
Phospholipase C zeta and
oocyte activation defects:
moving toward the objective
identification of patients
eligible for artificial
oocyte activation

Oocyte activation deficiency (OAD) seems to be the main fac-
tor contributing to poor or total fertilization failure in assisted
reproductive technology cycles. The phenomenon occurs in
�1%–5% of intracytoplasmic sperm injection (ICSI) cycles
and usually recurs. Under normal conditions, oocyte activa-
tion involves morphologic and biochemical changes that
allow the oocyte to complete meiosis and initiate embryogen-
esis. The process is triggered by sperm factors and is mostly
dependent on the increase in cytosolic free Ca2þ level, which
occurs as a prolonged sequence of repetitive Ca2þ transients,
known as Ca2þ oscillations.

Some soluble sperm-derived molecules, including phos-
pholipase C zeta (PLCz), can diffuse into the oocyte cytosol
and promote Ca2þ oscillations via the inositol 1,4,5-trisphos-
phate (InsP3) signaling pathway. PLCz is a testis-specific PLC
present as an RNA in spermatids and only found as a protein
in mature sperm. Current data indicate that OAD relates to a
disrupted PLCz activity caused by abrogated, reduced, or
aberrant forms of PLCz. Such deficiencies have been associ-
ated with both evident (e.g., globozoospermia) and subtle
(eg., mutant forms of the protein found in normozoospermic
infertile men exhibiting poor oocyte-activating ability) sperm
abnormalities.

The assessment of PLCz activity has gained increased in-
terest owing to its potential clinical value for providing labo-
ratory evidence of PLCz deficiency and selecting candidates
for artificial oocyte activation (AOA). However, the existing
diagnostic methods have yielded conflicting results regarding
PLCz localization pattern and quantification level. In this
issue of Fertility and Sterility, Meng et al. provide further ev-
idence supporting the clinical utility of PLCz testing to guide
AOA (1). Using an in-house immunofluorescence-staining
PLCz assay, the authors screened infertile couples suspected
of having OAD, including those with a history of total fertil-
ization failure, low fertilization rate (<50%), and recurrent
fertilization failure in IVF/ICSI cycles.

After PLCz quantification, patients were divided accord-
ing to the mean levels of PLCz in sperm and the proportion of
sperm exhibiting PLCz. The data were then compared with
that of a control group composed of fertile men. Meng et al.
found that�80% of couples with a suspected OAD had either
reduced PLCz, namely, sperm with low PLCz levels or low
proportions of sperm exhibiting PLCz, or deficient PLCz,
when both of the above defects were combined. While their
findings confirm previous observations of a strong associa-
tion between PLCz and OAD, the authors added to the litera-
ture by investigating the effect of AOA in patients with the
most severe PLCz defect, namely, PLCz deficiency; these pa-
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tients composed 40% of their patient population. The subset
of patients who agreed to undergo ICSI with the use of AOA
(AOA-ICSI) achieved significantly higher fertilization rates
than those recorded in previous cycles without AOA.

Interestingly, although this study showed that PLCz defi-
ciencies relate to abnormal sperm morphology, e.g., globo-
zoospermia, three of five patients undergoing AOA-ICSI had
semen parameters within normal ranges, thus suggesting
that conventional semen analysis alone is unable to deter-
mine who might benefit of PLCz testing or AOA. The authors
established cutoff values based on the mean PLCz level in
sperm and the proportion of sperm containing PLCz to objec-
tively identify patients with PLCz-related OAD who could
potentially benefit from AOA-ICSI.

We commend the authors for conducting such an elegant
study and discuss some of its limitations below. First, most
patients (�60%) had the less severe form of PLCz defect,
i.e., reduced PLCz, but unfortunately, none of those patients
underwent AOA-ICSI. Although fertilization and live births
were obtained without the use of AOA in three couples of their
cohort of patients with reduced-PLCz, their findings could be
explained by the random pickup of sperm containing
adequate PLCz. Thus, we believe it is also essential to investi-
gate the effect of AOA-ICSI in patients with reduced PLCz to
better understand the potential value of PLCz testing as guid-
ance for AOA.

