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Abstract
Purpose We aimed to compare the expression of phospholi-
pase C ζ (PLCζ), as one of the main sperm factors involved in
oocyte activation, at both RNA and protein levels in fertile
men and those with varicocele.
Methods This study included 35 individuals with male factor
infertility presenting primary infertility with grade II and III
unilateral varicocele and 20 fertile men without varicocele.
Semen parameters were assessed according to WHO 2010.
Sperm DNA fragmentation, relative expression of PLCζ at
messenger RNA, and protein levels were evaluated by sperm
chromatin structure assay (SCSA), real-time PCR, and
Western blot analysis, respectively.
Results The results of this study reveal that the mean relative
expression of PLCζ was significantly lower in individuals
with varicocele compared to fertile men at both transcription
and translation levels. In addition, the percentage of DNA

fragmentation was significantly higher in infertile men with
varicocele compared to fertile men.
Conclusions The findings of the present study illustrate
that one of the etiologies of reduced fertility associated
with varicocele is the low expression of PLCζ. This
effect could subsequently reduce the sperm ability to
induce oocyte activation. Therefore, these results hold
promise to modify our understanding of reproductive
physiology of varicocele state.
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Introduction

Expansion of spermatic veins in the scrotum is termed
Bvaricocele^ and considered as a common cause of male
infertility. The incidence of varicocele was reported from 4
to 30 % in the general population and from 17 to 41 %
among infertile men. Although the association between the
pathophysiology of varicocele and infertility remains un-
clear, some studies have considered varicocele as a possible
defense mechanism for repairing testicular dysfunction,
while others have considered varicocele as a cause of male
infertility due to high incidence of varicocele among infertile
men with low semen quality, reduction of testicular size, and
improvement of semen parameters and pregnancy rates after
surgical repair [1, 2]. At the physiological level, several
hypotheses including hyperthermia and retrograde blood
flow have been explored but at the molecular level, very
little is known [3, 4].

One of the events playing a key role in the initiation of
development is oocyte activation. This phenomenon is medi-
ated by sperm-born oocyte-activating factors (SOAFs) [5, 6].
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Recently, scientists and clinicians have focused on the identi-
fication and introduction of sperm factors involved in oocyte
activation. So far, several factors have been investigated in
different species, and phospholipase C ζ (PLCζ) and post-
acrosomal sheath WW domain-binding protein (PAWP) have
gained the most attention in the mammals. In this regard,
several in vitro studies have revealed that microinjection of
recombinant PLCζ and PAWP into oocytes induces meiotic
resumption, pronuclear formation, and subsequent early em-
bryonic development in mammalian oocytes [7, 8].

Upon oocyte-sperm membrane fusion, PLCζ is released into
the oocyte and interacts with intracellular vesicular
phosphoinositide 4,5-bisphosphate (PIP2). Subsequently, PIP2
is hydrolyzed to form inositol triphosphate (IP3) and diacylglyc-
erol (DAG). Then, IP3 interacts with its receptor on intracellular
stores to induce Ca2+ oscillations. Unlike PLCζ, the exact mech-
anism of PAWP signaling pathway is not well known. It is
proposed that following release of PAWP into the oocyte cyto-
sol, it activates PLCγ through yes-associated proteins (YAPs). It
is likely that PLCγ cleaves membrane PIP2 and thereby induces
Ca2+ oscillations [9, 10]. Recent study by Satouh et al. [11]
shows that PAWP null mice present abnormal morphology but
normal Ca2+ oscillations post insemination and thereby conclud-
ed that PAWP does not play an essential role in mouse fertiliza-
tion. Considering the fact that PAWP is a testis-specific gene,
further studies are needed to confirm its role in spermatogenesis
[11] or its possible co-interaction with PLCζ.

