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Evaluation of PAWP and PLCC Expression in Infertile Men with Previous ICSI Fertilization Failure

Nahid Azad', Hamid Nazarian', Leila Nazari?, Marefat Ghaffari Novin®*, Abbas Piryaei'’, Mohammad Hassan

Heidari', Reza Masteri Farahani', Seyedeh Susan Sadjadpour®

Purpose: The aim of this study was to evaluate postacrosomal sheet WW domain binding protein (PAWP) and
phospholipase C { (PLC{) protein expression in patients with fertilization failure.

Materials and Methods: Semen samples were collected from 15 fertile men (control group) and 15 patients with
previous fertilization failure following ICSI (FF group) and were analyzed according to World Health Organiza-
tion (WHO) criteria. The mean percentages of PAWP and PLC( positive sperm and the total level of PAWP and
PLCC proteins were assessed using immunofluorescence staining.

Results: A significantly lower level and lower percentage of PAWP positive sperm in patients with fertilization
failure was found compared to the control group (P = 0.01 and P = 0.03, respectively). The mean percentage of
PLCC positive sperm and level of PLC protein were significantly lower in FF group compared to the control group
(P =0.0003 and P = 0.04, respectively). Significant positive correlations was observed between PAWP and PLC{
positive sperms (r = 0.4, P = 0.008) and also total level of expression of PLC( and PAWP proteins (r = 0.4, P =
0.02) in all participants in the study.

Conclusion: This is the first study that evaluates two main candidates for sperm-borne oocyte activating factors
(SOAFs) simultaneously in patients with fertilization failure. Considering lower expression of PAWP and PLC{
proteins in such patients, it seems like both factors might have the potential to be considered as SOAFs and diag-
nostic markers for the oocyte activation ability.

Keywords: fertilization failure; infertility; intra-cytoplasmic sperm injection (ICSI); phospholipase C { (PLCQ);
postacrosomal sheet WWI domain binding protein (PAWP).

INTRODUCTION
nfertility is a common clinical problem which affects

and clinical evidence."” However, PAWP also appears
to have the appropriate conditions to be considered as

men and women in the world”. Approximately, 60%
of infertile couples directly or indirectly suffer from
male infertility®. Intra-cytoplasmic sperm injection
(ICSI) is mainly used for male factor infertility such as
suboptimal semen parameters® which is considered to
be the most successful treatment for male infertility®®.
Although the rate of fertilization as a result of ICSI is
high (70-75%)", it is reported that 1-3% of ICSI cy-
cles still fail*®. The main cause of fertilization failure
foll((G)\;;ling ICSI is suggested to be oocyte activation fail-
ure®”.

Oocyte activation is a series of programmed events fol-
lowing fertilization that gets ready an oocyte to undergo
cell division”. The activation impetus normally arises
after the entrance of sperm borne oocyte activating fac-
tor (SOAF) into the oocyte®. Several candidates have
been proposed as the SOAF for several years. Phospho-
lipase C C (PLC() and postacrosomal sheet WW do-
main binding protein (PAWP) are two main candidates
under challenge®”. PLC( is the most critical candidate
responsible for oocyte activation in several biochemical

a strong candidate for SOAF""'?. Microinjection of
PLCC (mRNA or recombinant protein) into oocyte can
elicit calcium oscillations in failed oocyte activation'*
9. Although injection of PAWP (cRNA or recombinant
protein) caused calcium oscillations and pronuclear for-
mation in human and mouse oocytes"”; other studies
showed that mouse and human PAWP recombinant
protein and cRNA were unable to stimulate calcium re-
lease in mouse oocytes'*'”,

However, several studies have reported that patients
with fertilization failure may represent PLCC deficien-
cy, abnormal localization patterns and low expression
of PLCC protein>'***, there is a scarcity of studies
regarding PAWP as another SOAF candidate among
those patients. Thus, we evaluate both PLC{ and PAWP
proteins in patients with previous failed fertilization fol-
lowing ICSI compared to fertile men.

MATERIALS AND METHODS

Materials
A PLC rabbit polyclonal antibody (LS-C144827) and
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Table 1. Descriptive analysis of semen parameters in two groups

Variables Control group (n=15) FF group (n=15)

60 +23.2 [25-95]
56.3 % 14.6 [40-90]
44+1.7[2-8]

28.7 +22.4 [5-80]
40 +27.2 [0-90]
23+2[0-8.5]

Sperm concentration (x10°) mean+SD [range]
Sperm motility (%) mean + SD [range]
Normal morphology (%) (mean + SD [range]

Abbreviation: FF; fertilization failure.