Second, although the assay developed by Meng et al. (1)
provides laboratory evidence of PLCz abnormalities, many
technical questions concerning its diagnostic accuracy
remain unanswered. For example, it is not clear if the number
of cells assayed is large enough to provide an accurate estima-
tion of the PLCz status. It is also uncertain whether ejacula-
tory abstinence, and particularly sperm viability, which was
not controlled for, affect PLCz results. The latter is critical
because dead sperm do not usually exhibit the characteristic
staining pattern. In addition, the assay has limitations
regarding patient eligibility: individuals with low sperm
counts and those who had sperm surgically retrieved are
not eligible for testing. Thus, even with further refinements,
the PLCz testing described by Meng et al. might not be infor-
mative in patients with nonobstructive azoospermia—with
testicular sperm available for ICSI—because PLCz expression
only initiates at the final germ cell differentiation stages.
Despite understanding the complexity of validating a cell-
based fluorescence diagnostic method, we think the above is-
sues have to be discussed further before the implementation
of PLCz testing in clinical settings.

The study by Meng et al. (1) also raises intriguing clinical
questions. For example, why did AOA-ICSI fail to improve
fertilization in some PLCz-deficient patients? An exemplary
PLCz-deficient case involving a globozoospermic patient il-
lustrates this scenario; in this case, the fertilization rates re-
mained virtually unchanged after AOA-ICSI. In their study,
AOA was carried out with the use of Ca2þ ionophore. Unlike
the typical physiologic Ca2þ oscillations triggered by PLCz,
Ca2þ ionophores are synthetic chemicals that induce a single
large Ca2þ transient. Concerns exist that Ca2þ ionophores
might be insufficient to promote adequate oocyte activation.
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In contrast, the latest research has focused on the use of re-
combinant PLCz as a physiologic alternative to overcome
OAD. Preliminary results have shown that AOA with the use
of recombinant PLCz can rescue failed oocyte activations;
however, its safety and potential adverse effects for embryo-
genesis and resulting offspring are unknown (2). Neverthe-
less, there is a remarkable variation in patient response to
oocyte activation with recombinant PLCz, as measured by
Ca2þ oscillations, thus suggesting that PLCz might not be
the only critical factor for oocyte activation. In fact, trans-
genic knockout mice for PLCz, generated with the use of
CRISPR/Cas technology, can produce viable offspring, albeit
with low efficiency (3). It is, therefore, plausible that other
sperm-associated proteins act in synergy with PLCz to trigger
fertilization and early embryogenesis events. Moreover,
oocyte factors, including nuclear and cytoplasmic maturation
events, may also play a role during the activation process.

While waiting for PLCz assay refinements and further
validation, as well as more clinical data concerning the use
of recombinant PLCz, we believe AOA with Ca2þ ionophore
could be considered in patients with a history of repeated (to-
tal/low) fertilization failure regardless of whether a PLCz defi-
ciency has been identified or assessed. Along these lines,
AOA-ICSI could be also considered in patients with nonob-
structive azoospermia owing to the suboptimal fertilization
rates after testicular sperm injections. (4). On one hand, the
current evidence concerning AOA safety in humans is reas-
suring, but data is minimal. On the other hand, mammalian
studies suggest that the monotonic Ca2þ release triggered
by Ca2þ ionophore might have epigenetic, mutagenic, and
cytotoxic effects on embryogenesis (5). Naturally, patients
should be fully informed about the advantages and risks of
AOA-ICSI, and the need for preimplantation genetic testing
for aneuploidy should be discussed.
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You can discuss this article with its authors and other
readers at

https://www.fertstertdialog.com/users/16110-fertility-
and-sterility/posts/64306-30120
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