Reduced expression and/or mutations in PLCζ have
been associated with low or failed fertilization in infertile
men following intra-cytoplasmic sperm injection (ICSI)
[12–18]. In addition, Knott et al. [19] showed that sperm
derived from transgenic mice express short hairpin RNAs
targeting PLCζ messenger RNA (mRNA) and present
perturbed patterns of Ca2+ oscillations with lower rate of
egg activation [19]. In the light of these considerations,
we also showed that expression level of PLCζ mRNA
were significantly lower in infertile men with previous
failed fertilization and globozoospermia than fertile indi-
viduals [12]. Other researchers also observed the absence
or low expression of PLCζ protein in infertile men with
globozoospermia and concluded that this factor could be
considered as a prognostic marker of oocyte activation
[12, 18, 20]. Recent studies have demonstrated that sperm
factors involved in oocyte activation are sensitive to heat
treatment or cold shock during freeze-thawing [21, 22].
Considering varicocele is a chronic genital heat stress con-
dition, and this state is associated with low semen quality
and fertility potential, the aim of this study was to com-
pare PLCζ as one of the main sperm factors involved in
oocyte activation at both transcription and translation
levels in men with varicocele and fertile men. In addition,
the effect of varicocele on DNA fragmentation was
assessed.

Materials and methods

Semen collection

This study received the approval of the Institutional Review
Board of Royan Institute. Informed written consent was ob-
tained from each participant. This study included 35 individ-
uals with primary male infertility presenting grade II or III
varicocele (left side) upon palpation which was confirmed
by Doppler duplex ultrasound. Twenty fertile individuals
without any clinical presentation of varicocele, who requested
pre-implantation genetic diagnosis (PGD) for gender selection
for family balancing, were considered as control group.

Semen samples were collected by masturbation into a ster-
ile specimen container following 3–5 days of sexual absti-
nence and allowed to liquefy for a period of 15–30 min at
room temperature. One portion of semen was used for evalu-
ation of sperm concentration, total motility, and morphology
according to WHO [23]. The remaining portion of the semen
sample was washed twice in phosphate buffer saline (PBS; pH
7.4) and used for evaluation of DNA fragmentation, relative
expression of PLCζ at mRNA, and protein levels by sperm
chromatin structure assay (SCSA), real-time PCR, and
Western blot analysis, respectively. All the samples had so-
matic cell count of less than 1 million per milliliter.

Exclusion criteria

Leucocytospermia, azoospermia, seminal sperm antibodies, fe-
ver within 90 days prior to the seminal analysis, abnormal hor-
monal profile, anatomical disorders, testicular size discrepancy,
Klinefelter’s syndrome, cancer, grade I varicocele, recurrent var-
icocele, urogenital infections, previous history of scrotal trauma
or surgery, excessive alcohol, drug consumption, and occupa-
tional exposure to heat were excluded from this study.

Assessment of DNA fragmentation by sperm chromatin
structure assay

Briefly, one to two million sperm were separated from semen
and the final volume was adjusted to 1 ml TNE (Tris HCl
(Merck, Darmstadt, Germany)/NaCl (Merck, Darmstadt,
Germany)/EDTA (Merck, Darmstadt, Germany)) buffer. For
control tube, 1200 μl of acridine orange (Sigma, St. Louis,
USA) staining solution was added to 200 μl of diluted semen
sample, while for test tube, 400 μl acid-detergent solution was
firstly mixed with 200μl of diluted semen sample and after 30 s,
1200 μl of acridine orange staining solution was added to this
mixture. Finally, the percentage of DNA fragmentation was
assessed by a FACSCalibur flow cytometry (Becton
Dickinson, San Jose, CA, USA). A minimum of 10,000 sperm
were examined and analyzed using BD CellQuest Pro software
[24].
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Assessment of PLCζ expression by real-time PCR

RNA extraction and complementary DNA synthesis

The procedure of RNA extraction and complementary DNA
(cDNA) synthesis was according to Aghajanpour et al. [12].
Total RNA from washed samples in both fertile and infertile
individuals was extracted using Trizol (Ambion, Burlington,
Canada). The integrity of extracted RNAwas evaluated by aga-
rose electrophoresis, and final concentration was assessed by
measuring absorbance at 260 nm. To eliminate possible contam-
ination of genomicDNA, RNA-containing samples were treated
with DNase I (Fermentas, Burlington, Canada). First-strand
cDNA synthesis was carried out using 2 μg of total RNAwith
the RevertAid First Strand cDNA Synthesis kit (Takara, Otsu,
Japan) according to the manufacturer’s protocol [12].

