the control group compared to
the test one (Z = 3.4, Z = 3.47; p<0.005). Parameters
such as vitality, HOST and pH did not differ significantly between the two groups.
In the control group, the average higher values
of MFI CD46+ were accompanied by higher VIAB
values, with this relationship being statistically significant (r = 0.59; p = 0.0006). There were no statistically significant correlations between the percentage
of sperm cells CD46+ of the control group and VIAB
(r = −0.36; p = 0.047). In the study group, we found
close significances of the correlations between the average percentage of CD46+ and viability (R = −0.35;
p = 0.055), while in the case of MFI CD46+ this relationship was not statistically significant (R = 0.45;
p = 0.01) (Fig. 3).
In the control and the study groups, we found no
statistically significant correlations between the mean
fluorescence intensity of CD46+ sperm and HOST,
pH, density of sperm, percentage of pathological
sperm count and motility A, B, C.

Discussion
The acrosome reaction of human sperm induced by
calcium ionophore test method described in this
paper is a simple, fast and accurate technique that
can be helpful in the study of the causes of male
infertility [7]. Detection of acrosome reaction in
induced human sperm by means of a flow cytometer, monoclonal antibodies [33] and binding lectins
with acrosome matrix [34,35] has already been described by many authors and considered the most
accurate method of assessing the acrosome reaction [17].
In this research, we used the method for determining sperm acrosome reaction using the CD46
monoclonal antibodies. In their work, Liu et al. and
have shown that there is a correlation between the
acrosome reaction in living sperm and the acrosome
reaction occurring throughout the sample of sperm
after incubation with calcium ionophore [36]. They
showed that there are no significant differences in the
results of the studied acrosome reaction, regardless
of whether the whole ejaculate was subject to the examination or only the living sperm obtained after the
preparation of semen.

Fig. 3.

Fig. 3.
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Our audit was limited to semen samples obtained
from patients with normal sperm parameters. The
previously described by Bohring C. et al. possibility
of antisperm antibodies occurring in normal donors
and the acrosome reaction, induced by the calcium
ionophore, may be inhibited by sperm antibodies
[35]. Therefore, we included only the patients with
negative MAR test in the study.
Many researchers who focused on the sequence of
changes associated with the acrosome reaction [38]
determined that the first phase of the acrosome reaction which can be visualized by means of fluorescence microscopy is associated with the presence of
sperm with an intact acrosome during dyeing.
Calcium ionophore-induced acrosome reaction is
not a physiological process. However, the ARIC test
(acrosome reaction to ionophore challenge) is recommended as a practical test in the diagnosis of infertility, as correlations were found between human
sperm response to calcium ionophore and their ability to fertilize [39].
Flow cytometry is a method that allows not only
the detection of sperm subpopulations where acrosome reaction occurred or not occurred, as well as
a quantitative assessment of their morphology, functions and metabolic parameters. Brook et al demonstrated the existence of two subpopulations of human sperm with a different intracellular pH obtained
upon stimulation of acrosome reaction by means of
calcium ionophore [41]. Differences in the levels of
intracellular calcium levels are described in two subpopulations of cells after the induction of acrosome
reaction of bull and boar sperm [42,43]. It is obvious
that flow cytometry can be of great use in the study
of acrosome reaction mechanisms and its abnormalities, which can affect fertility.
In the present study, we assessed the total acrosome reaction before (control group) and after
(study group) preparation by means of the difference of the concentration gradients using Percoll.
Accordingly, calcium ionophore was utilized as the
inductor of the acrosome reaction, and the monoclonal antibody anti-CD46 – as a marker of acrosome reaction enabling assessment by means of flow
cytometer.

In this study, we have observed statistically significant lower values of pathological sperm in the
study group (40.9%) compared to the control group
(48.5%) and almost statistically significant increase
in the number of sperm in the study group (41.8 million) compared to the control group (39.2 million).
These results are consistent with results obtained by
Nolan J.P. et al. and Carver-Ward J.A. et al. and prove
that preparation of semen was properly conducted
[43,44].
The test results obtained using a flow cytometer
include: the percentage of sperm capable of inducing
acrosome reaction amounted to 36.89% in the control group and 31.57% in the test group. The CD46+
values of the control group were significantly higher
than in the study group (Z = 3.07; p = 0.02). In contrast, the CD46+ MFI values in the control group
was 155.08 and 151.94 in the study group, where
no statistically significant differences were shown in
the test group in comparison to the control group
(Z = 0.85; p = 0.39). In this work, we achieved significantly higher statistical sperm values associated
with the CD46 antibody control group (36.89%)
compared to the corresponding values in
 the study
group (31.57%). This phenomenon can be explained
through the damaging effect of Percoll to the membrane of the acrosome. It can manifest itself in the
decreased number of sperm entering the acrosome
reaction while improving other basic semen parameters such as percentage of morphologically normal
sperm, motility and density.
The present study examined the effects of human sperm preparation by means of the difference
between concentration gradients of Percoll to call
induced acrosome reaction of sperm. Semen quality can be improved during preparation by means
of: removal of immotile sperm, improved morphological and biological parameters and a statistically
significant increase in sperm motility may be the
cause of the decline of induced acrosome reaction
after preparation. Removal of sperm with abnormal
morphological and biological parameters reduces
the likelihood of premature acrosome reaction. From
the standpoint of predicting the chances of fertilization, the amounts of both normal sperm parameters,
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motility, and their ability to acrosome reaction are
crucial.
The results obtained from our research confirm
the rightness of the Pharmacia concern's decision to
ban Percoll in the case of assisted reproduction techniques and explain one of the harmful mechanisms
of this preparation [46,47,48].

Conclusions
•

Preparation of sperm with a gradient of Percoll
significantly improves semen parameters such
as motility, density and percentage of morphologically normal spermatozoa, but negatively
affects the occurrence of the human sperm acrosome reaction.
Preparation of the Percoll gradient is not practical in clinical use.
VIAB is the only practical parameter in the
case of usefulness of classical semen analysis in
predicting the ability of sperm to achieve the
state of capacitation.

•
•
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