PAWP rabbit polyclonal antibody were obtained from
LifeSpan BioSciences (USA) and Proteintech (UK), re-
spectively. Ham's F-10, normal goat serum, DPBS and
para-formaldehyde were purchased from Sigma-Aldrich
(Germany). anti-rabbit IgG H&L (Alexa Fluor ®555)
(ab150082) was from Abcam Company (UK).

Study population

This study was performed on 30 men undergoing ICSI
cycles in the IVF center, Taleghani hospital (RIF clin-
ic), during March 2015 to April 2017. The study was
permitted by Ethics Committee of Shahid Beheshti Uni-
versity of Medical Sciences, Tehran, Iran and written
informed consent was obtained from all participants
prior to the study.

Inclusion and exclusion criteria

Low fertilization (< 25 %) to complete fertilization fail-
ure after at least one cycle of ICSI was the inclusion cri-
teria for the patients, independent to sperm parameters
(group FF, n = 15). Fertile control men with no history
of infertility who had fathered children without the use
of assisted reproductive techniques (ART) and referred
to the clinic for sex selection via preimplantation genet-
ic diagnosis (PGD) were considered as control group
(group control, n = 15). Any history of female factor
infertility, age > 35 years in females, and any history
of trauma or surgery in testis were exclusion criteria for
the participants.

Semen analysis

The semen samples were gathered by masturbation
following 2-5 days of abstinence. After complete lig-
uefaction, sperm concentration, motility, and morphol-
ogy were assessed under light microscopy according
to World Health Organization criteria (WHO)®". After
washing the semen using swim up technique, sperms
were used for immunofluorescence staining and PLCC,

PAWP Merged Bright field

Figure 1. Immunofluorescence staining of PAWP protem and
DAPI in sperm cells from control group (A-C) and FF group (D-F)
(A, D= PAWP; B, E= merged image of DAPI and PAWP; C, F =
bright field). Error bar = 10pum.

Control group

FF group

and PAWP protein expression were assessed in sperm
from control and FF groups.

Swim-up technique

After centrifuging the semen, a pellet was prepared via
removal of seminal plasma. The pellet was suspended
in Ham’s F10 (1 mL) supplemented with 10% human
serum albumin. After centrifugation, the pellet was
over layered with Ham’s F10 supplemented with 10%
human serum albumin and incubated in incubator at
37°C for 1 hour. Finally, the supernatant was taken and
washed sperms used for further evaluations.

PLCZ; and PAWP immunofluorescence staining
PLCC and PAWP immunofluorescence staining was
performed as previously described,"®'®*? with some
modifications. Briefly, after smear preparation on mi-
croscopic slide, sperms were fixed with freshly-made
paraformaldehyde 4% in PBS for 10 minutes, and per-
meabilized with 0.2% Triton x-100 in PBS for 10 min-
utes on ice. After washing, unspecific antigen bindings
were blocked with 5% normal goat serum in PBS for
1 hour at 37°C, and incubated in primary antibodies;
the PLC{ rabbit anti-human polyclonal antibody and
PAWP rabbit polyclonal antibody overnight at 4°C. Af-
ter washing, sperms were incubated with secondary an-
tibody goat anti-rabbit IgG H&L (Alexa Fluor ®555) at
room temperature for 1 hour (light protected), and then
washed three times for 5 minutes with washing buffer.
After staining of sperm nuclei with DAPI (10pg/mL),
the slides were rinsed and mounted.

Immediate after mounting, slides were visualized un-
der a Nikon fluorescence microscope at x20 magnifi-
cation at an exposure time of 1second and images were
captured using Nikon camera. Afterwards, PLC{ and
PAWP protein expression were assessed via analysis of
the percentages of sperm exhibiting PLC{ and PAWP
immunofluorescence (the percentages of PLC{ and
PAWP positive sperm), and also quantitative analysis
of total PLC{ and PAWP immunofluorescence in the
sperm head. Two hundred sperms were analyzed in
each subject and results were recorded. Figures 1 and
2 represent samples of sperms were stained with PLCC
and PAWP immunofluorescence procedure and coun-
terstained with DAPI.