Quantitative real-time PCR analysis

Real-time PCR was carried out according to the manufacturer’s
protocol (Takara, Otsu, Japan) in a thermal cycler step one plus
applied Biosystems (ABi). The PCR mixture for each reaction
contained 10 μl SYBR premix Ex Taq II (Takara, Otsu, Japan),
1 μl of each primer (5 pmol/μl), and 50 ng cDNA adjusted to a
final volume of 20 μl using dH2O. All reactions were carried out
in triplicate. Real-time specific primer pairs were designed by
the Beacon designer 7.5. The primers used were previously
designed as PLCζ (forward: 5′-CAGATGCCTTGTTC
AGTTATTGTC-3′; reverse: 5′-GCCTTCATTTCCTA
CGGGTTG-3 ′ ) and GAPDH ( forward: 5 ′ -CCAC
TCCTCCACCTTTGACG-3 ′ ; r eve r se : 5 ′ -CCAC
CACCCTGTTGCTGTAG-3′). The real-time PCR protocol
composed of the following: 30 s at 95 °C followed by 40 repet-
itive cycles for 5 s at 95 °C, 10 s at 60 °C for PLCζ, and
GAPDH, and then 30 s at 72 °C. The expression level of
PLCζ mRNA was normalized to GAPDH expression level as
a housekeeping gene. Calculation of relative expression was
demonstrated as 2−ΔΔCt as previously reported [12].

Assessment of PLCζ expression by Western blot

Protein was extracted from washed samples using TRI Reagent
(Sigma-Aldrich; USA). Protein concentration of each sample
was estimated by Bradford assay (Bio-Rad; USA) to determine
total protein load per each lane. Equal amounts of each sample
containing 40 μg of protein were subjected to 12 % SDS-
polyacrylamide gel electrophoresis (PAGE) and then transferred
to PVDF membrane (Bio-Rad; USA). The membranes were
blocked with 5 % skim milk (Merck, USA) and polyclonal
anti-phospholipase C zeta (PLCζ) antibody (1:32,000,
Covalab, France) and monoclonal anti-glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), clone 6C5 (1:5000,
Millipore, USA) were used as specific primary antibodies.

After washing three times, secondary antibody used for PLCζ
was horseradish peroxidase (HRP)-conjugated goat anti-mouse
IgG (Dako, Japan) and for GAPDH was anti-rabbit IgG (Dako,
Japan). After washing three times, target protein bands were
detected with an Amersham ECL Advance Western Blotting
Detection Kit (GE Healthcare, Germany). The fire reader
(Uvitec, Cambridge) was used for recording chemiluminescence
images. Densitometric analysis of the images was performed by
Quantity One Software v 4.6.9 (Bio-Rad, Munchen, Germany).
Results were expressed as mean relative intensity [20].

Results

Routine semen analyses were performed on 20 fertile men and
35 individuals with varicocele according to the World Health
Organization [23]. Table 1 shows the descriptive of semen pa-
rameters in individuals with varicocele and fertile men. The
mean of sperm concentration (38.82 ± 6.87 vs. 86.16 ± 9.10),
total sperm count (106.97 ± 14.38 vs. 498.99 ± 74.16), percent-
age of spermmotility (46.99 ± 3.45 vs. 58.61 ± 4.27), and semen
volume (3.20 ± 0.31 vs. 5.71 ± 0.53) were significantly lower in
infertile men with varicocele compared to fertile men. In addi-
tion, the percentage of abnormal sperm morphology (96.66 ±
0.29 vs. 95.65 ± 0.29) was significantly higher in infertile men
with varicocele compared to fertile men.

Sperm DNA fragmentation was assessed by the SCSA
technique and compared between two groups. As shown in
Fig. 1, the percentage of sperm DNA fragmentation was sig-
nificantly higher in individuals with varicocele compared to
fertile men (16.46 ± 1.47 vs. 11.75 ± 1.17; p = 0.02).

PLCζ was detected by real-time quantitative PCR (qPCR)
and Western blot techniques at RNA and protein levels, re-
spectively. Figure 2 shows that the mean relative expression of
PLCζ was significantly lower in individuals with varicocele
(0.54 ± 0.14 (p = 0.002)) compared to fertile men (1.32 ±
0.18) at RNA level. Western blot for sperm PLCζ is shown
in Fig. 3. Mean relative expression of PLCζ at protein level
was significantly lower in individuals with varicocele (0.66 ±
0.08 (p = 0.01)) compared to fertile men (1.00 ± 0.07). We
analyzed the association between the percentage of DNA frag-
mentation and the relative expression of PLCζ in individuals
with varicocele and fertile men. Significant correlation was
not observed between these parameters.

Discussion

Maintaining the temperature difference between the body and
testes is essential for normal spermatogenesis process, and mul-
tiple human studies have confirmed that thermoregulatory fail-
ure is one of the major factors that can disturb sperm quality and
increase the risk of infertility in individuals with varicocele [25,
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26]. In addition to thermoregulatory failure, hypoxia due to ve-
nous stasis, high levels of oxidants, anti-sperm antibodies, reflux
of renal and adrenal metabolites down the spermatic vein, and
dilution of intra-testicular substrates, such as testosterone, were
proposed to explain impairments in testicular function resulting
from varicocele [27, 28]. However, to gain more insight into
molecular pathology of varicocele, evaluation of various metab-
olites, transcripts, and proteins in sperm may pave the way for
better understanding the molecular pathology of varicocele.

Numerous studies have shown that heat stress decreases
testicular DNA polymerase activity, Sertoli cell function, and
testosterone production while increases reactive oxygen spe-
cies (ROS) and apoptosis in individuals with varicocele [28].
In addition, it alters the expression profiles of many genes [4,
29, 30]. In this regard, we previously showed high expression
of heat shock 70 kDa protein 2 (HSPA2) in testicular tissue
and caudal segment of epididymides in rat varicocele model
[31]. In addition, heat stress in a form of cold shock during
freeze-thawing also can reduce concentrations of some sperm
proteins such as glutathione [32] and PLCζ [22]. PLCζ is
predominantly localized in equatorial, acrosomal, and post-
acrosomal segments of the sperm [13, 33, 34]. It is likely that

loss of integrity of sperm membranes may result in loss and
altered distribution of PLCζ [21]. Considering the role of
PLCζ in oocyte activation, we assessed the expression of
PLCζ in individuals with varicocele. The results of the current
study show that mean relative expression of PLCζ at both
RNA and protein levels was significantly lower in individuals
with varicocele compared to fertile individuals. Our results
were in agreement with research from Swann’s group that
showed PLCζ is sensitive to relatively mild heat treatment
and heat-treated sperm induce lower mean number of Ca2+

oscillations. This phenomenon is likely to account for lower
rate of oocyte activation and poor embryo development fol-
lowing intra-cytoplasmic sperm injection (ICSI). They further
showed that this effect can be rescued by co-insemination of
heat-treated sperm with recombinant human PLCζ protein
[22]. This is consistent with our finding that reduction of
PLCζ may be due to chronic heat stress condition in individ-
uals with varicocele which results in lower transcription and
translation of this PLCζ.

In this study, the relative expression of PLCζ was assessed
in relation to reference gene GAPDH at both mRNA and
protein levels. A study of background literature using quanti-
tative PCR or microarray analysis reveals that testis-specific
genes or genes with enhanced expression in the testis, such as
HSPA2, SPAG11, protamines 1 and 2, MTIM, PHLDA1,

Table 1 Descriptive of semen
parameters in fertile individuals
and men with varicocele

Parameters Fertile group (n = 20) Varicocele group (n = 35) p value
Mean + SE

Sperm concentration (106/ml) 86.16 ± 9.10 38.82 ± 6.87 0.00

Sperm motility (%) 58.61 ± 4.27 46.99 ± 3.45 0.048

Progressive motility (%) 2.97 ± 38.47 23.80 ± 2.01 0.00

Abnormal sperm morphology (%) 95.65 ± 0.29 96.66 ± 0.29 0.02

Volume (ml) 5.71 ± 0.53 3.20 ± 0.31 0.00

Total count (106/ejaculate) 498.99 ± 74.16 106.97 ± 14.38 0.00
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Fig. 1 Comparison of percentage of sperm DNA fragmentation between
fertile individuals and men with varicocele. *p < 0.05, significant
differences
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Fig. 2 Comparison of relative expression of PLCζ at both the RNA and
protein levels between fertile individuals and men with varicocele.
*p < 0.05, significant differences
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INSL3, and CCIN, are upregulated or downregulated upon
exposure to heat stress, as in varicocele condition [31, 35].