Statistical analysis

Prism 6/Graph-Pad software (San Diego, CA, USA)
was used to perform all the statistical analyses. The
normality of distribution of variables was tested first
and then independent sample 7-test and non-paramet-
ric tests were used for comparison of PLC{ and PAWP
expression between groups. In addition, the correlation
between PAWP and PLCC expression was calculated
using the Pearson or Spearman correlation tests accord-
ing to normality of data. The level of significance was
P <0.05.

Vol 15 No 03 | May-June 2018 |39



PAWP and PLCC in fertilization failure-Azad et al.

PLCY

Merged Bright field

Control group

FF group

Figure 2. Immunofluorescence staining of PLCC protein and DAPI
in sperm cells. Panels a-c show sperm from control group and Pan-
els d-f represent sperm from FF group (a, d= PLCC; b, e= merged
image of DAPI and PLC(; c, f = bright field). Error bar = 10um.

RESULTS
Semen samples were collected from fifteen fertile

control men aged 27 to 39 years (32.8 + 1) (mean +
SEM), and fifteen patients aged 25 to 38 years (31.7
+ 0.9) (mean = SEM) after at least one cycle with low
fertilization or complete fertilization failure. Routine
semen analysis was performed according to WHO cri-
teria. Table 1 shows the basic sperm characteristics of
participant samples. The mean of sperm concentration
(x10%mL) (28.7 + 22.4 vs 60 £ 23.2) (mean + SD), the
percentage of total motility (40 = 27.2 vs 56.3 + 14.6)
(mean + SD), and the percentage of normal sperm mor-
phology (2.3 £2 vs 4.4 £ 1.7) (mean + SD) were signif-
icantly lower in FF group compared to control group.
PLCC and PAWP were detected by immunofluores-
cence staining and PLCC, and PAWP protein expression
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were assessed in sperm from control and FF groups. As
shown in Figure 3A, the mean percentage of PAWP
positive sperm was significantly lower in FF group
(62.7 £ 20.1) (mean + SD) compared to control group
(80.3 = 21.3) (mean = SD) (P = 0.03). Likewise, we
found a significantly lower percentage of PLC( positive
sperm in FF group (58.4 + 25) (mean + SD) compared
to control group (87.6 = 9.8) (P = 0.0003) (mean + SD)
(Figure 3C).

Quantitative immunofluorescence analysis revealed
that total levels of PAWP was significantly lower in
group FF compared to group control (P = .01) (Figure
3B). As displayed in Figure 3D, total levels of PLC(
in FF group was significantly lower when compared to
control group (P = .04).

The correlation between percentages of PLC({ and
PAWP positive sperm, and total PLC{ and PAWP
levels was calculated. Spearman correlation analysis
demonstrated a significant positive correlation between
the percentages of PLCC positive sperm and PAWP
positive sperm in all individuals (r= 0.4, P =.008) (Fig-
ure 4A). Moreover, a significant positive correlation
was found between total level of expression of PLC(
and PAWP proteins in all participants in the study (r =
0.4, P = .02) (Figure 4B).

DISCUSSION

In the present study, we assessed the expression level
of PLCC and PAWP proteins simultaneously in infertile
men with previous fertilization failure for the first time
and found lower expression of both PAWP and PLC(
proteins in such patients. In addition, we showed posi-
tive significant correlations between PLC{ and PAWP
expression (both percentage of positive sperm and total
level) in all individuals.

The main cause of fertilization failure following ICSI
is considered to be the failure of oocyte activation®.
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Figure 3. Comparison of the mean percentages of PAWP and PLCC positive sperm and the total level of PAWP and PLCC proteins ex-
pression between FF and control groups (A-D). *P < 0.05, and ***P < 0.001 significant differences.
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Figure 4. Correlations between the mean percentages of PAWP and PLCC positive sperm (r = 0.4, P = 0.008) (A), and the total level of

PAWP and PLCC proteins expression (r = 0.4, P = 0.02) (B).