One reason for this altered expression might be related to
common transcription factors, such as CREM required for the
expression of these genes during spermatogenesis [35, 36]. In
regard to this, Kimmins et al. stated that CREM knockout mice
are infertile and spermatogenesis is arrested at round spermatid
stage. They concluded that Binfertility in these mice is attributed
to the lack of expression of key post-meiotic genes required for
differentiation such as protamine 1 and 2, transition proteins 1
and 2, proacrosin and calspermin among others^ [36].
Therefore, reduced expression of PLCζ could be the conse-
quence of a similar phenomenon. Another reason for reduced
expression of PLCζ could be related to oxidative stress. DNA
and RNA are common targets of reactive oxygen species [37]
which might have a critical effect on embryo quality and preg-
nancy rates in IVF/ICSI treatments [38–40] and increased upon
heat stress or in varicocele condition [30, 41].

Therefore, in order to evaluate the relation between PLCζ
expression and ROS, we concomitantly assessed the degree of
DNA damage in these individuals. As expected and in agree-
ment with background literature [42–44], the mean percentage
of sperm DNA fragmentation was higher in individuals with
varicocele compared to fertile men. In addition, Park et al. [45]
demonstrated a significant correlation between the expression
of PLCζ and the DNA oxidation status assessed using 8-
hydroxy-2-deoxyguanosine in human spermatozoa [45].
Unlike Park et al., we did not observe a correlation between
the sperm DNA fragmentation assessed by the SCSA tech-
nique and PLCζ expression. The difference may be related
to the bases of the two assays, as one directly measured
DNA oxidation while the other one assessed the ability of
sperm to undergo denaturation. Furthermore, ROS, in addition
to reducing the expression of PLCζ, may also modify the
functionality of enzymes.

Similar to previous studies, we observed that mean sperm
parameters such as sperm concentration, count, motility, semen
volume, andmorphology were significantly lower in individuals
with varicocele compared to fertile men. It is important to note
that for the assessment of PLCζ at RNA and protein level, we
needed high number of sperm; therefore, one limitation of our
study was the exclusion of individuals with varicocele with poor
semen analysis. This may indicate that reduced expression of
PLCζ may be even more severe in varicocele individuals with
higher rate of sperm anomalies.

Considering the fact that the expression of PLCζ is reduced
in varicocele state, therefore, in these individuals, if spermatozoa
find the chance of penetrating an oocyte, it has a lower chance to
induce oocyte activation. Therefore, varicocelectomy which im-
proves sperm quality may also improve the expression of PLCζ.
From this study and previous studies, we concluded that if cou-
ples with advance varicocele do not want to undergo surgery and
aim for ICSI procedure, they may face lower fertilization rate,
since the degree of expression of PLCζ is reduced in these
individuals. Therefore, it would be better for these couples to
opt for ICSI along with artificial oocyte activation [12, 18]. In
this regard, some studies have demonstrated that fertilization
rates were significantly lower in individuals with varicocele can-
didate for ICSI compared to individuals with varicocele that
underwent varicocelectomy [46, 47].

Conclusion

The results of this associative study show that the expression
of PLCζ is lower in individuals with varicocele and may ac-
count for lower reported rate of fertilization in these individ-
uals but we could not differentiate whether this effect is related
to infertility state or state of varicocele. However, a clinical
conclusion which can be derived from this study is that cou-
ples whose partner presents clinical grade I or III varicocele
and does not want to undergo surgery and want to undergo
ICSI may benefit from artificial oocyte activation and antiox-
idant therapy.
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