Oocyte activation occurs when spermatozoa releases
an oocyte-activating protein into the oocyte, trigger-
ing calcium oscillations via phosphoinositide signal-
ing pathway®”. Currently, there are conflicting reports
about which SOAF (s) is (are) responsible for calcium
oscillations. Indeed, identifying the real SOAF (s) has
been an important goal for researchers in recent years
(21310 pLCL and PAWP have been identified as two
major SOAF candidates under study®; Indeed, iden-
tifying the real SOAF as a potential predictor of suc-
cessful fertilization has been a key aim for researchers
especially in the field of clinical research ®¥. Although
PLCC deficiency in fertilization failure is demonstrat-
ed in several clinical studies,"*'**?, there is scarcity of
data on the expression of PAWP in patients with ferti-
lization failure.

The PAWP protein is a component in the postacroso-
mal sheath of perinuclear theca (PAS-PT) of sperm
head which is accumulated during spermatogenesis
and diffused into the oocyte cytoplasm after fertiliza-
tion. Blocking of calcium oscillations after injection of
PAWP competitive peptides indicates PAWP role in
oocyte activation'"*”, In the current study, assessment
of PAWP expression level using immunofluorescence
staining demonstrated that the percentage of PAWP
positive sperm as well as the total levels of PAWP in FF
group were significantly lower than the control group
(Figure 3, A-B). In line with our study, Aarabi et al. re-
ported significant positive correlations between expres-
sion of PAWP with fertilization outcomes in patients
undergoing ICSI and suggested PAWP levels in sperm
as a predictive value for oocyte activation capability®.
Recently, a study published by Freour et al. reported
no correlation between mRNA and PAWP protein with
fertilization rate in patients without previous ICSI cy-
cles“® which is in contrast to our results. The reason
might be the differences in baseline characteristic of
people studied in their report compared to the present
study.

In this study, we displayed lower percentage of PLC(
positive sperm and lower expression of this protein in
patients with previous fertilization failure compared
to control group (Figure 3 C-D) which was consist-
ent with prior studies"*'**”. Accordingly, Yoon et al.
showed that sperm from the patients with repeated ICSI
failure was deficient in PLCC protein compared to fer-
tile men"?. In the other study that was conducted by
Kashir et al., lower PLC( protein, lower proportion of

PLCC positive sperm and abnormal localization pat-
terns were verified in patients suffering from oocyte
activation deficiency (OAD). However, due to the sig-
nificant variance in total levels of PLC(, some patients
with failed fertilization showed similar amount of the
protein compared to fertile men which may limit the
predictive value of quantitative immunofluorescent
analysis for oocyte activation capability®®. In addition,
Patients with history of failed fertilization and normal
semen parameters may show PLC( deficiency.'®"”

In accordance to our results, Yelumalai et al. found that
the rate of fertilization is correlated with PLC{ expres-
sion at the level of protein, localization patterns, and
the percentage of PLC( positive sperm®”. However,
in a study was performed by Ferrer-Vaquer et al., no
significant difference of PLC localization pattern and
level of expression was observed between patients with
previous fertilization failure and fertile men. The au-
thors explained that normal PLC{ expression is an es-
sential but not a guarantee and sufficient factor for the
correct oocyte activation necessarily®. Therefore, the
assessment of other SOAF candidates in patients with
fertilization failure can help us for better understanding
of the problem. In the present study, we assessed both
PAWP and PLC( proteins in patients with fertilization
failure and found lower expression of both PAWP and
PLCC proteins in those patients. Overall, our results are
in agreement with a recent study investigating the cor-
relation between expression of three potential factors
including PLCE, PAWP, and TR-KIT with fertilization
rate and found significant positive correlation between
them in patients subjected to ICSI. The authors also re-
ported significant positive correlations between the per-
centage of PAWP positive sperm with PLC{ and TR-
KIT®”. In another study, positive correlation between
PLCC and PAWP at protein levels is demonstrated in
globozoospermic men®”. Similar to these studies, we
also showed that total level and percentage of PAWP
positive sperm are correlated with PLCC significantly.
In agreement with previous studies indicating similar
level of PLCC expression in some control and patients
with fertilization failure®*®, in this study we observed
surprisingly equal PAWP protein expression in some in-
dividuals in the control and FF groups (Figure 3 A-B).
Taken together, to the best of our knowledge, this is
the first report evaluating two major SOAF candidates
simultaneously in patients with fertilization failure. We
showed lower expression of both PLCE and PAWP pro-
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teins and significant correlation between these factors
in the patients. It seems both factors might hold the po-
tential to be considered as SOAFs and diagnostic mark-
ers for oocyte activation ability.
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